
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



STUDIES ON CHROMIUM-CONTAINING FRACTIONS 

IN YEAST AND THEIR RELATION TO THE PROPOSED 

GLUCOSE TOLERANCE FACTOR 

A thesis presented in partial 

fulfilment of the requirements for the 

degree of 

Doctor of Philosophy 

in Chemistry 

at 

Massey University 

New Zealand 

Steven John HAYLOCK 

1 9 81 



ii 

ABSTRACT 

C hromium- cont aining fract i on s were i s o l a t e d  bo t h  from 
who l e  y e a s t  ce l l s  and y e a s t  extract s  in attemp t s  to i s o l a t e 

the gluco s e  t o lerance factor ( GTF ) . 

T e chnique s for the i s o lation o f  chr omium-containing 

fract io n s  from who le yeast  ce l l s  were inve s t iga t e d  b y  f i r s t  

i dent i fy ing t he chromium fract ions b y  means o f  chromium�5l 

lab e l ling . An ani oni c comp l ex was i s o lat e d  from yeas t ce l l s  

whi ch had been s upp l ement e d  i n  a me d i um with h i gh l e ve l s  o f  

chromium chlori de . Thi s  comp lex was i dent i fi e d  a s  a chr om i um­

g l uco s e  comp lex but did not s how any of the propert i e s 

expect e d  for the G TF .  

An i s o l at i on procedure based on ion-exchange chromat o ­

graphy achi eved t h e  i s o la t i on o f  e l e ven apparen t l y  d i s cr e t e  

chromium-cont aining fract i on s from y e a s t  ext ra ct , The 

act ivi t y  determinat ion of t h e s e  fract ions , by us e of a y e a s t ­

fermen t at ion a s s ay , re s u l t e d  in genera l ly only t h e  cat i onic 

fract io n s  showing high act iv ity leve l s . 

The origin o f  t he i s o lat e d  fract i on s wa s inve s t i ga t e d  

b y  determining which fract i on s  r e s u l t e d  fr om react i on w i t h  

me dia component s  and tho s e  which pr ob ab ly r e s u l t e d  from 

a s s oci a t i on with y e a s t . The s e  inve s t i gat i ons showed t hat 

the majority of comp le x e s  forme d were not s ynt he s i ze d  b y  

t he ye a s t  ce l l s  b u t  were a re sult o f  r eact i on with me d i a  

compone nt s .  Aft er the s e  s t udies  only two cat i onic fract i ons 

remained as pos s ib le cand idate s for t he gluco s e  t o lerance 

fact or . 

The cat i on i c  chromium-cont aining fract ion s from 

b lack p eppercorns ,  s age , pork k idney powder , wheat b ran and 

mo l as s e s  wer e inve s t i gat e d . The cat i onic fract i ons obt ained 

fr om t he s e  s amp l e s were identified  a s  all having d i fferent 

ion-exchange e lu t i on p o s i t i ons and a l l  having widely varying 

a ct iv i t i e s . Hence there d i d  not ap p e ar t o  b e  a s ingle di s ­

cre t e  chromium-cont aining fract i on which was capab le o f  ·, 

b e ing i dent i fi e d  w i t h  the g luco s e  t o l erance fact or . 

P re incub at i on o f  chromium-de ficient y e a s t  in m e d i a  

containing chromium was und ert aken i n  an a t tempt t o  demon­

s t rat e s ome requirement of the y e a s t  for chrornium . No such 

requirement cou l d  b e  demons t rat e d . 



On further p ur i f i c at i on o f  the act iv e - c at i on i c  

fract i on s  t h e  a c t ivity  w a s  shown t o  s ep a rate from the 

chromium but the factor c au s ing the a c t ivi t y  could not 

b e  i dent i fied . 

C o l l e c t i ve ly the s e  re s ul t s  s upport t h e  e xi s t ence 

iii 

o f  a non-chromi um c ontaining fac t or , capab le o f  incre a s ing 

the r a t e  of ferment a t i on of y e a s t  and henc e  a fact or, 

whi ch apart from the lack o f  a c hromium atom, shows c l o s e  

s imi la r i t y  t o  t h e  glu c o s e  t o lerance factor a s  report e d  

b y  S chwar z and Mert z .  
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SECTION I 

I NTRODUCTION 

S in c e  1 9 5 7  when S c hwar z and Mert z ( 1 9 5 7 ) fir s t  propo s ed 

the e x i s t en c e  o f  a G lu c o s e  Toleran c e  Factor ( GTF ) whi c h  was 

ne c e s s ary t o  ma int ain a n o rmal b lo od gluc o s e  remova l rat e in 

rat s ,  mu ch r e s e arch has b een carr i e d  out to t ry and de t e rmine 

the me chan i s m  o f  i t s  ac t i on and t o  a s c ertain i t s  chemi c a l  

comp o s i t ion . I n  1 9 5 9  S c hwar z and Mert z  ( 1 9 5 9 )  sugge s t e d  t hat 

chromium was in fact the a c t ive ingre dient in the glu c o s e  

t o lerance fac t o r  and s i n c e  then various sys tems both i n  vivo 

an i n  v i tro have b e en u s e d  to a s s e s s  the b i o l o g i c a l  e f fe c t s  

o f  c hromium and c rude GTF preparat i on s . 

Attemp t s  have been made t o  i s o late GTF from var i o u s  

sour c e s  but t he mo s t  c ommon ly u s ed a r e  brewer ' s  y e a s t  ( or 

y e a s t  e x t ra c t ) and pork k i dney powd e r . Howe ver so far only 

fairly impure s amp les have b een i s o l at ed by the pub l i s hed 

pro c e dure s and c onc lusions  drawn about the t ype o f  s t ructure 

giving the ob s e rved b i o l o g i c a l  e ffe c t s  usin g  s u c h  impure 

s amp l e s  mu s t  be open to doub t , and may be t o t a l ly mi s l e ad ing . 

Var i o u s  group s ( S c hwarz and Me rt z ( l 9 5 9 ) , Me rt z ( 1 9 6 9 ), 

Vot ava e t  al ( 1 9 7 3 ) , Toepfer e t  al ( 1 9 7 7 ) , K umpul ainen e t  al 

( 1 9 7 8 )  and Mir s ky et al ( 1 9 8 0 ) ) have report ed i s o l ation and 

part i a l  pur i fi c at ions of c hromium- c ontaining fra c t ions ob t ain­

ed from var i o u s  s o ur ce s .  The met ho d s  used and the r e s u l t s  

a c h i eved are c r i t i c ally d i s c u s s e d  i n  sect ion 4 . 4 o f  thi s 

the s i s . 

De s p i t e  s ome of t h e  more obvi ous shor t c omings o f  t he 

re ported prepara t i on s , s ome very i n t e re s ting e f fe c t s  have 

been ob s erved when the s amp le s  are t e s t ed ln various  a s s ay 

s y s tems . The fundament al e ff e c t  wh i c h  has b een a t t r i b ut ed 

t o  GTF i s  i t s  ab i l ity t o  maintain norma l gl u c o s e  t o lerance 

in t h e  rat . However , s in c e  gluc o s e  met abo l i sm i s  a c o mmon 

feat ure o f  mo s t  c e l l s , s e veral r e l a t e d  ce l l u l ar s y s tems have 

been u s e d  to inve s t i gate t h e  e ffec t s  of GTF and c hromium 

c omp le xes . 

The mainfUn c t ion o f  GTF wa s demons tra t e d  by induc ing 

an apparent ly c hromium- de f i c ient s t at e  in the rat by fe eding 

on a c ontro l le d  d i et ( S chwarz and Mert z ( l 9 5 7 ) ) .  Th i s  r e s ulted 
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2 

in t h e  removal rate o f  e x c e s s  b lo o d  gluc o s e  dropp ing from 

4 . 0 % p e r  minut e t o  2 . 0 % p e r  minut e . The imp aired g l u c o s e  

removal rat e was reve r s ed by do s e s  o f  c rude GTF preparat i ons 

obt a i n e d  from y ea s t  e xt ra c t  or a c i d  hydro l y s at e s  of pork 

kidne y p owder . 

Various in v i vo experiment s have been c arri ed out  t o  

de te c t  p o s s ib le interac t i on s  or a s s o c i a t ions b e t ween chromium , 

glu c o s e  and in s u l in in a vari ety o f  d i fferent an imal s  r a i s e d  

o n  no rmal and c hromium-de f i c ient d i et s . U s in g  rat s in much 

o f  the e ar l i e r  work , S c hr o e der ( 1 9 6 6 )  propo s ed a l ink b et ween 

chromium defi c i en c y  and a d i ab e t e s  l ike syndrome . He  t oo k  

great c are t o  produce an apparent l y  c hromium- d e f i c i en t  rat 

s t ra i n  from whi c h  he e x amined t he s erum gluc o s e leve l s  and 

the growth rate s .  S c hroeder c laime d t o  have shown that t h e  

rat s r e c e iving t h e  c hromium-de fi c i ent d iet s were more l i ke l y  

t o  b e  a s s o c i at e d  w i t h  hyp e rgly cemi a ,  w i t h  t h e  hypergl y c em i c  
+ rat s having an average b l o o d  s erum g lu c o s e  l e ve l o f  1 3 7 . 2 -

6 . 8  mg/ 1 0 0  cm3 and t ho s e  r e c e i ving c hromium s up plement �t i on 

having an ave rage le ve l o f  1 1 6 . 6  � 1 . 7  mg/1 0 0  c m3 . The 

c hromi um-de fi c i en t  rat s had a lower b ody we i ght than t ho s e  

re c e i ving a d i e t  c on t a ining adequat e c hromium s upp l i e d  a s  

c hromium acetate  and gly c o s uria was d e t e c t e d  i n  a s igni f i c ­

ant ly greater n umb er o f  t h e  chromium-defi c i ent rat s . 

S c hroeder d i d  n o t  at t emp t  t o  show t hat t he s ymp t oms whi c h  

deve lope d a s  a re sult  o f  indu c ing c hromium de f i c ien c y  c o u l d  

b e  rever s ed by chromium s upp lementation but the symp t om s  

deve lo p e d  by the rat s re c e iv ing t he l o w- c hromium d i et were 

c harac t e ri s t i c  of d i ab e t e s .  I t  is of c our s e  .po s s ib le t ha t  

t h e  s pe c ia l i s ed d i e t  u s ed b y  Schro e d e r  was d e f i c ient i n  

fac t o rs other t han c hromium, c apab le o f  c au s in g  d iabet i c  

sympt oms . 

With the p o s s ib le a s s o c ia t i o n  b etween a chromium -

d e fi c i ent state a n d  d i ab e t e s h�ving b e e n  shown b y  S chro e de r ,  

Rogin s k i  and Mer t z ( 19 6 9 )  attempt e d  t o  demo n s t rate the e x i s t ­

an c e  o f  a c hromium- i n s u l i n  interac t ion . Vari o u s  i n  v i t ro 

exp e r i me nt s are d e s c r ib e d  l ate'r b ut t he i r  in v i vo work 

invo lve d  the demon s t ra t i on of a gre a t e r  s en s i t i v i t y  t o  

inj e c t ed in sulin ( me a sure d b y  a lower b l ood g l u c o s e  l e ve l )  

for rat s re c e i ving a c hromi um- chloride suppleme ntat i on i n  



t he ir drinking water c o mpared w i t h  t ho s e  rat s r e c e iving no 

c h romium s upple men t a t i on and h e n c e  b e ing c las s i fi e d  a s  
' 

chromium- d e f i c i ent . A curi o u s  d i fference in t h e  re s u l t s  
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for fas t in g  blood gluc o s e  leve l s  for t he c hro mium- d e fi c i en t  

rat s  compare d  w i t h  t he supp leme n t e d  rat s appe ars when t he 

re sults  o f  Rogin s k i  and Me rt z ( c onfi rmed b y  Woo l i s c ro ft and 

Barb o s a  ( 1 9 7 7 ) ) are c ompared w i t h  the re sult s rep o rt e d  by 

S c hroeder ( 1 9 6 6 ) for t he b lood g lu c o s e  leve l s  of similar 

group s o f  rat s . S chroeder had ob s e rved a d i ffere n c e  in the 

b l ood s e rum gluc o s e  leve l s  for the t wo groups of  rat s  where a s  

t h e  other workers found s i mi l a r  l e ve l s  for rat s i n  both 

c hro mium s t at e s . Roginski  and Mert z found t hat t h e  b l ood 

g l u c o s e  level for "low chro mium rat s "  was 58 mg/ 1 0 0  c m3 

whi l e  the c hro mium- s uppleme nt e d  rat s had a s i mi l ar l e v e l  o f  

5 9  mg/ 1 0 0  c m3 . Woo l i s c ro ft and Barb o s a  found t h e  average 

b lood p la s ma gluc o s e  l evel fo r chromium de f i c i en t  rats to b e  

1 0 5  � 9 mg/ 1 0 0  c m3 whi l e  t hat for t he rat s re c e i ving c hro mi u m  

s uppleme n t a t ion w a s  1 1 6  � 4 mg/ 1 00 c m3 . 

Wo o l i s c ro ft and Barb o sa a l so report e d  that they found 

l i t t le d i f f e rence in t he gluc o s e  re moval rat e s  for b o t h  

group s o f  rat s when u s ing t h e  a c c ept e d  me thod o f  c a l cul at ing 

t he gluco s e  re moval rat e .  They found t he l ow- chro mium rat s  

had an average glu c o s e  removal rate o f  2 . 0 6 � 0 . 1 3 % / min whi l e  
+ 

t he chro mium- s upp l e mented rat s  had a re moval rat e  o f  2 . 2 9 -

0 . 1 4 %/min . They a l s o  in ferre d that the re s u l t s  obt ained from 

t he me t hod o f  c al c u l at i on of t he gluco s e  re moval rat e  e mp lo y e d  

b y  Schwarz and Me rt z ( 1 9 5 9 ) ( i . e .  u s in g  the e x c e s s  b lood 

glucose l e ve l )  may have been i n  fac t a methodologi c a l  art i fa c t .  

By us ing t w o  d i fferent gluc o s e  l o ads ( 5 0  mg/ 1 0 0  g and 1 2 5 mg/ 

1 0 0  g ) , Woo l i s c ro ft and Barb o s a  s howed t hat on c ompari s on o f  

t h e  gluc o s e  re mova l rat e s  fo r t h e  two group s o f  rat s , t hat 

b ot h  had s im i l ar re moval rat e s  for the low- g lu c o s e  load and 

again s imil a r ,  but t h i s  t i me h i gher gluc o s e  re moval rat e s  

for the h i gh e r  glu c o s e  load . The s e  re s u l t s  were c on s i s t ent 

with normal ft c e l l  func t i on in the chro mium-d e fi c i ent rat s  

and hence p re sumab ly a non-d i ab e t i c  s t at e . 

S e v e ra l  other experi ment s have b een carri e d  out where 

t he e ffe c t s  o f  chromium supp l e men tat ion on t h e  gluc o s e  

re mova l rat e s  o f  chro mi um-de fic i ent rat s  hav e  b e e n  e xamine d  
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( Me rt z  e t  a l  ( 1 9 6 0) , Me rt z e t  a l  ( 1 9 6 5 ) ) . I n  e a c h  c a s e  the 

non- a c c e p t e d  me thod o f  c al c u l at ing the gluc o s e  removal rat e s  

ha s been u s e d  and hen c e  the s ign i f i c ance o f  the r e s u l t s mu s t  

be in doubt . 

In an att empt t o  d e termine t he intrac e l lular l o c al i s ­

ati on o f  c hr omium Mert z e t  a l  ( 19 6 5 a )  and Onke l inx ( 19 77 )  

inj e c t e d  c hr omium- 51 int raveno u s l y  in the rat . Both groups 

prop o s e d the e x i s tence of c ompartment a l i ze d  c hromium p o o l s  

within t h e  r at, a s  we l l  a s  var i o u s  e x c re t i o n  pathway s on the 

ba s i s  of the re sults  o b t aine d . Me rt z et a l  showe d that 

the de c ay curve obtained by who l e  b ody c ount ing wa s s imilar 

for b o th c hromium- s upplemen t e d  and chromium- d e fi c i ent r at s .  

I f  a chromi um-defi c i ent s t ate had be en achi eved i n  t he rat, 

the inj e c t i on o f  the c hromium would b e  e xp e c t e d  to result  

in altered de c ay curve for the chromium-de f i c ient rat s to 

allow for t h e  build  up of a dep let e d  chromi um c ompartment . 

S i mil ar c hromium- 5 1  t ra c e r experiment s were carr i e d  out on 

diab e t i c  s t rains of rat s by Mathur and Do i s y ( 1 9 7 2) and more 

re c en t l y  b y  Kras zeski et al ( 1 9 7 9 ) . No c l e ar c ut answer was 

ob t aine d from the inve s t igat ion s i nc e in many c a s e s  c o nt ra­

d i c t ory re s u l t s  were ob t a ined b y  t he two group s of inve s t i ­

gat o r s  and t hus it i s  n o t  c lear whet her t h e r e  i s  any s ign i ­

f i c ant di fference i n  c hromium up take by d i ab e t i c  ( and 

pre sumab ly c hromium-d e f i c i ent ) rat s and no rmal ra t s . One 

maj or p o int o f  agreement however was the ob s erva t i on o f  

in c re a s e d  c hromium- 5 1  l e ve l s  i n  the �erum o f  t h e  d i abe t i c  

rat s whi c h  p e rhap s s ugge s t s  l o s s  o f  chromium i n  t he d i abet i c  

s t ate . I n  t h e  more re c e n t  s t udy , Kra s z e sk i  e t  a l  ext ended 

the work to invo lve the e f fe c t  of i nsulin on the d i ab et i c  

rat s . From t he ir pub l i s hed dat a t hey c o n c l uded that the 

t i s s ue s ourc e s  from d i abet i c  rat s treated w i t h  insul in have 

h i gher c hromium leve l s  s howing t hat in sulin may be ab l e  t o  

prot e c t  again s t  the l o s s o f  c hromium . 

Re cent result s report e d  b y  Ghafghazi et  a l  ( 1 9 7 9 ) 

have tended t o  c a s t  d o ub t  on s ome o f  the e ar l i er work . 

A l though he d i d  not us e c hromium-de fi c ient rat s , Ghafgha z i  

has report e d  e ffe c t s  i n  rat s re c e iving admi n i s trat i on o f  

c hromium c h l o ri de qui t e  di fferent t o  tho s e  found b y  Mertz 

e t  a l  ( 1 9 6 5 ) and Schroeder ( 1 9 6 6 ) . Ghafghazi has c la imed 



that aft e r  a dmini s t rat i on of e i t ber 5 . 1 rng/kg or 5 0  mg/kg 

of c hromium dai ly for up to 2 3  days  there was n o  di fference 

in the b lood g lucose leve l s  of rat s gi ven t h e  chromium 

admin i s t rat i on over c on t rol s re c e i ving s al ine inj e c t i ons . 

5 

He has a l s o  shown that rat s when i nje c t e d  w i t h  chromium at 

l e ve l s  betwe e n  lOO mg/kg to 3 0 0  1ng/kg, deve l op hypergly c emia 

in the re s t in g  b lood glucose leve ls . Alt hough exper ime nta l 

c on d i t ions were di fferen t s in c e  the rat s were rai s e d  on d i e t s  

un l ike ly t o  c au s e  chrom i um de f i c i en c y  and a h i gher leve l of 

c hromium supp lementat i on was used, Ghafgha z i  has produced 

e v i dence  whi c h  doe s not s upport the idea that chromium i s  

involved a s  the a c t i ve ingre d i ent o f  GTF in i t s  ab i l i t y  t o  

ma int ain normal glucose t oleran c e  in rat s . 

Whi l e many re s ear c hers have at tempte d  t o  demon s t rate 

an a s s oc iat i on in rat s b e t we e n  c hr omi um and b lood gl uc o s e  

l e ve l s , and t h e  response of t he s e  t o  i n s u l i n  admin i s t ra t ion 

no unequivocal con c l u s i on c an b e  re ached from the c on f l i c t ing 

r e s u l t s t hat have been repor t e d . I t  app e ars in many c a s e s  

that re s earc hers have s t art e d  with pre c on c e ived ideas a s  t o  

the effe c t s  t hey exp e c t e d  t o  ob s erve and c on s equent ly t hey 

hav e t r i e d  to f i t  the data t o  t h e s e  i deas . 

No c le ar conc l u s i on c an b e  drawn from the r e s u l t s  

ob t a ined when ot her an ima l s  are te sted for the i r  r e s pons e  

t o  c hromium s upplement at i on .  Dav i d son and B l a c kwe l l  (1968) 
whi le inve s t i gating the e ffec t s  of chromium c h l or i de and 

chromium a c e t at e  fupp l ementat ion in the di et of squirrel 

monkeys  whi c h  e xhib i t e d  abnormal g lucose t ol e ran c e  t e s t s  

report e d  a n  i mprove d g l u c os e  t oleranc e . O n  the ot her hand 

Pre s t on et a l  (1 976) when e xper imenting with c hromium-defi c ­

i ent guinea p igs found that c hromium chloride s upp l ement a t i on 

in t he d i e t  d i d  not e ffe c t  the g l u c os e  t oleran c e  of the 

animal s . Tuman and Doi sy (1 978) showed dur ing c omparat ive 

e xpe r ime n t s  on normal and ge ne t i c a l ly d i ab e t i c  mi c e  that a 

s in gle int rap e r i tone a l  inje c t i on of GTF con c e nt rat ed from 

brewer ' s  y e a s t  was suf fi c i ent t o  r educ e the average non­

fa s t ing p la s ma glucose l e ve l in the d i ab et i c  mice b y  up to 

2 9% .  However t he norma l mi c e  a l s o  showe d a reduct i on in ·their 

p l a sma g l u c os e of 36% w i t h  a s imi l ar inj e c t i on .  
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A numb er o f  s t udi e s  have a l so b e en c arr i e d  out t o  try 

and demo n s trate a l ink b etween chromium defi c i en c y  and ab nor­

ma l glu c o s e  met ab o l i sm in �uman s .  S c hroeder ( 1 9 6 8  review ) 

reporte d  a s t at i s t i c al anal y s i s  o f  the amount s  o f  chrom i um in 

various t i s s ue s  whi c h  was c o nd u c t e d  to determine whether there 

was any variat ion in the l e ve l for d i f ferent popu l at i on s  and 

also whe ther thi s varied w i t h  age . He d i s c o vere d a gradual 

de c l ine in the c hromium l e ve l s  in the human t i s s ue s  inve s t i­

gat ed ( aort a , l i ver , heart , k idney , s pl een ) with increa s in g  

age . Thi s  de c l ine wa s mo s t  rap i d  in t he fir s t  1 0  years o f  

l i fe and t hereaf t er a slower de cline was ob s erve d reach i n g  

background leve l s  a t  app ro x imat e ly 7 0 - 8 0  y ears. On t he 

bas i s  o f  t h i s  data Schroeder propo s e d  t he e x i s t e nce o f  a 

diet ary c hromium de fici en c y  whi c h  r e s u l t s  in t h e  gradual 

de p l e t i on of c hromium in human t i s s u e s . A c ompari s on o f  

s imi l ar t i s sue t yp e s  from d i fferent geograp h i c a l  origin s  was 

condu c te d  by T i p t on and Coo k  ( 1 9 6 3 )  and by Tip t on et al ( 19 6 5 )  

who found l ower c hromium l e ve l s  in t i s sue s  from Ame r i c an 

subj e c t s  t han in Afr i c an , Near East ern or Far Eas t e rn s ubj e c t s . 

This promp t e d  S c hroeder e t  al ( 1 9 7 0 )  t o  propo s e  t hat the 

wide s pread re finement o f  fo o d s  wa s a maj or fac t or in c au s ing 

chromi um de f i c i en c y in Ame r i c an d i e t s . In thi s s ame s t udy 

by S c hr o e der et al ( 1 9 7 0 ) ,  e xhaus t ive analy s i s  was carr i e d  

out on a wide var i e t y  of d i fferent human t i s s ue and organ 

s ourc e s . Altho u gh higher c hromium le v e l s  were found in the 

skin , l ungs and o vary, no s ign i f i c an�l y  high c hromi um leve l s  

were e n c ount ered i n  any o f  the other maj or t i s sue o r  organ 

sour c e s . Thus i f  GTF was pre sent in humans ,  t he n  i t s  a c t i on 

was not c on fined t o  any part i cu l ar o rgan . 

Analy s i s  o f  p lasma chromium l evels  aft er gluc o s e  

admin s t rat i on h a s  l e d  t o  w i d e l y  c o n fl i c t ing re s u l t s . 

Glinsmann et al ( 1 9 6 6 )  and Levine e t  a l  ( 1 9 6 8 )  have a l l  found 

that on admi n s t rat i on of g lu c o s e  ( in a gluc o s e  t o l erance 

t e s t ) to  normal non-diab e t i c  subj e c t s there wa s a ri s e  in 

plasma c hromium . U s ing apparent l y  s imi lar exper imental 

te chn i que s ,  aga i n  o n  he a l t hy non-diab e t i c  subj e c t s ,·b ot h  

David s o n  and Bur t  ( 1 97 3 )  and Pekarek e t  al ( 1 9 7 5 )  report e d  

the c o mp lete re ve rs e ,  i n  that the p l asma chromium l e ve l s  

showed a fall aft e r  the g l u c o s e  admini s tration . From t h e  
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c ontrad i c t ory natur e  o f  t he s e  re s ul t s  i t  s e ems apparent t hat 

a furt he r  unknown fa c t o r  ( or fa ctor s ) i s  pre s ent i n  the 

experime nt a l  proc edur e s  us ed and unt i l  t his i s  re s olved , 

further det e c t i on and c ompar i s on o f  i n s u l in , c hromium and 

gluc o s e reve l s  in b lood s erum w i l l  not b e  very he lpfu l . One 

of the s e  factors i s  probably  t he wide var i e t y  i n  analy t i c al 

r e s u l t s  fr om chrom i um analy s i s  on b i o l o g i cul s amp l e s . Thi s 

has b een demon s tr a t e d  in a WHO study ( Parr (1977)) in which 

t he s ame s amp le gave wide ly vary ing r e s u l t s  in d i fferent 

laborat or i e s  where a wide range of d i fferent ana l y t i c al m e t hods 

s uc h  a s  f lame and f l ame l e s s  at omi c ab s orp t i on ,  c o l orimetry ,  

a c t i va t i o n  an aly s i s  and emi s s i o n  s p e c tr o s copy were u s ed . 

Uri nary e x c r e t ion ha s b e en prop o s ed as t he pat hway 

for t he remova l  of c hromium from t he b ody.  Sc hroeder ( 1 9 6 8 )  

has demo n s t rated a r i s e  in urinary c hr omium aft er a g l u c o s e  

load i n  norma l sub j e c t s . Thi s finding was par t i a l ly c o n fi rmed 

b y  Gur s an and San e r  (1978) whe n in a s imilar experiment 8 out 

of 10 normal s ub je c t s  s howed higher ur ine c hromium levels 

after gluc o s e  admin i s t rat i on . When d i ab e t i c  s ub je c t s  were 

examined t he numb e r  o f  s ub je c ts s howing the in crea s ed c hromium 

leve l s  a ft er gluc o s e  admi n s t rati on dropped t o  3 out of 8. 

Again t he magnitude o f  t h e  c hange s i n  t he s e  e xperiment s were 

o f  doub t fu l  s i gn i f i c anc e . 

T he mo s t  r e c ent and e x t en s i v e  s urvey pub l is hed on t he 

c hromium l e ve l s  in t he var i o u s  body f l u i d s  and t is sue s of 
normal and diab e t i c  s ub j e c t s  has b e �n c arried out by Rab inowit z  

( 1 9 8 0 ) . I n  the t i s s ue s and fluids me a s ured ( hair , red blo o d  

c e l l s , p la sma and urine ) wide var i at i on s  i n  chromium l e ve l s  

were ob s erved . The s e  leve l s  howev e r  o verlapped and t hu s  

t here w a s  no dire c t  eviden c e  t o  s ugge s t  t hat t he diab e t i c  

s ub j e ct s had lower c hromium re s erve s t han the n orma l s ub je c t s . 

Thi s in formation wa s in c on t ra s t  w i t h  the ear l i er r e s u l t s o f  

S c heoeder ( 1 9 6 5  r e v i ew )  where he b a s e d  some o f  h i s  argument 

for t he low c hromium-diab e t i c  state a s s oc i at i on on the l ower 

c hromium leve l s  i n  o lder t i s s ue s our c e s . 

S e veral r e s earc her s have att emp t ed c ur e s or at l ea s t  

improvements  i n  d i s e a s e s  re s u l t i ng from di s orde r s  i n  g lu c o s e  

me t ab o l i sm b y  means o f  b o t h  s hort and long term c hromium 

s upp l ementat i on . The early  c hromi um s upp l ementat i on work was 



c arri e d  out by Levine e t  a l  ( 1 9 6 8 )  and Glinsmann and Mert z 

( 19 6 6 ) . By u s in g  d a i l y  . chromium s upp l e ment a t i on o f  1 5 0 pg 

on e l de r l y  sub j e c t s wi t h  imp a i red g lu c o s e  remo val rat e s ,  

Levine e t  al were ab l e  t o  lab e l  4 o f  the 1 0  s ubj e c t s  as  

"chromium re spon d e r s "  b ut a further 6 d i d  not re s p ond to 
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the chromium s upp lement a t i o n . In t he c a s e  o f  the chromium 

re sponde r s  the e f f e c t  was s hown not to be a resu l t  o f  i n c re a ­

s e d  in s u l in re leas e .  G l in smann and Mert z condu c t e d  s im i l ar 

e xperiment s using subj e c t s  s u ffering from mat uri t y-o n s e t  

diab e t e s .  The se s u b je c t s  re ce ive d  a range o f  c hromium s upp l e­

mentat i on dos e s  up t o  3 mg/day . Re s u l t s  rep orted here were 

again i n c on c lus i ve as only 3 o ut o f  6 s ubje c t s  s howed any 

impro vemen t  in gluc o s e  t o l eran c e . G ur s on and S aner ( 1 9 7 1 )  

inve s t i ga t e d  the e ff e c t  o f  a s ingle 2 5 0  pg c hromium chloride 

s upp leme n t at ion on p at i ent s s u ffering from mara smu s  ( a d i s ­

ease  c au s e d  b y  a d e f i c i en c y  in t o t a l  c al ori e s  in c h i l dren 

whi ch is o f t en a s s o c i at e d  with the diabe t i c  s ymp t om o f  a low 

glu c o s e  removal rate ) .  Although the dat a had large s t andard 

de v�at i on s  they d i d  e st ab l i s h  a trend t owards h ighe r  gluc o s e  

removal r at e s  in 9 o ut o f  1 4  c a s e s . P e rhap s the mo st s t r i king 

e ffe c t  i n  which short t erm adminis trat i on of chromium has b e e n  

u s e d  i s  t hat rep o r t e d  b y  Hopkins e t  al . I n  t reat ing malnour i ­

shed in fant s from Jordan and N i geria who had impaired glu c o s e  

t o leran c e  c urve s t h e y  ob s erve d that a s ingl e 2 5 0  pg do s e  o f  

chromium a s  chromium chloride was suffi c ient t o  rai s e  the 

exce s s  b lo o d  gluc o s e  removal rate from 0 . 6 % /min ( Jo rdan ) and 

and 1 . 2 %/min ( Ni ge r i a ) t o  2 . 9 % /min ( b o t h  l o c at ions ) .  Hopkins 

et  al have e xp laine d the i n i t i a l ly l ow gluc o s e removal rat e 

in the c a s e  o f  the Jo rdan i an infan t s  b y  the very l ow chromium 

leve l found in the i r  drinking water . S u c ce s s ive gluc o s e  

t o lerance t e s t s  c arri ed out o n  malnour i shed i n fants who d i d  

n o t  re c e i ve a chromium s upp lement showed large variat i on s  

in the g l u c o s e  removal r a t e  whi c h mus t c onsPquent l y  d e c re a s e  

t h e  overal l  value o f  t he r e s u l t s report ed . The s uperior d i e t  

given t o  t h e  infan t s  i n  t h e  h o s p i tal s where t h e s e  t e s t s  were 

undert aken c ould a l s o  have had · a large and · i mme diate ·e ff e c t  

on t h e  g l u c o s e t o l er ance o f  t he infant s .  

I n  a re cent e xperimen t , Liu and Morri s ( 1 9 7 8) have 

a l s o  not e d  t he e ffe c t  of c hromium supp l e ment at i o n  b ut in t hi s  
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cas e t he supp le mentat i o n  was t ak en in the form o f  b rewer t s  

y e a s t . They found t hat t he hype rgly cemi c pe opl e  i n  t he i r  

gpaup aft er r e c e iving 4 pg'o f  chromium i n  b r ewer's y e a s t  

dai ly f o r  a 3 mont h per i o d  d i d  show a reduc e d  f a s t ing blood 

gluc o s e  l e ve l c ompared to their p re -supplementat i on b lo od 

gluco s e  l e ve l s . The ob s erved d i fference howe ver was not 

gre a t er t han t h e  s tandard deviat i o n s  for e i t her blo o d  glu c o s e  

leve l . 

Human d i e t s  norma l l y  c ont ain a wide var i e t y  o f  foods , 

o ft e n  with w i d e l y  vary ing chromium concentra t i ons . Conseque n ­

t ly i t  has b e e n  di ffi c u l t  t o  ob t ain re sul t s  from a n  apparent ly 

chromium�d e f i c i ent human . Re c e n t l y  though , two c a s e s  have 

b ee n  repor t e d  where p at i ent s re c e i ving long t e rm t o t a l  paren­

t eral nut r i t i on ( TPN ) have shown int ere s t ing e ffe c t s  on 

chromium s upp le ment a t i on . Jee j e e b hoy e t  al ( 19 7 7 )  h ave 

repo r t e d  t h e  c a s e  of a pat ient r e c e iving TPN for 5 y e ars . 

Thi s pat ient after r e c e iving TPN for 3 o f  the 5 y ears deve lope d  

we i gh t  lo s s  and gluc o s e  into leran c e  even w i t h  a c onst ant 

c a l o r i c  int ake . The s e  s ympt oms were as s o c i a t e d  with low 

le ve l s  of chromium in the b lo o d  and hair . The ab ove sympt om s  

w e r e  reporte d  t o  b e  c orre c t e d  b y  2 5 0  p g  chromium supplement a­

t io n s  a s  c hromium chlo r i d e  da i ly for 2 week s . I n  a s imilar 

c a s e  Freund e t  a l  ( 1 9 7 9 ) have d e s cribed a pat i e nt re c e i ving 

TPN for 5 mont h s  who a l s o  deve lope d  sympt oms of s evere gluc o s e  

int o le �ance and we ight l o s s . Again �i th a d a i l y  supplemen t a ­

t ionof 15 0 p g  o f  c hromium ( I I I ) , t h e  s ympt oms were revers e d . 

Bo t h  o f  the s e  i s olated c as e s  may b e  taken a s  e videnc e  o f  a 

chromium- d e f i c i ent s t a t e  b e ing creat e d , whi c h  in t urn result s 

in s y mpt oms o f  gluc o s e  i n t o l e rance and we i gh t  l o qs , not 

unl i ke the sympt oms . s e e n  in c hromium-de fic i e nt rat s . The s e  

two c a s e s  d o  n o t  repre s e nt a s t at i s t i c al s ample o f  pat i ent s 

re c e iving l on g  t erm TPN and henc e  the que s t i on ari s e s  a s  t o  

why s imi l ar s ympt oms do no t ari s e  in other c a s e s , In b ot h  

o f  t h e s e  repo rt e d  c a s e s , t here i s  a l so t h e  po s s ib i l i t y  that 

alt e rnat ive t re atment s such as increased in s u l in l e ve l s  and 

a l t e r e d  c al o r i e  intake , g iven on deve l o pment o f  t h e  s ympt oms , 

may have in f a c t  brought about t h e  cure . 

A s  wi t h  much o f  t h e  other c hromium-GTF resear ch , work 

by o ther group s has a l s o  reve a l e d  c on f l i c t i n g  re s ul t s  where 
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chromium supp l e ment at i on has b e e n  u s ed . Sherman e t  a l  (196 8), 
u s ing both normal and d i ab et i c  s ub je c t s  rec e i ving e it h e r  a 

5 0  pg chromium s upple ment qr a p l a c e b o  oral ly 3 t ime s dai l y  

f o r  a period o f  1 6  wee k s , found no improvemen t  i n  t h e  hyper­

gly cemia in the d i ab e t i c  p a t i ent s r e c e i ving c hromium c ompare d  

w i t h  t h o s e  re c e i ving the p l aceb o . The gluc o s e  t o l e ranc e  o f  

the no rmal s ub je c t s  was ·un c hanged .  Cart er e t  al (196 8) wh i l e  

e xamining c h i ldren s uffe r i ng from Kwashi okor , a symp t om o f  

whi c h  i s  an impaired gluc o s e  t o l e ran c e , again found no improve ­

ment in gluc o s e  t o l e ran c e  with a s ingle  d o s e  o f  2 5 0  pg c hromium 

( I I I ) . In s ome cas e s  subje c t s r e c e i ving lower leve l s  o f  

c hromium ( 8  pg )  fed w i t h  m i l k , showed a great e r  imp r ovement 

t han s ubje c t s  re c e i ving h i gher d o s e  leve l s  (7 5 0  pg C r ) . The 

pat i ent s re c e i ving a h i gh-pro t e in , h i gh calor i c  d i e t , irre s p ­

e c t i ve o f  c hromium l e v�l s showed t h e  gre at e s t  imp r o vement i n  

gluc o s e  to leran c e . More r e c ent l y  W i s e  (1 97 8) rep o rt e d  no 

c hange in gluc o s e  t o leran c e  on c h romium supp lement a t i on o f  

subje c t s  wi th abnormal fa s t ing gluc o s e  leve l s . 

C le ar l y  t hen muc h  c ontrove r s y  e x i s t s  over t h e  e f f e c t  

o f  c hr omi um s upp lementat i o n  i n  human s . F o r  s uch.a w i de range 

of r e s ult s to have b e e n  report e d  o th er non- c ontro l l e d  e xp e r i ­

ment a l  cond i t i on s  mus t  b e  import ant . F luct uat i on s  in day t o  

day �uc o s e  t o le ran c e  t e s t s  may l e ad t o  e rroneous  c o n c l us ions a s  

may t h e  variat i o n  of d i et r e c e i v e d  b y  the subje c t s . The 

nat ure of the d i s e a s e s  t e s ted may a l s o  me an t hat the c au s e s  

o f  t he impaire d gluc o s e  t o leran c e  may no t b e  t he s am e  for 
/ 

all t he var i o u s  type s ( d i ab ete s ,  kwashi orkor , mara smu s or 

for the TPN-di e t  c ond i t i on ) .  C e rt ainly ther8 is the n e e d  

f o r  m o r e  c are ful experimentat i on w i t h  far gre at e r  c ontro l 

p l a c e d  on s ub je c t s  d i e t  and the c au s e  o f  the impaired gluc o s e  

t o le ran c e . A l s o  the t yp e  o f  sup p l eme ntation given mus t b e  

c o n s i d e red . Mo s t  work has been c arr i e d  out u s ing c hromium 

c h l o r i de sup p l e me nt at i on s  but i t  may b e  ne c e s s ary t o  u s e  

pre p ara t i ons o f  GTF from y east e xt ra c t  whi ch have b e e n  pur i fi e d  

t o  t h e  high e s t  p o s s ib l e  s t ate . I n  t h e  ab s en c e  o f  s u c h  p ur i f i ­

cat i o n  it  i s  i mp o s s ib l e  to d i s tingu i s h  b etwe e n  e ffe c t s  b rought 

ab out b y  chromium and e ffe c t s  due t o  unsp e c i f i e d  impu r i t e s  in 
, 

the s ample . 
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G h afghazi et  a l  (1980) have r e c ent ly repor t e d  a fur­

t her e f fe c t  of chromium o n  the insu l i n  re l e a s e  from i s o l at e d  

i s l e t s o f  l angerhan s .  They have rep o r t e d  t hat c hromium 

c h l or i de inhib i t s  in s ulin r e l e a s e  from the i s le t s  o f  l anger­

han s , a finding whi c h  s eems c ontrad i c t ory to the idea that 

c hromium p lays a r o l e  in g l u c o s e  me t ab o l i sm . However i t  

mu s t  b e  p o inted out t hat s in c e  the i s l e t s  o f  l angerhan s are 

i n s ul in s e cre t ing c e l l s , the e f fect of c hromium on t h e s e  may 

be d i fferent to i t s  effect  on o t her c e l l s  in whi ch glu c o s e  

i s  me t ab o l i s ed vi a t he interme d i ac y  o f  in s u l in . The s e  find­

ings report e d  by G h afgha z i  et  a l  have b een c ount ered by 

S hap c o t t  (1980) who p o in t e d  out that the chromium l e vels 

u s e d  b y  Gh afghaz i were 3 o rde rs of magn i t ude gre at e r  than 

t ho s e  n o rmal ly found in man . De s pi t e  t h i s  cha l lenge b y  

S h ap c o t t  supp lement a t i on o f  t he diet s o f  an imal s  and human s 

w i t h  chromi um a s  chromium c h l o ride t o  produce r e s tored 

glu c o s e  removal rat e s wou l d  s eem t o  b e  an unwi s e  proce dure . 

A s  we ll a s  the in vivo work ,  e x periments have al s o  

b e e n  p e r formed o n  t h e  i n  v i t r o  e ffe c t s  o f  chromium and GTF 

p reparat i o n s . Se ve r a l  o f  the s e  have b ee n  deve l o p e d  in t o  

a s s ay s  u s ed t o  de t e c t  t h e  pre sence o f  GTF- l ike act i v i t y . 

Tho s e  u s e d  t o  dat e  f o r  a s s ay purpo s e s  are revi ewe d in s e c t i o n  

3 . 1 . 
A t t e mpt s have b e e n  made t o  demon s t rate interac t ions  

b e tween i n s ulin and , GTF , synthe t i c  c hromium c omple x e s  and 

s o lut i on s  o f  chromium s a lt s  s in c e  i n su l in i s  a ne c e s s ary 

requi reme nt in d e t e rminat i on of GTF a c t ivity u s ing the e p i d ­

i dymal r a t  fat p a d  a s s ay . Chri s t i an e t  a l  (196 3) , Campb e l l  

and Me rt z (196 3) and Be l u s ko (1 97 7 t he s i s ) a l l  using d i ffe rent 

analy t i c a l  me thods have demons t rat e d  an interac t i on between 

c hromium and in s u l i n . Evan s et  al  (1 972 )  u s in g  GTF fra c t i on s  

prepar e d  from brewer's y e a s t  a s  we l l  a s  a s ynthe t i c , b io l o gi c ­

a l ly-ac t ive chromium fra c t i on s , have s hown that b inding of t h e s e  
s amp l e s t o  in sulin o c curs . Ande rson and Brantner (1977) 
found t hat the i n su l in b ound only t o  t he b i o l og i c a l l y  a c t i v e  

c hromium fraction and n o t  t o  any o f  t h e  o t h e r  c hromium fra c t ­

i o n s  produced during t h e  s ynthe s i s . He re t here app ears t o  

b e  s ome uncertainty in n o t  knowing e xa c t ly whi c h  forms o f  

c hromium w i l l  b ind or interact  wi th i n s u l in and c on s equen t l y  
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the int er � c t i ons ob s erved may · n o t  be the re s u l t  of a chromium­

i n s u l in c omb inat i on having a spe c i f i c  functi on but may in 

fac t be due mere ly t o  random interac t i on s  wh i ch may be e xpe c - . 
t ed for p r o t e ins and mo s t  c harged spe c ie s  in s o lu t i on . 

The pre s ent unde r s t anding of c hromium and GTF in 

g l u c o s e  me t ab o l i sm is c on fu s e d  and b e s e t  b y  c onfl i c t ing 

re s u lt s .  However in v i ew of t he po s s i b i l i t y  that GTF ( or 

c hromium c o mp le xe s )  may b e  u s e fu l  in t he t reatment o f  s ome 

forms o f  d i ab e te� i t  i s  imp o r t ant to e i ther o b t a in a supp l y  

o f  t h e  pur e , b i o lo gi c al ly - ac t i ve GTF o r  t o  d emon s t ra t e  t hat 

n o  such s in g l e  a c t i ve fac t or e x i s t s . 

I t  w a s  the aim o f  t he work rep ort ed in t h i s  t he s i s  t o  

a c h i eve one o f  the s e  go a l s . I f  i n  fac t a pure GTF frac t ion 

was i s o l at e d , attempt s would b e  made to chemi c a l l y  charac t e r ­

i s e  and t o  t ry to de t e rmine une q u ivo c al l y  i t s  b i o l o g i c a l  

e ff i c a c y . 



SECTI ON 2 

I SOLATI ON OF CHROMIUM C OMPLEXES FROM WHOLE YEAST CELLS 

2 . 1  I NTRODUCTION 
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A l thou gh t l1e pub l i s hed proc edures  ( Vot ava et al ( 1 9 7 3 ) ,  

Toepfer e t  a l  ( 1 9 7 7 ) and Kumpulainen et al ( 1 9 7 8 ) )  for the 

i solat i on and purifi cat i on of c hromium c omp l ex e s  from y east  

are markedly d i fferent , they a l l  i nvolve the u s e  of whole 

yeast c e l l s  a s  the ba s i c  s t art ing mat erial . Brewer's y east  

has  b e en repor t ed t o  be t he best  s ourc e of t he gluc os e t oler­

anc e  fac t or ( Mertz ( 1 9 6 9 ) ) .  A s  the gluc o s e  t ol eran c e  fac t or 

ha s b een repor t e d  t o  c ont ain chromi um it s e emed l i k e ly that 

chrom i um-c ontaining frac t ion s  from b rewer's y e a s t  would have 

a h i gh b i ol og i c a l  a c t i v i t y  as meas ured by a s s ay s  for the 

gluc os e t oleran c e  fac t or . An a s s ay t o  det e rmine biologi c a l ly 

ac t iv e  chromium was not init i a l l y  avai lab l e  s o  it wa s decided 

t o  i s olat e t h e  c hromium- c ontaining frac t i on s  from extra c t s  

of whol e y e a s t  c e l l s , mon i t oring the chromi um leve l s  b y  

at omi c ab s orpt ion s p e c t ros c opy . I f  the chromium leve l s  were 

t oo l ow for a c c urat e d e t e c t i on in t h i s  way then the y e a s t  

would b e  grown on a med i um c ontaining chromium- 5 1 . The 

c hromi um- 5 1- l ab e l led c omp lexes  extracted from the y e a s t  c e l l s  

c ould b e  mon i t ored throughout t h e  i s olat ion proc edure b y  

c ount ing t h e  gamma rad i at ion emi t t e d  b y  the rad i oac t ive 

chromium- 5 1  l ab e l . 

After development of an i s olat ion p roc edure , att emp t s  

c ou l d  t hen b e  made t o  a c c umu late s i gnificant quant i t i e s  of 

the maj or chromium c omp le x e s  b y  s upp lement ing brewer's y ea s t  

i n  a growt h med i um c ont a i n ing very h i gh leve l s  o f  c hromium . 

I f  s u c h  a c c umu lat ion exp eriment s were s uc c e s s fu l  i t  would 

then be  pos s i b l e  t o  chemi c al ly chara c t e r i s e  the maj or c omp l e x  

i sola t e d , a s t ep that i s  n e c e s s ary i f  a n  und e r s t anding of 

the r ol e  of c hromium in y ea s t  and hopefully of the glucos e  

t oleran c e  fac t or ,  i s  t o  b e  obt a i ne d . 

The work.describ e d  in t h i s  s e c t i on i nvolv e s  t he 

at t emp t s  t o  i s ol at e chromium �omp lexes  from ( a )  the  c ommer­

c ia l�y ava i lab le brewer ' s  yeas t s , ( b )  t he b rewer ' s  y e a s t  

grown on a medium c ont aining radi oac t ively l ab e l le d  c hromium-

51 as a c on s t i t u ent and ( c )  from b rewer ' s  y e a s t  s upplement ed 



with c hr omium a s  c hromium c h l oride at l e ve l s  muc h  higher 

t han tho s e  found in natural ly o c c ur ring media, 

2 . 2  METHODS AND MATERI ALS 

2 . 2 . 1  Y e a s t  sour c e s . 
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Throughout the i s o la t i on at t emp ted from t he who l e  

yeas t , t hree d i fferent t y p e s  o f  y e a s t  s our c e  were u s ed. The se 

were the c ommer c ia l l y  avai lab l e  y e a s t s ,  brewer ' s  ye ast gro wn 

on a medium with radioac t ive ly lab e l le d  chromium-51 a s  a 

constit uent and b rewer ' s y e a s t  supp lemen� with chromium 

chlor ide at c hromium levels mu ch higher than those found in 

natur a l l y  o c curr ing me dia . The s e  y e a s t s were ob t a ined as 
follow s : 

( a )  Comme r c ially avai l ab le y e ast . 

Two s o ur c e s  were u s e d  for b u lk extra c t ion s ,  a true 

brewer ' s  y e a s t  ( ex -Brewery ) and a Sac c haromyc e s  c erev i s a e  

st rain u s e d  prima r i l y  fo r bak ing . C hromiw .. analys e s  were 

performed on di fferent bat ches of t h e s e . 

( b )  Yeast grown on me d i a  c ont a in ing c hromium -5 1 .  

The y e a s t  s ource for t h e  i s o la t i on o f  c hr omium-51 

lab e l l e d  frac t i o n s  was a s t ra i n  of Sac c haromyc e s  c erevi s ia e  

( emp l o y e d  p rimaril y for brewin g ) grown o n  a c omp l e t e  m ineral 

me dium c ontaining radioa c t ive l y  l ab e l le d  c hromium- 51 . Thi s  

effe c t e d  the in c o rporat ion o f  chromi um- 51 int o  t h e  y e a s t  

c e ll s  and hen c e  made i t  ava i l ab le f o r  c omp l e x  format i on . 

The comp l e t e  mine r a l  me dium was c onst i t uted a s  f o l lows : 

Sugar and Major E l eme nt s :  Glu c o s e  monohydrate 

( 100 g/ l ) , NH 4 C l  ( 1  g/l ) ,CaC12 . 2H 2 0 (0.7 g/1 ) , KC l (0 . 6  g/1) , 

Na 2so 4 ( 0 . 3 g/1) , MgC12 . 6 H2 0 ( 0 . 4  g/1) , Na 2HP 04 .7H 2 0 

(1 . 8  g/ 1 )  and c i t r i c  acid  (1. 8 g/1 ) . 

Minor E lement s :  H 3Bo 3 ( 0 . 5 0 mg/1) , MnC 12 . 4H 2o 

( 0 . 4 7 mg/ 1 ) ,  Fe c 1 3 . 6H2 0 ( 0 . 2 0 mg/ 1 ) , Na 2Moo4 . 2H 2 o ( 0 . 2 0 mg/1) , 

Znc12 ( 0 . 1 9 mg/1 ) , KI ( 0 . 1 0 mg/1) and C a C12 . 2H 2 o ( 0 . 0 2 7  mg/1 ). 

Vitamin s :  Inosit o l  ( 2 . 0  mg/1 ) ,  thiamine-H C l  

( 0 . 4 0 mg/1 ) ,  pyridox ine -HC l  ( 0 . 4 0 mg/1 ) , b i o tin ( 0 . 0 0 2 mg/1) , 

calcium-p antothen ate ( 0 . 2 0 mg/1) , f o l i c  ac id ( 0 , 0 4 mg/1) and 

vit amin B1 2  ( 0 . 1 0 mg/1 ) . 

Radioactive c hromium- 5 1  wa s added t o  a l eve l o f  e a  

5 mCi / 1 . The vi t amins were s t er i l i z e d  b y  mi c r o - fil trat i on 

while t h e  remainder of the me d ium c omponent s were s t e r i li z e d  

b y  aut o c l aving at 1 5  lb/ in 2 f o r  5 minut es . 
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G l uc o s e  addit ions t o  t h e  medium have b e en report e d  

b y  Burkeho l der and Mert z  ( 1967) t o  s t imu l a t e  the upt ake o f  

c hromium- 5 1  b y  t h e  y e a s t  and t his phenomenon was c on s idered 

to  b e  d e s irab l e  here  i n  order t o  increas e  the yie l d  o f  

c hromium- 5 1  c ontaining c omp l exe s ,  thus for the med i um used 

here , addit ion s o f  gluc o s e  ( 1 0 0  g/1 ) were made at day 0 and 

day 8 o f  a 2 5  day inc orp orat ion period . Samp l e s  were removed 

every s e c on d  day for analy s i s . Chromium- 5 1  was det ermined 

by radio ac t ive c ount ing and dry weight s were det ermined b y  

c e ntrifugat i on o f  t h e  y e a s t  p e l l e t  with sub s equent drying 

overni ght in an oven at 8o 0 c . 

( c )  C hromium c h l oride s upplement ed y e a s t . 

Chromium chloride suppl ement ed y e a s t  was prepared, by 

add ing fift y grams o f  c ommer c ia l ly avai lab l e  S a c c haromyc e s  

c er e v i s i a e  t o  1 l i t r e  o f  me dium w i t h  Crc13 . 6 H2o ( 1  g )  and 

t h e  s ame quant it i e s  o f  s ugar and maj or e l ement s ,  minor 

e l ement s and vit amins �s d e s c ri b e d  in the ab ove medium . 

This y e a s t  medium s o lut ion was s haken aerob i c al ly for 1 4  

d a y s  b e fore the cells  were harve s t ed and washed in di s t i l l ed 

wat er t o  remove adhering med i um s o lut ion . 

2.2.2 Chromium d e t e rminat ion 

( a )  So lut i on s  . 

Aqu e ous s o lut ions were anal y s e d  by flame at omi c 

ab s o rption s p e ctropho t ometry u s ing an a c et y lene enric hed 

f l ame . A s l it width of abo ut 0 . 2 n� was used a l ong with 

t h e  c hromium b and o f  3 5 7 . 8  nm . Chromium s t andards were 

prepared from chromic nit rat e s t andard s o lut ion for at omic 

ab s o rp t ion s p e c t ro s c opy and were ac idified t o  2M wit h hydro­

c h l oric a c i d  to minimiz e al ation ( Ro l l inson e t  a l  ( 19 6 7 ) ) . 

F l ame l e s s  at omi c ab sorpt ion spe c t ro s c opy was s omet ime s 

u s ed and was general l y  found t o  have a higher s e ns it ivit y . 

However s o l u t ions c ont aining h i gh c oncent rat ions o f  extra c t e d  

y e a s t  were uns ui t ab l e  for this me thod a s  high bac kground 

r e adings r e s u l t e d . Routine ana l y s es were there fore alway s 

c arried out u s ing f l ame at omi c ab s orpt ion s p e c t r o s c opy . 

( b )  So lid s . 

The f o l lowing wet a shing pro c e dure was u s e d  to 

d e t e rmine the chromium c ontent of s o l id mat erial . Be tween 

five and t en grams of s o l id s amp l e  were we i ghed int o a 2 5 0  pm3 
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pyrex b e ake r and analar n i t r i c  a c id ( 3 0 c m3 ) was added . 

Aft e r  s t irring , t he mixt ure was a l l owed to s t and unt i l  the 

yea s t  had d i s s o lved ( about 1/2 hour ) and the b eaker was t hen 

plac e d  on a hot p lat e and the nit ric a c id was gent ly e vapor­

ated o ff . The s o l id res i due remaining was c harred at a 

great e r  heat . Th i s  samp l e  was t hen placed i n  a muf f l e  furna c e  

a t  6 0 0 ° C overni ght for a s hing . For mo st s amp l e s  t h i s  a s hing 

proc edure did not produc e a uniforn1ly whitL  a sh , t herefore a 

further aliquot o f  nitric a c i d  ( 5  c m3 ) was added t o  the a s h  

and gent ly evap o rated . Re- ashing in t he muf f l e  furnac e for 

2 hours  at 66o ° C produc e d a c l ean wh i t e  ash wh i c h  was suit ­

ab l e  f o r  ana ly s i s . 

This a s h  was then t aken up in b etween 4 and 7 cm3 o f  

2 . 0  M H C l  ( dep ending o n  t he wei ght o f  yeast s amp l e  t aken ) , 

from which the c hromium c onc ent ra t i on was d e t e rmined b y  

at omi c a b s orpt i on spec t r o s c opy . 

( c )  Chromium- 51 d e t e c t i on .  

Chromium- 5 1  l eve l s  were d e t e rmined i n  b o t h  s o l i d s  and 

solut ions by gamma c ount ing us ing e i t her a Pac kard Tri C arb 

or a P a c kard Mod e l  5 2 8 5  Aut o Gamma S c inti l lat i on Sp e c t r ometer . 

Both machines were s e t  t o  maximi s e  c ount ing e f fic iency  which 

wa s 3 . 6 %  and 7 . 0 %  respec t iv e ly . 

2 . 2 . 3  C e l l  breakage tec hniques 

( a )  Bal l  M i l l . 
Both aqueous yeas t s lurr i e s  and dri e d  y e a s t  s amp l e s  

were u s e d  i n  c e l l  breaka g e s  att emp t e d  b y  means o f  the b a l l  

mi l l .  C e l l  breakage was a c h i eved by c ontinu o u s  revo lution 

of a c y l indr i c a l  mil l c on t aining the y east s amp l e  a long wit h 

a varie t y  of marb l e  bal l s  ( diame t e r  range 0 . 5  cm - 1 . 7  c m )  

for p eriods o f  u p  to 4 8  hours . 

( b )  P o l y t ron Homogeni s er . 

Thi s method involved taking aq ueous s lurrie s  o f  y e a s t  

and p ro c e s s ing t hem for up t o  5 minut es . The method r e l i ed 

on ac hieving the c e l l  b r eakage b y  mechani c a l  and high fre qu­

ency p r o c e s s ing . 

( c )  The French P r e s s .  

Aqueous s lurries  o f  y eas t c e l l s  were proc e s s ed b y  

t he Fren c h  Pre s s at pre s s ures o f  e a  7 6 0 0  p s i .  T o  o b t a i n  



1 7  

a n  adequat e c e l l  bre akage, mo s t  y e a s t  s lurri e s  were proc e s s ed 

b y  pass ing t hr ough t h e  French Pre s s  twi c e . The French Pre s s  

a chieves the c e l l  b r e ak age b y  means o f  forc ing t he yeas t 

s lurry through a sma l l  aperture under very high pre s s ure . 

2 . 2 . 4  Ion- e x c hange and gel fi l t rat ion resins . 

Both i on-exchange and ge l filt rat ion r e s i n s  were u s e d  

dur ing t h e  course o f  the i s olat i on proc edure s .  C e l lu lo s e  

i on- exchanger s  ( Whatman DE 2 3  and What man CM 2 3 )  were prepared 

a c c ording to the manufacturers i n s t ru c t i ons . 

For ge l fil t r a t ions Sephadex G l O  and G 2 5  wer e  u s e d . 

The s e  were a l s o  prepared a c c ord i ng t o  the manu fa c t urers 

in s t ructio n s . 

2 . 2 . 5 I s o e le ct r i c  f o c u s ing . 

I so e l e c tric f o c u s ing was unde rt aken in a t ub e  ge l 

s y s t em by preparat i o n  o f  a 7 . 3 1 %  acrylamide ge l b y  mixing 
I 

. 

an aque ous s o lutJon o f  0 . 0 6 5 %  v/v N ,N , N , N  tet ramet hy l e t hy -
' 

l enediamin e , 0 . 1 9 5 % w/v N ,  N met h y l ene b i sac ryl amid e  and 

7 . 3 1 %  w/v a c ry l ami de , 0 . 9 6 %  v/v ampho l y t e  s o lut i o n , 0 . 2 2 %  w/v 
o f  the s amp l e  t o  b e  t e s ted and finally 0 . 0 6 %  w/v p o t a s s i um 

p e r s ulphat e .  Aft er p ouring into  the c y l indr i c a l  g e l  t ub e s  

t h e  ge l s  were a l l owed t o  s t and unt il c ompl e t e l y  r ig i d . The 

g e l s  were t hen p l a c e� in a holder so that one e nd was pro­

t ruding int o an aqu � o u s  0 . 2 % v/v su lphur ic acid s o lut i o n  

while t h e  o ther e n d  protrude d int o a n  aqueous 0 . 4 % v/v 

e thanolamine so lut i o n . The s e  s o lut ions were conne c t e d  t o  a 

p ower supply s o  that t he s u lphur i c  a� i d  solut ion was at the 

anode and t h e  ethan o l amine so l ut ion was  at the c athode . The 

s amp le was  fo cused by  means of  app l y ing a c urrent of  e a  2 . 0  mA 

for a perio d  of about 2 hours during which t ime t h e  mon i t ored 

v o l t age ro s e  t o  ea 3 5 0  volt s . 

Vario u s  c omme r c ial range s  o f  ampholyte s o lu t i on s  were 

availab le w i t h  broader range s encompas s ing pH 3 . 5  - 1 0 . 0  

w hile the narrower r anges b e s t  s u i t e d  for th i s  work were 

t h o s e  c overing the r ange from pH 2 . 5  - 4 . 0  and pH 3 . 0  - 6 . 0 .  

Ana l y s i s  was c arried out b y  s l i c ing dup l ic a t e  ge l s  

int o  0 . 5  cm3 s e c t io n s  for p H  and chromium measuremen t s . 

M e asurement s o f  pH were made b y  washing the ampho l y t e  from 

t h e  ge l with 2 . 0  cm3 of d i s t i l le d  wat er ove r  a 1 hour p erio d , 
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whi l e  t h e  duplicate  gel was u s e d  t o  det ermine the c hromium 

p o s i t i o n  b y  s tanding the g e l  s egment in 1 . 0 c m3 of 2 . 0  M H C l  

o vernight and analy s ing the s o lut ion b y  at omi c ab s orpt ion 

s p e c t ropho t omet ry . Chromium c onc ent rat i on s  were t hen p l o t t e d  

agains t t h e  p H  gradi ent . 
2 . 2 . 6  G e l  e l e c trophor e s i s . 

G e l  e l e c trophore s i s  was undert aken in a t ub e  g e l  

s y s tem b y  preparat ion o f  a c ry lamide ge l s  c omp o s e d  o f  various  

perc ent age s of  acry l amide . The method u s ed was e s s ent i a l l y  

t hat d e s c r ib e d  b y  Or s t e in ( 1 9 6 4 ) . 

2 . 2 . 7  Paper elec trophore s i s . 

Pap e r  elec trophore s i s  was carried out at pHs 6 . 5  and 

2 . 1 . A s t andard marker s o lut i on c ont aining the amino a c i d s  

tryos ine , phenylalan ine , methionine , leuc ine , val ine , argi ­

n ine and l y s ine was run and t h e  d irec t ion o f  flow and ve l�­

c it y  o f  t h e  c hromium s amp l e  was c ompared to t he s e . The 

e le c trophor e t ograms were developed in ninhy drin to enab l e  

det ermina t i o n  o f  t he markers a s  w e l l  as any amino a c i d  c on­

t en t  in t he l oaded s amp l e s . Chromium determinat ion was 

undertaken b y  cut t ing t he p ap e r  e le c t rophoret ogram into 

s e gment s and washing the chromium from t h e s e  with 1 . 0  M H C l  

and d e t erm in ing t h e  c hromium c oncentrat i on b y  atomi c ab s orp­

t i on spe c t ro s copy . 

2 . 2 . 8  But ano l-ac et i c  a c i d-wat er paper c hromatography . 

The mob i l i t y  o f  the ani o n i c  chromium comp l e x  on paper 

was det e rmined in a butanol-ac e t i c  ac id-water s o lvent 

s y s t em made up in the rat i o  o f  5 : 1 : 6 .  The chromat ogram 

was deve loped in ninhydrin and t hen cut and e lu t e d  with 

1M H C l  for c hromium d e t e rminat ion by atomi c  ab sorp t ion 

s p e c t ro s c op y . 

2 . 2 . 9  A c i d  and bas e hy dro l y s i s  for amino a c i d  analy s i s . 

Ac i d  hydroly s i s  was performed with 6 M hydro chloric 

a c i d  for 24  hours at 1 1 0° C in s e aled t ub e s  under vac uum . 

Wat er and H C l  were removed from the s amp le under vacuum in 

a qe s s i c a t o r  over phos phorous p entoxide and s o d i um hydro x i d e  

p e l le t s . The sampl e  was then 't aken up in water and �neut ra­

l i s e�. w i t h  0 . 5  M s o di um hydrox i d e . Base hy dro ly s i s  was p e r ­

formed w i t h  0 . 4  M barium hydroxide for 2 4  hours at 1 1 0° C 

under vacuum . Carb o n  d i ox ide was bubb l e d  t hrough the 
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so lution unt il b arium c arb onat e pre c ip it ation was c omp l et e . 

The aqueous hyd r o l y sate was t hen c o l l e c t ed b y  c ent rifugat ion . 

Both s amp l e s  were  u s ed for . amino a c id anal y s is b y  means o f  

a B e c kman 1 19 B L  amino a c id aut o ana l y ser . 

2 . 2 . 1 0 I n fra-red ,  ul tra-vio l e t  and vis ible s p e c t r a l  ana l y s e s . 

Infra-red ape c tra were d e t e rmined on a P y e  Unic am 

S P 3  - 3 0 0  infra- r e d  spec t rophot omet e r  while t he u l t ra-vio l et 

vis ib l e  s p e c t ra were d e t e rmined on a Shimad z u  MPS 5 0 0  spe ctra- · 1 
photome t er . 

2 . 2 . 1 1 Micro analy s is . 

Micro ana l y s is was kindly c a rr ied out b y  the Depart­

ment o f  C hemis t ry at Ot ago Unive r s ity . 

2 . 2 . 1 2 C arbohydrat e t e s t s . 

( a )  Mo l is c h  t e s t . 

Mo lis c h  r eagent ( a  1 %  s o lution o f  �-napthol in e t h ano l ) 

was u s e d  a s  a qualitat ive t e s t  for t h e  pre s e n c e  o f  c arb ohydr­

a t e . The t e s t s  invo lved adding 0 . 2  c m3 of t he Mo lis ch r eagent 

to a 3 cm3 aque o u s  so lut ion of t h e  s ample t o  be t e s t e d  and 

adding t o  this ( by pouring down t h e  s ide of t h e  t e s t  t ub e ) 

3 cm3 o f  concent rated sulphuric a c id . A po s it ive t e s t  is 

shown b y  a purp l e  or vio l e t  c o l ouration at t h e  int e r fa c e . 

This is c aus e d  b y  the dehydration o f  the c arb o h y drat e b y  the 

c oncent rat e d  s ulphuric a c id t o  form a hy dro x ymet h y l  furfural 

and the re a c t io n  of t his with the �-naptho l to produ c e  t h e  

co l oured cond e n s a t ion produc t .  

( b )  Pheno l-s ulphuric acid t e s t . 

The quan t itative ana l y s is o f  c arboh y drat e s  was d e t er­

mine d by t he phenol-sulp huric a c id t e s t as d e s crib ed by Hirs 

( 19 6 7 ) .  St andard samp l e s  were prepared with g l uc o s e  c on c ent-

1 0- 4 M 6 - 4 84  - 4  ratio n s  o f  0 . 12 x , 0 .  0 x 1 0  M ,  1 .  x 1 0  M and 

3 . 6 8 x 1 0- 4  M and s amp l e s  were e xamin e d  at t he maximum wave­

l engt h for hexo s e s  of 4 89 nm . 

2 . 2 . 1 3 Nuc le a r  magnetic r e s onan c e  s p e c t ro s co p y . 

Where p r a c t ical b o th proton and carb o n- 1 3  spe c t ra were 

det ermin e d  for s amp l e s . B o th t yp e s of spe c t ra were det e rmin e d  

on a JEOL FX6 0 Pul s e  Fou r i er Tran s form Nuc l e ar Magnetic Re s on­

anc e  Spe c t rome t er using a magn e t ic fie l d  o f  1 . 4T with frequency . 1 1 3  t rans mis s ions o f  6 0  MHz f o r  H and 1 5  MHz f o r  C .  



2 0  

2 . 2 . 1 4 Ab s o rb anc e ,  conduc t i v i t y  and pH measuremen t . 

Ab s o rb ance me a s urement s were made u s i n g  a Uni c am S P  

5 0 0  spe c t ropho t ome t er , p H  me a s urements o n  a Rad i ometer mo de l 

2 8  and c onduc t ivi t y  on a Rad i ometer mo d e l  CDM 2 e . 

2 . 3  RESULTS 

The i s o l at i on and pur i f i cat i o n  of chromium c omp l e xe s  

from who l e  y e a s t  was a t t �mpt e d  b y  t hree d i f ferent approache s : 

( 1 )  Bulk e xt ract i on and puri fi cat ion from br ewer ' s  

yeast s o u r c e s  s hown to b e  h igh in chromi um . 

( 2 )  E x t ra c t i on and i s o l ation o f  rad i o ac t i ve frac t i ons 

from y e a s t  grown �n me d i a  c o n t aining c hromi um- 5 1 . 

( 3 )  Extrac t i on and i s o l a t i o n  o f  chromium c omp l e x e s  

from brewer ' s  y e a s t  where t h e  chromium l eve l s  had b e en art i ­

f i c i a l l y  increased  b y  s upplement a t i on o f  the growth me d i um 

with inorgani c chromium ( a s C r c l 3 . 6 H 2 o ) . 

2 . 3 . 1  Bul k  ext ract ion and pur i fi c at i on from brewer ' s  y e as t . 

The yeas t obt ained from the Br ewery and t he S a c c haro­

myces c e revis iae s t rain were ana l y s e d  o n  r e c e i p t  of  each new 

b at ch .  The chromium c on c entrat ions were det ermined b y  the 

wet ashing me thod ( S e c t i on 2 . 2 . 2b )  and the re s u l t s are shown 

in Tab l e  2 . 1 :  

TABLE 2 . 1  

CHROM I UM LEVELS IN BREWER ' S  YEAST USED I N  EXTRACT I ONS 

Y e a s t  s amp l e  

Brewery y e a s t  

S a c c haromy c e s  
c e revi s i ae 

Average chromium 

conc ent rat to n 

�g/g 
0 . 3 8 

0 . 3 2 

Range 

pg/g 
0 . 2 0 - 0 . 7 2 

0 . 1 3 - 0 . 6 4 

O f  the three c e l l  bre akage me thod s d e c r i b e d  t he 

French Pre s s  gave t he b e s t  r e s ul t s . Wh ile t h e  other metho d s  

de s cr ib e d  ( Polyt ron Homogen i s er a n d  Bal l  M i l l )  d i d  have 

advant age s in t e rm s  of eas e o f  ope ra t i o n ,  t h e  h i ghe s t  c e l l  

breakage was found , b y  mi c ro s c op i c  ob s e rvat i on , t o  b e  ret urned 

by pas s age of the y e a s t  s l urry twi c e  t hrough the Fre nch Pre s s . 

Since t he working vo lume o f  the pre s s  was on l y  l O O  cm3 , d i s ­

rup t i on o f  larger volume s o f  y e a s t  s lu rry was t ime c o n s uming 

but was s t i l l  c omp leted more rap i d l y  a nd with h i gher c e l l  
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breakage t han b y  any o t her metho d . 

Separ a t e  aqueou s e xtrac t i ons on the broken y e a s t  c e l l  

homo genat e were carri e d  out , i n  c onj un c t i on with n-butan o l  

and c hloro form , t o  d e t e rmine t he i r  ab i l i t y  t o  a c t  a s  pre c ip ­

i t ant s of e x t raneous mat t er and a l s o  s ol vent s o f  e x t raneous 

mat t e r . The n-but anol was found t o  be s uc c e s s fu l  in s o l ub i l ­

i z ing organ i c  mat e r i a l  b ut t h e  t ot a l  y i eld o f  c hromium i n  

t h e  aque ous l ay er was never bet t er than 3 0 % , with t h e  remain­

ing c hromium b e ing a s s o c i ated w i t h  the large cell deb r i s  o r  

unbroken c e l l s . Wi thin t he l i mi t s  o f  det e c t i on ( 0 . 0 4 ppm ) 

there was no c hromium in the but an o l .  Chloro form wa s ineffe­

c t ive as b o t h  a pre c ip i t at ing and s o l ub i l i z ing �e agent . 

Aqueous extrac t s  o f  broken yea s t  c e l l s alway s produ c e d  h i gher 

c hromium y i e l d s  t han s imi lar e x t r ac t s  on unb roken c e l l s  but 

it s hould b e  noted that unbroken y ea s t  c e l l s  wh en e xt ra c t e d  

w i t h  wat e r  d i d  y i e l d  t race amo un t s  o f  chromium . 

Two type s o f  c hromat ography were used in an at t empt 

t o  i s olate and pur i fy the chromium frac t i on s  in t h e  aque o u s  

extract . DE 2 3  c e l l u l o s e  re s in and a c t i vat e d  char c oal were 

u s ed but t he l ow leve l s  o f  chromium pre s ent in the aque o u s  

e x t r a c t  ( 1 5 pg Cr from l O O  g o f  y ea s t ) meant that analy s i s  

o f  frac t ions  on e lut ion from t h e s e  c o lumns c ou l d  never 

unamb iguous l y  l o c at e  the vari o u s  chromium p e ak s . Thus it 

was ne c e s s ar y  to c hange t o  radi o a c t ive c ount ing of c hromium-

5 1  in order t o  have any chan c e  o f  suc c e s s  in the at t emp t  t o  

deve lop an i s o lat i on pro c edure for t h e  chromium c omp l e x e s . 

2 . 3 . 2  Y e a s t  growth in c hromium- 5 1 -cont aining med i a .  I s o l -

at i o n  o f  chromium- 5 1 -c ont ain ing c omp l exe s .  

The i n c o rporat i on o f  c hromium- 5 1  int o t he y e a s t  s amp l e  

o v e r  a 2 5  d a y  peri od i s  shown in F i gure 2 . 1 .  O n  d a y  2 5  t he 

s u s p ended y ea s t  c e l l s  were cent r i fuge d  and t he y e a s t  p e l l e t  

s o  obtaine d w a s  washed twi c e  in d i s t i l led water t o  remove 

adhering me d i um s o l ut i on from t h e  yeas t . 

Ce l l  c le avage was achi e ve d  u s ing the French Pre s s  and 

t he broken y e a s t  c e l l  s l urry was extracted in a 1 : 1  wat er­

b ut anol mixt ure . By t h i s  pro ce dure fi fty- f i ve p e r c ent o f  

the t g t a l  c h romium - 5 1  was extra c t ed into the aqu e o u s  l ay e r . 

Po l y ethy lene g l y c o l  and ammonium sulphate were t r i ed a s  

p r e c ipitant s in an a t t empt t o  s eparate the c hromium- 5 1 -
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cont aining fra c t i on from h i gh mo l e c u l ar wei ght mat e r i al s u c h  

as  pro t e ins , b u t  w i t hout s u c c e s s . 

Thus in order t o  s eparate the l ower mo l e c u l ar w e i ght 

chromium- 5 1 -c ont aining frac t i on from t h e  e xt rane ous mat e r i a l  

ge l f i l t ration c o lumns were e mployed . The aque o u s  ext ract  

was  c on c ent rat ed b y  fre e z e  dry ing and then app l i e d  s ep arat e l y  

t o  b o t h  S ephadex G l O  and Sephade x G 2 5  c o lumn s . The s e  were 

run u s in g  both wat e r  and pH 7. 7 Tri s -H C l  buffe r  ( 0 . 0 1 M ) . 

However none o f  t he s e  t reatments were ab le t o  s ep arat e the 

chromium from t he e xtran e o u s  mat erial . 

B o t h  anion and c a t i on -e x change c hromatography were 

unde rtaken on the chromium- 5 1 -c ontaining aqueous extrac t 

us ing t he c e l lu l o s e  re s i n s  DE 2 3  arid C M  2 3 . The aqueous 

extract wa s fir s t  l oade d onto a DE 2 3  c o l umn at pH 7 . 7 and 

t he bound mat erial was e l ut e d  with a pH 7. 7 Tri s - H C l  b u f fer 

gradi ent ( 0 . 0 1 M - 1 . 0  M ) . F i gure 2 . 2 a shows the separat i on 

achieved where a b ound ani on i c  frac t i on and a non-binding 

fra c t i o n  are apparen t . ( The v o i d  e lu t i on v o l ume was e a  

l O O  cm3 ) .  

The opt i c a l  d en s i t y  at 2 8 0  nm and the conduc t i v i t y  

me as urement s  are a l s o  shown . The fra c t i on n o t  b ind ing t o  

the DE 2 3  c o lumn , l ab e l l e d  a s  Peak A was then t i trat e d  t o  

pH 5 . 2  and loaded onto a C M  2 3  c o lumn . Thi s  c o l umn was 

e lut e d  w i t h  a pH 5 . 2 s od i um a c e t ate -ac e t i c  a c i d  b u ffer 

gradi en t  ( 0 . 0 1 M - 1 . 0  M ) . F i gure 2 . 2 b shows t h e  separat i o n  

achi eved w i t h  the larger frac t ion not b inding t o  t h i s  c o l umn 

but a s maller chromium frac t io n  d i d  b in d  and was e lu t e d  wi t h  

the s od i um ac e t at e - a c e t i c  ac i d  buffer gradient . App l i c at i on 

o f  Pe ak B to a CM 2 3  c o lumn re s u l t ed in no b inding o f  chromium 

c on t a ining mat erial and h en c e  c onfirmed it s an i on i c nat ure . 

Examinat i on o f  the amount s o f  c hromium- 5 1  under t h e  

peaks B ,  C and D i n  F igure s  2 . 2 a and 2 . 2 b ,  and the pH 

c ondi t i on s  u s e d  in t he s eparat ion gave an ind i c at i on o f  t he 

relat ive amount s o f  cat ioni c , anionic  and neutra l  chromium 

pre s ent . The s e  peak area s  ind i c at e d  t hat t he r e l at i ve amount s  

were : anionic 8 �% ( Peak B ) , c at ion i c  1 %  ( Pe ak D )  an d neut ral 

19%  ( 2eak C ) . I t  mu s t  b e  n o t e d  t hat t h e  elut ion c on d i t i o n s  

u s e d  in t h i s  s eparat i on may no t have b een s uffi c i ent t o  

elute a l l  o f  t he b o und chromium c ontain ing fract i on s  and 



F I GURE 2 .  2 a  

Elu t i on pro f i l e  o f  t he DE 2 3  c o lumn ( 4 . 6  c m  x 1 5  cm) 

aft e r  s ep arat ion of the chromium- 5 1  l ab e lled aque ous 

ext rac t e d  y e a s t  s amp le . The t ub e  volume was 10  cm3 

and t h e  e luent re agent s are de s c r i b ed in the r e s u lt s . 

The c hr omium peaks ( ) are de s ignated 

a s  A and B .  C onduc t iv i t y  ( -·· -· ·-.. - . .  - . . _ . .  _ _ _ _  ) and 

opt i ca l  den s i t y  at 2 8 0  nm ( - - -- - - - - - - - - - -) . 

FIGURE 2 .  2b 

E lu t i o n  pro f i l e  o f  the CM 23 col umn ( 4 . 6  c m  x 15 cm) 

aft er s ep arat ion o f  Peak A int o p e ak s  C and D .  The 

t ub e  v o l ume was 10 cm3 and the e luent reagen t s  are 

de s c r i b e d  in t h e  re s ul t s . Chromium ( -------- ) , 

c ondu c t i v i t y  (-· ·-· ·- · · - ·· - · ·- · ·- · · -) and opt i c a l  den s it y  

a t  2 8 0  n m  (- - - - - - -- - - - - -) .  
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may not have s eparat ed po s s ib l e d i fferent bound c hromium 

fra c t i o n s  from e a c h  other . ( For a d i s c uss ion o f  o t her 

gradien t s u s e d  see s e c t ion. 4 ) . Thi s  work c learly s howed 

however t he maj or aqueou s extract ed c hromium frac t i on to b e  

anioni c  b u t  a l s o  revealed t he pre s en c e  o f  a t  l e a s t  two o t her 

t ype s of c hromium c o ntaining fra c t i o n s  whi ch were c at i on i c  

and neutral ( or c harged chromium c omp le xe s  in� ap ab le o f  

b inding t o  c e l l ul o s e  re s in ) . Since  c hemical c harac t e ri s at i on 

of t he v e ry sma l l  s amples obtained from the radi o a c t ive 

i so la t i o n  was c learly impract i c ab le a t t e mpt s were t hen made 

t o  art i f i c i ally i n c reas e t he amount of chromium i n  the y e a s t  

c e l l  b y  fermen t ing t h e  ye a s t  o n  a me d i um supp lement ed w i t h  

chromium chloride . 

2 . 3 . 3  E x t rac t ion from chromium c h loride  suppl emen t e d  y e a s t. 

A s imilar i s o lat ion and e xt rac t i on pro c e dure t o  that 

u s e d  for t he yeas t grown on c hromi um- 5 1  cont aining me d i um was 

adopte d .  C e l l  bre akage wa s c arried out u s ing t h e  French 

Pre s s , f o l lowed b y  aqueous e x t ra c t i on in a l : l  b u t ano l-wa t er 

mixt ure and chromato graphy o n  a DE 2 3  anion -e x c h ange c o l umn 

at pH 6 . 5 .  F i gure 2 . 3a shows the s ep aration a c h i eved wi t h  

e lut ion b y  a s ingle step p H  6 . 5  Tr i s -HCl  buffer ( 0 . 4 M � . 

Thi s shows the e l u t i on of a bound fra c t i on c ont aining 8 5 0 0  yg 

Cr repre s enting 8 5 %  o f  the t o t a l  c hromi um loaded and a l s o  a 

small c hromium- c ont a in ing fra c t i on no t b inding t o  the c o l umn 

whi ch cont ained 8 0 0  �g Cr re p re s enting 8 %  of t h e  t o t a l  c hrom­

ium . The s e  amount s repre s e nt e d  a 5 0 0  fold incre a s e  in t h e  

aqueous e xt rac t ab l e  chromium o ve r  t h e  l eve l s  obt a i ne d  from 

natural brewer ' s  y e a s t  s ourc e s . The l arge peak whi c h  b ound 

t o  t he DE 2 3  c o lumn was c o n c entrat e d  by fre e z e  drying and 

app lied to Sephad e x  G25 gel f i l t rat i o n  col umn . F i gure 2 . 3b 

shows t h e  s eparat i on of the c hromium into t wo fra c t ions 

( th e s e  were de s i gnated as the high mo l e c ul�r we i ght ani on i c  

fract i on and the low mo l e c u l a r  we i ght anioni c  frac t i on ) . 

The l arger o f  the two peaks , the  h i gh mole cular we i ght an ionic  

fra c t i on wa s s e l e cte d for �urther inv e s tigat ion . Both fra c t ­

i ons a s  aque ous s o lut ions were ' green and on fre e z e  dry ing o f  

the high mo l e cular weight s amp le a gree n  s o l i d  was obtained . 



FIGURE 2 .  3a 

E l u t ion pro f i l e  of t he aqueous e xtract  from t he 

chromium chloride- supp lemented y e a s t  s epara t e d  on 

a DE 2 3  ani on - e x c hange c o l umn ( 4 . 6  cm x 15 cm ) .  The 

t ub e  v o lume was 1 0  cm3 and the e luent reagen t s are 

de s c ri b e d  in the re s u l t s . Chromium (---------------) ,  

op t i c a l  den s i t y  at 2 8 0  nm (--- - - - - - - - - -) . 

FI GURE 2 .  3b 

E lu t i on profi l e  of the b ound fra c t i on from F i gure 

2 . 3a on a Sephadex G 25 c o lumn ( 2 . 8  cm � 8 1  c m ) . 

The t ub e  vo lume was 1 0  cm3 and t he c o lumn was run 

us ing wat er a s  the e luen t . 

Chrom i um ( ) and opt i c a l  d en s i t y  at 

2 8 0  (- -- - - - - - - - - --) . 
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2 . 3 . 4  Ultra-vi o le t , v i s i b l e  and i n fra-red s p e c tra . 

The ultra-v i o l e t  and v i s ib le ab s orp t ion s p e c tra o f  

the h i gh mo l e c u lar weight .anion i c  fra c t ion a r e  shown i n  

2 7  

Fig . 2 . 4 .  I n  t h e  v i s ib l e . s p e c t rum two chara c t e ri s t i c  c hrom­

i um p e ak s  are app arent at 4 1 5  nm and 5 9 5  nm . The 5 9 5  nm 

b an d  h a s  an ext i n c t i on c o e f f i c i ent of ea 3 0  i f  the c omp lex 

is  a s s umed t o  be p ure and to have a mo le c u l ar wei ght o f  

ab out 1 0 0 0 . Thi s  dat a c ompare s favourab ly w i t h  t yp i c al s ix 

co-ordinate c hromium ( I I I )  c omp l e x e s  s uch a s  t he gre en 

Cr ( C l ) 2 C H20 ) � whi c h  has an e x t in c t i on coe ff i c i ent o f  1 6  

and p e ak s  at 4 4 0  nm and 6 3 0  nm . 

I n  the u l tra-vi o l e t  spec trum a peak wa s ob s erved a t  

2 6 2  n m  whi ch on t he b a s i s  o f  the ab ove informat i on would 

have had an ext i n c t i on c o e f f i c ient o f  1 0 9 0 . 

I t  was n o t  easy to ob tain an infra-red s p e c trum a s  

t he s amp le was d i fficult t o  mull and e ven a sp e c t rum d e t e r ­

mined a s  a KBr p e l l e t  w a s  p o or . T h e  only read i l y  d i s t i n gu i ­

shab le charac t e r i s t i c  w a s  a broad p e ak chara c t er i s t i c  o f  

H 2o o r  -OH i n  t h e  region o f  4 0 0 0  cm-
l 

2 . 3 . 5  I s oe le c tri c foc u s in g . 

Re sults  from a var i e t y  o f  ampho l ine s o l u t i on s  showed 

app arent fo cus ing o f  the high mo l e c ular wei ght anionic 

fra c t i on as a s ingle p e ak p o s it i oned well t owar d s  the ano de . 

Figure 2 . 5 a shows a typ i ca l  examp l e  in whi c h  t he chromium 

peak h a s  almo s t  run off t h e  l ower p� end of the ge l .  I n  

thi s ge l t h e  pH range u s e d  w a s  from 3 . 5  t o  6 . 0 .  A l l  the 

i so e le c t r i c  fo c u s ing re s u l t s  were c on s i stent w i t h  t h e  c omp l e x  

b e i n g  h i ghly ani on i c � 

2 . 3 . 6  G e l  e le c t r op hore s i s . 

G e l  e le c t rophore s i s  re sul t s  were generally unrewarding 

in that the high mole cular w e i ght an i on i c  fra c t ion app e ar e d  

/ to run a s  a s ingle p eak . The speed at whi ch t h e  s amp le r an 

ne ce s s i t at e d  in creas ing the a cry l amide c oncentrat ion t o  2 4 % . A 

· t yp i c a l  examp le i s  shown in F i g . 2 . 5b where t h e  speed o f  

the c omp le x  throu gh acry l amide ge l i s  e vident b y  i t s  fas t e r  

moveme n t  c ompare d w i t h  the bromopheno l b lue marker band , 

po s sib l y  s ugge s t in g  a h i ghly charged l ow mo l e c ul ar mas s  

spe c i e s  ( or mixture o f  sp e c i e s ) .  
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FI GURE 2 . 5 a  

P H  ( 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 ) and chromium ( . 
profi le s from an i so e le c t r i c  fo c u s ing g e l  u s ing an 

amphol ine pH range o f  3 . 5  t o  6 . 0  for the h i gh mole­

c u l ar w e i ght an ion i c  frac t i on . 

FIGURE 2 .  5 b  

Pr o fi le o f  the h igh mo l e c u l ar wei ght ani o n i c  fra c t i on 

on ge l e le c trophore s i s  where chromium i s  s hown b y  

( . • ) a s  de termin e d  b y  at omi c ab s orp-

t io n  s p e c t r ophot omet ry . The vi sual appe aran c e  i s  

shown b y  the gre en c hromium b and ( 11 
and t he b romophen o l  b l ue marker b and ( 1111 

) 
} . 
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2 . 3 . 7  Paper e l e c t rophore s i s . 

Paper e l e ct rophore s i s  was run at the pHs o f  6 . 5 and 

2 . 1 .  The re s ul t s  aft e r  deve loping in ninhydrin and ana l y s ing 

for c hromium are shown in F i gure s 2 . 6 a and b .  I t  i s  apparent 

in both c a s e s  t hat the high mo l e c u l ar weight ani o n i c  fra c t ion 

was moving t o ward the anode s o  t ha t  even at pH 2 . 1  it  was  

s t i l l  anioni c .  At the chromium p eak on both ele c t rophor e t o ­

grams there w a s  n o  a s s o c iat ed n inhy drin s t ain ind i c at ing t hat 

the comp l e x  was not a s s o c iated w i t h  prot ein or amino a c i d s . 

2 . 3 . 8  But an o l -ac e t i c  ac id-water p aper c hromatography . 

A ft e r  ninhy drin deve l opment and chromium anal y s i s  i t  

w a s  app arent that virtually n o  movement o f  t h e  c hromium 

c omp lex from t h e  ori gin had o c c urred in thi s s o l vent s y s t e m . 

Again the n inhydrin development s ugge s t e d  that t h e  h igh mo l e ­

c u lar weigh t  anioni c fra c t ion was not a s s o c iated w i t h  amino 

ac i d s . 

2 . 3 . 9  Amino a c i d  analy s i s . 

Alt hough pre l iminary work s ugge s t e d  t hat amino a c i d s  

were not pre s e nt in t he high mo l e c u l ar weight an i on i c fra c t ­

i on s  i t  wa s cons idered worthwh i l e · t o  c arry out an amino ac i d  

analys i s  in c a s e  t he chromium was e ffect ive l y  b l o c k i il g  the 

react ion o f  ninhydrin with any b ound amino a c i d s . However 

r e sult s from t he aut o anal y s e r  d i d  not revea l  any amino a c i d s  

b ut d i d  reveal s ome highly b as i c  b u t  unde fined spe c i e s . 

2 . 3 . 10 M i c ro analy s i s . 
. 

Mi cro analy s i s  r e sul t s  on the high mo l e c u l ar weight 

anioni c frac t i on re c e ived from O t ago Unive r s i t y  were a s  re­

ported in T ab l e  2 . 2 .  The c hromium value was determined by 

at omi c ab s o rp t i on spe c t ro s c opy and dry we i ght det e rminat i on . 

TABLE 2 . 2  

ELEMENTAL PERCENTAGE C OMPOSITI ON OF THE H I G H  MOLE CULAR 

WEI GHT ANION I C  C OMPLEX BY WEI GHT . 

E l ement Percentage o f  t ot al s am_2l e  

c 2 5 . 4 0 

H 5 . 3 4 

N 3 . 8 7 

p 4 . 0 9 

C r  4 . 0  



F I GURE 2 . 6a 

P ap e r  e le c trophore t ogram o f  the h i gh mo l e cu lar weight 

ani on i c  fra c t i on at p H  6 . 5  showin g  t h e  amino a c i d  

mark ers ( 
. 

) a s  de s c r ib ed in met ho d s  

and t he chromium b an d  peak (=================) . 

F IGURE 2 . 6b 

Paper e le c t rophore t o gram o f  the h i gh mo l e c ul ar wei ght 

an ioni c  fr a c t i o n  at pH 2 . 1 s howing the amino a c i d  

marker s ( ___ ) a s  d e s cr ib e d  in method s 

and the  chromium b an d  peak (=================) . 
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Unfortunate l y  oxygen was not d e t e rmin e d  b u t  presumab l y  

mus t  have made u p  a l arge part i f  not a l l  o f  the remaining 5 8 % . 

2 . 3 . 1 1 C arb ohy drat e t e s t s . ·  

( a )  Mo l i s ch t e s t . 

On analy s i s  o f  the h i gh mo le c ul ar wei ght ani onic  

fract i on a faint purp l e  c o louration was ob s erve d at the 

interface b etween t h e  aqueous l ayer and the s ulphuri c  a c i d . 

Thi s  was indi c at i ve o f  a p o s i t i ve t e s t  and the pre s ence o f  

c arb ohydrat e .  

( b )  Pheno l - s u lphur i c  a c i d  t e s t . 

A s t andard curve prepare d from t h e  gluc o s e  c onc ent ra­

t i on s  d e s c ri b e d  in me tho d s  is  s hown in F igure 2 . 7 .  A s o l u t i on 

o f  the green comp l e x  ana l y s e d  b y  t h i s  t e st s howed t hat 7 . 5 x 

1 0- 5 grams o f  s amp l e  cont ained 3 . 0 5 x l o- 7  mo l e s  o f  c arb ohy­

drat e , o r . in t e rms of  gluc o s e  5 . 4 9 x l 0- 5  grams whi c h  would 

repre s ent a gluc o s e  pre c en t ag e  b y  we ight o f  7 3 % of the t ot a l  

s ample . 

I t  mu st b e  n o t e d t hat ne ither o f  the c arb ohydrate 

t e s t s  u s e d  were s pe c i f i c al ly d e s igned for c arbohydrate b ound 

to met a l  i o n s  and b e c au s e  of t h i s  d i f ferenc e s  may h ave o � c ur ­

red part i c ularly in t h e  q uant i t at ive analy s i s  b y  the phen o l ­

s u lphur i c  a c i d  t e s t  d e s cr i b e d  ab ove . 

2 . 3 . 12 Nu c l ear magn e t i c  re sonan ce spe c t ro s c op y . 

F i gures 2 . 8a and b show t he 1H and 1 3 c spe c t ra o f  the 

h igh mo l e c u l ar we ight an i on i c  frac t i on in n2 o .. . Fi gure 2 . 8 c 
1 3 . . 

shows for c ompar i son the C s p e c trum for gluco s e  a l s o  d i s -

s o lved i n  D2 0 .  I f  a s  s eems l ik e ly , the  high mol e c u lar w e i ght 

anion i c  frac t i on c o n t ain s c hromium in t he +3 s t a t e  then t h e  

configurat ion o f  t h e  chromium w i l l  have three unpaired 

elec trons . Thi s  wou l d  c au s e  p aramagn e t i c  l ine b roadening 

i n  the nmr spe c t rum p art i cularly in b an d s  repre s ent ing at oms 

in c l o s e  proximity to the c hromium atom and a l s o  may b e  

expec t e d  t o  cause s ome p aramagn et i c  c on t ac t  s h i ft s . A s in g l e  

peak 4 . 1 7 ppm from t he re ference  T . P . S .  ( 3- ( Tr imet hy l s i ly l ) 

- propane s u l foni c a c i d  s od ium s alt ) was ob s erve d . 

( Fi gure 2 . 8a ) . Th i s  peak i s  mo s t  l i k e l y  due t o  t h e  pre s e n c e  

o f  H 2 o  e ither b ound t o  t he � hromium o r  a s s o c i a t e d  w i t h  the 

s amp l e  in some other way . No C - H  p e ak s  were ob s ervab le in 

t he s p e c t rum . There are s ix d i s t in c t  p e aks i n  F i gure 2 . 8 b 



F IGURE 2 . 7  

St andard c urve u sed in the phen o l - sulphuri c  a c i d  

t es t  f o r  t h e  determinat i on o f  c arbohydrat e concent r ­

at ion . G lu c o s e  c oncentrat i ons for t he s t andar d s  

4 
-4 were b e tween 0 and . 0  x 1 0  M whi l e  the op t i cal 

dens i t y  was  meas ured at 4�9 nm . 
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w i t h  s h i ft s  from t he T . P . S .  referen c e  of 1 0 4 . 0 5 ,  8 0 . 1 9 ,  

7 5 . 16 ,  7 2 . 0 7 ,  6 8 . 6 6 and 6 2 . 8 2 ppm . The s e  c an b e  c omp ar e d  

wi th t h e  gluc o s e  spe c trum shown i n  Fi gure 2 . 8 c w i t h  s even 

peaks at 9 7 . 2 3 ,  9 3 . 3 4 , 7 7 . 1 0 ,  7 4 . 0 2 ,  7 2 . 7 2 , 7 0 . 9 4 and 6 1 . 8 5 

ppm . There i s  a s triking re s emb l an c e  b etween t he two s p e c t ra . 

Without a c on s i de rab le amount o f  furth er work a det a i l e d  

a s s i gnment o f  t h e  13 c b an d s  c an n o t  b e  given . 

2 . 3 . 1 3 Mas s  s p e c t r ometry . 

N o  s en s ib le spe c t rum was obt ained for t h e  high mo l e­

c ular w e i ght ani onic  fract ion a s  t h e  material d i d  not readily 

volat i l i z e . 



FI GURE 2 . 8a 

1H nmr s p e c trum o f  the h i gh mo le c u l ar we i ght ani on i c  

fra c t i on in o2 o .  

F I GURE 2 .  8 b  

1 3  C nmr spe ctrum o f  t h e  h i gh mole c ular we i ght 

an i o n i c  fra c t i on in o2 o .  

F I GURE 2 . 8 c 

l 3 c nmr s p e c t rum o f  gluc o s e  o2 o .  



F I G U R E  ·2 . 8 a  

F I G U R E  2 . 8 b  

F I G U R E  2 . 8 c  

4 . 1 7  

F R O M  T . P . S . ( m )  

7 2 . 0 7  

6 8 . 6 6  

7 5 . 1 6  
6 2 . 8 2  

8 0 . 1 9  

S H I F T S  F R O M  

7 2 .  7 2 

7 0 . 9 4  
7 4 . 0 2  9 3 . 3 4  

6 1 . 8 5  

S H IF T S  F R O M  T . P . S .  ( m )  



2 . 4  DISCUS S I ON 

36 

The two c ommerc i a l l y  ava i lab l e  yeast s had an outward ly 

s imi l a r  appearan c e ,  wi th perhap s t he· Sn:cchar·omyc e s: ·c erevi s iae 

type having a c l eaner appearanc e .  The c hromium leve l s  

var i e d  widely for d i fferent b at c h e s  o f  the s e  two yea s t s  

alt hough a s  shown i n  Tab l e  2 . 1 the average c hromium l e v e l s  

w e r e  very s imi lar . The S .  cerevi s iae type had a sho r t e r  

growth period , or a shorter p e r i o d  i n  c ont ac t w i t h  t he growth 

medi um , than the ex-brewery yeast but wh ether this  c au s e d  

any met ab o l i c  c hange s whi c h  c ould e f fect  t h e  c hromium l ev e l s  

i s  n o t  known . 

Us ing who l e  y e a s t  c e lls  a s  a b as i s  for any ext rac t i on 

and p ur i ficat i on proc edure requi r e s  t hat some method o f  c e l l  

c l eavage i s  u s e d  a s  a f i r s t  s t ep . Best  re s u l t s were a c hieved 

us ing t he Fren c h  Pres s whereby an aqueous  extract i on o f  

c hromium from y e a s t  c e l l s  y i elded ab out 3 0 %  r e c overy on 

average . Taken at fac e  value this perc entage does not s e em 

t o o  p rohib it ive but when i t  i s  real i s ed that t he c hromium 

in t he yeas t doe s not e x i s t  as a uni que c omp l e x  then the 

amount of each c h1·omium fract i on b e c ome s an important fac t or . 

Methods report � d  i n  the ear l i e r papers b y  Vot ava et 

a l  ( 1 9 7 3 )  and Toepfer et a l  ( 1 9 7 7 ) involved a l c oho l -wat e r  

e xt r a c t i on witho ut any c e l l  c l eavage , with Vot ava u s i ng 

n-but an o l  and Toepfer us ing ethan o l .  Re sul t s  det ermined 

here indicate t hat s ome c hr omium c an in fact be ext r a c t e d  

from the y e a s t  c e l l  wi t hout c e l l  c l eavage b u t  t h e  perc entage 

obtained is markedly increased b y  u s ing a c e l l  c l eavage t e ch­

ni q u e . I f  the y east c e l l  wall i s  not ruptured there i s  a 

danger that on ly s imp le c hr omium s a lt s may b e  extra c t ed 

leaving the larger and p e rhaps more int ere s t ing chr om i um 

c omp l exes ret a ined b y  the yeast . I n  a recent paper Kumpulainen 

et a l  ( 1 9 7 8 ) have used a c o ld pre s s for c e l l  d i s in t e grat ion 

c oup l e d  with e t hano l -wat e r  extrac t i on . Va l u e s  ob t a ined b y  

Kump u l a inen for the amount of chr omium extrac t ed , rang e  from 

3 0 %- 5 0 %  whi c h  i s  in agre ement with t he data o b tained in 

the p re s ent work . 

In the p r e l iminary s earch for chromium c omp l e x e s  i n  

yea s t , t h e  prob l ems a s s o c i ate d w i t h  i s o l at in g  a c omp l ex from 

natural b rewer ' s  y ea s t  in amount s  l arge enough for c hara c t �r -
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i s at i o n  e xperiment s b e c ome app arent . A s suming a l O O %  extra­

c t ion of t he chromium in t h e  y e ast and only one c hromium 

c omplex ( o f mol e c u lar w e i ght ab out 5 0 0 ) , t hen i t  would b e  

nec e s s ary t o  take about t hree k i l ograms o f  brewer ' s  y e a s t  

t o  o b t a i n  1 0  mg o f  t he comp l e x . In prac t i c e  however the 

best extract ion ac h i e ved was only e a  5 0 %  and there was a 

l o s s  o f  s amp le o f  ab out 1 0 %  at each o f  t he puri f i c at ion s t ep s . 

A l s o  the i on- ex change c hroma t o graphy undertaken on the aqueous 

extract obtained from y e as t grown on the c hromium- 5 1  c ontain­

ing med i um c learly s howed the pre s enc e o f  at l e a s t  t hr e e  

d i f ferent t ypes o f  c hromium ; anioni c ,  c at i onic  and neut ral 

( Fi gure s 2 . �a and 2 . 2b ) . I t  would therefore have been nec e s ­

s ary t o  t ake many k i lograms o f  yeast  i n  order t o  get 1 0  mg 

o f  any g iven c hromium frac t i o n . 

For thi s  r e a s on the s trat egy o f  growing brewer ' s  y e a s t  

in a med i um c ont a in ing c hromium- 51 was adopt ed . F i gure 2 . 1  

shows t h e  increas e in chromium- 51 inc orporat i on int o  t h e  

y e a s t  o v e r  a 2 5  day incub at i on period . Th i s  d a t a  ind i c a t e s  

that y e a s t once i t  has reached i t s  s t at ionary growt h  phase 

d o e s  as s imilat�  c hromium to  quite a c on s iderab l e  e xt ent . 

The enhan c e d  uptake q f  c hromium- 5 1  brought about b y  gluc o s e  

addi t i o n s  s eems c on s i s t ent wit h t h e  c laims o f  Burkeho lder 

and Mer t z ( 1 9 6 7 ) a l t hough a contro l e xperiment i n  whi c h  no 

gluc o s e  addit ions were made was not undertaken here . I n  t h e  

l i ght o f  later wor k  ( s ee s e c t i on 4 )  the res in and e lut i on 

s y s t ems u s ed here were not i d e al for the i so l at ion o f  r e l a t ­

i v e l y  s ma l l  mol e c u l ar w e i ght c at io n i c  mo lecule s .  A mor e  

d e t a i l e d  e xaminat i on o f  t h e  c hromium c omp l e x e s i s o lat e d  from 

y e a s t  grown on med i a  c ont aining c hromium- 5 1  i s  made i n  s e c ­

t ion 5 .  A t  t h i s  s t age however the ab i l ity t o  b ind and e lu t e 

c hromium-c ont aining fract ions from the yea s t  extract  s erved 

a s  enc ouragement t o  t ry and in crea s e  t he ab s o lu t e  leve l s  o f  

t he var i o u s  chromium fra c t i on s  by a l l owing y e a s t  t o  met ab o ­

l i s e  in a medium w i t h  chromi um c h l o r i d e  a s  a c on s t it uent . 

The me thod o f  c hromium rupp l ement at i on de s cribed ( s e e  

s e c t ion 2 . 2 . lc )  i n  fact  r e s u lt ed in a 5 0 0 fo l d  incre a s e i n  

t he �mount of aqueous- extrac table c hromium over t h e  leve l s  

obt ained from a s im i lar we i ght o f  nat ural brewer ' s  y e a s t . 

Figure 2 . 3a shows the predominanc e o f  anionic chromium 
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mat erial within the c hromium e xtracted , with 8 5 %  o f  the 

c hromium b inding t o  the DE 23  anion- e x change c o lumn . ( The 

fra c t ion whi c h  did not b in,d to the anion- e x c hange c o l umn , 

c ont aining 8 %  of the c hromi um was not further inve s t igat ed . )  

I n  t h i s  re s p e c t  the b ehaviour was s imi lar t o  that obs erved 

for y e a s t  grown on c hromium- 5 1  wh ere e i ght y  perc ent of the 

mat erial e x t racted was anioni c .  Th i s  was a result whi c h  

c ou l d  not h ave been pred i c t e d  s ince the va s t ly d i f ferent 

mo l ar amoun t s  o f  c hromium in the t wo sy s t ems c o u l d  have 

re s u l t e d  in quite d i fferent r e l a t i ve amo unt s of the anioni c ,  

c at ionic and neutral chromium frac t i on s . The anionic  peak 

shown in F i g  2 . 2a when c hromatographed on gel f i lt r a t i on 

c o lumns s p l i t  int o two frac t ions ( F igure 2 . 2b ) . As  the 

h i gh mo l e c u l ar we i ght fra c t i on was now the maj or frac t i on 

i s o lated from the y e as t , it was s ubj e c t e d  to a range o f  

c hemi c a l  c h aracteri s at i o n  t e s t s . It wa s c o n s i dered worth­

whi l e  t o  try and det ermine i t s  chemi c a l  c omp o s i t ion s inc e 

t h i s  would g ive an ind i c at ion o f  t he origin o f  the mat erial . 

The p eak p o s i t i on and the c alc ulated ext inc t ion c o ­

e f fi c ient s hown in t he v i s ib le ab sorp t i on s p e c trum ( Fi gure 

2 . 4 ) ind i c at ed that t he green s amp le was a t yp i c al s ix c o­

ordinat e chromium ( I I I ) c omp l e x . The peak at 2 6 2 . nm found 

here , has a l s o been found in o t h er chromium- c on t aining 

frac t i ons i s olated from y ea s t  e x trac t ( Toep fer et a l  ( 1 9 7 7 ) ) .  

Thi s  has o ft en been att ribut e d  t o  ni c o t in i c  a c i d , ( E  = 2 6 3 0 ) 

but i f  the n i c ot in i c  ac i d  was p r e s ent in t h e  s ame mo lar 

amount s a s  the chromium ( a s d e t e rmined b y  a t om i c  ab sorp t i on 

s p e c t ro s c op y ) t hen t he apparent extinct ion c o e ff i c i ent at 

2 6 2  nm wou l d  b e  10 9 0 . C l e arly the n i c o t inic  ac id i s  not 

pre s ent a s  a l igand b o und in a 1 : 1  mo le rat io with the c hro­

m i um and may be pre s ent o nly a s  an �mpurity . Chromatography 

and gel e l e c t rophore s i s  ( Figure s 2 . 5a ,  2 . 5b ,  2 . 6 a and 2 . 6b )  

/ i n di c at e d  t hat the c hromi um c omp l e x  was ani o n i c  down t o  at 

l e a s t  p H  2 . 1  and prob ab ly a s ingle c omp lex or at l ea s t  a 

mixt ure o f  very s imi l ar c omp l exe s .  The ninhydrin devel opment 

of t he p aper c hromato grams indi c at e d  a very low level  o f  

amino a c i d  o r  pro t e in mat erial . The s e  r e s u l t s  were confirmed 
. .-

b y . ac id and b a s e  hydro l y s i s  fo l l owed by amino ac i d  analy s i s , 

whi ch showed t hat no amino a c i d s  were pres ent . 
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Total c hemi cal char a c t eri s a t ion of t h e  c omp l ex proved 

d i ff i c u l t . No r e l i able r e su l t s were obt aine d from the mas s  

spe c t rometri c d a t a  becau s e · o f t he i nvo lat i l e  nature o f  t he 

spec i e s . 

The phen o l - sulphu r i c  ac id t e s t  clearly s h owed the 

pre s en c e  o f  l arge amount s of carbohydrate in t h e  s amp l e  whi ch 

mu s t  have b e en g l u c o s e  s in c e  t hi s  was the only c arb ohydrat e 

t o  whi c h  the chromium had b een e xp o s ed in the s upplement a t ion 

me dium . When t h e  1 3c nmr s p e c t rum of the s amp le is c ompared 

with a 1 3 c nmr s p e c t rum of gluc o s e the simi l ar i t y  is obvious . 

Both s p e c t ra show the pre s en c e  o f  s i x  carb on a t oms although 

there i s  cons ide rab le l ine bro adening o f  the p eaks in t h e  

comp l e x  and s ome shift s  in t he p e ak p o s it i on s , pre sumab l y  

a s  a r e s ult o f  proximi t y  t o  a paramagnet ic c hromium ion . -
1 Un fo r t un at e ly t h e  H nmr s pe c t rum was not help ful s in c e  the 

only ob s ervab l e  p e ak was a broad H 2 0 p eak at 4 . 1 7 ppm whi c h  

was s o  int e n s e  t hat any C - H  peak s were ob s c ure d . 

The nmr s pe c tra ( Fi gure 2 . 8 a , b and c )  and the c arbo­

hydrat e t e s t s  s trongly s ugge s t  t hat the chromium c omp l e x  

had gluc o s e  a s  i t s  predominant l i gand type . 

A pos s ib l e stru c t ur e  for the c hromium gluc o s e  comp lex 

i s  shown b e low ; 

3 -

To dat e no s imi lar gluc o s e  c omp l e x  has been report e d  in the 

l i t erat ure , however Angya l  ( 1 9 7 1 ) has shown t hat s ugars with 

the c orre c t  s equence o f  hydroxy groups wi l l  form c omp l e x e s  
. 2+ 2+ 2+ + + wi t h  s ome met a l  1 ons . ( C a  , Ba , Mg , Na and K ) . Co-ord-

inat io n  through two oxygen atoms for each o f  the thr e e  gluc o s e  

mo l e c u l e s  wi t h  sub s equent l o s s  o f  2 protons p e r  l i gand would 



re s ult in a c omp lex w i t h  three negat i�e charge s and henc e 

c ons iderab l e  anioni c c harac t e r . A s  the prot ons on t h� 

gl u c o s e  mo l e c ul e s  are not very a c i d i c , formation o f  such a 

c omp lex would have t o  oc cur b y  b inding o f  t he -OH group s t o  

the chromium through t he oxygen fol l owed by t h e  e x p u l s ion 

o f  a proton for each b ound oxygen a t om . 

The percent age o f  c arb o hydrat e i n  thi s prop o s e d  

anion c an b e  c al c u l a t e d  as 9 1 % , whi c h  i s  larger t han t h e  

value o f  7 3 %  found b y  the · phen o l - s u lphuric a c i d  t e s t . I t  

mus t  b e  rememb ered h owever that this  propo s e d  an i on when 

in a s o l i d  form mu s t  be ac c omp anied by a c ount er ion and 

thus the p erc entage c arbohydrat e  would be redu c e d  depending 

4 0  

on the s i z e  o f  t he c ounter ion . A l so any impur i t i e s  as s o c ­

iated w i t h  t h e  gre e n  mat erial would res ult i n  a d e c r e a s e  in 

t he value det ermined for the carbohydrat e perc ent age . Impur­

i t i e s  mu s t  be pre s e nt in the form of nit rogen and pho sphorous ­

c ont aining c ompounds t o  a c c o unt for their pre s e n c e  in t he 

mi cro -ana l y t i cal r e s u l t s . S i n c e  the ident i t y  o f  t h e  c o unter­

ion and the nature of the po s s i b l e impurit i e s  is  not known 

c alc ulat ions  of the e l ement al p e r c entage c o 1po s i t i on o f  t he 

prop o s e d  s t ruct ure e a� not b e  compared quant i t at i v e l y  with 

the experiment al values . ( Tab le 2 . 2 )  The d at a are not 

however i n c on s i s t ent with t he propo s ed stru c t ure . 

The b io l ogi c al ac t ivit y o f  the i s olated ani on i c  c om­

p lex i s  reported in s e c t ibn 4 .  It  should b e  n o t e d  t hat s u c h  

a comp l e x  c ould b e  formed b y  react i on o f  the c hromium w i t h  

t h e  gluc o s e  i n  the med ium and n e e d  not resu lt from any met a­

b o lic a c t i o n  o f  t he yeast . It woul d  s e em then t ha t  the 

fract ion s of b i o lo g i c al int e r e s t  may b e  the minor fra c t ions 

which are neutral o r  c at ioni c .  
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SE CTI ON 3 

THE C ARBON DI OXIDE P RODUCTI ON FROM YEAST ACTIVI TY A S SAY ; 

ESTABLISHMENT AND THE ANALY$IS OF P ARAMETERS . 

3 . 1 INTRODU CTION 
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During t he deve lopment o f  any i so la t i on pro c edure t he 

ne ed for a re l i ab le and re latively s pe c i fi c  a s s ay s y s t em whi ch 

c an be ut i l i ze d  on a rout ine bas i s  with l arge numb er s  o f  

s amp le s , soon b e c omes apparent . In the previous s e c t ion 

s uc c e s s ful i s o l at ions were as s e s s ed in t erms of the amount 

of c hromium d e t e c t e d  by a t omi c ab s or p t i on spe c t r o s c opy and 

not g l u c o s e  t o le ran ce fa c t or a c t i v i t y . G lu c o s e  t o l er an c e  

fac t or ( GTF ) has b een de �ined b y  S c hwar z and Mer t z  ( 1 9 5 7 )  a s  

t h e  fac t o r  ne c e s s ary t o  prevent t h e  impairment o f  t h e  rate o f  

g l uc o s e  removal in rat s . Thi s de fin i t ion wa s propo s ed after 

Me rt z and S c hwar z ( 1 9 5 5 ) found that rat s fed on a diet  in 

whi c h  the s o l e  prot ein s ource used was  Amer i c an Torula y e as t , 

deve loped an i mpaired rat e  of remo val o f  e x c e s s  b lo o d  g l uc o s e . 

The impairment de t e c te d  t o ok t he form o f  a d e c re a s e  from the 

norma l rat e o f  r emoval of  Ll . l % o f  t he e x ce s s  b lood gluc o s e/ 

minute o f  the l ower rat e of 2 . 8 % of e x c e s s  b l ood gluc o s e/ 

minu t e .  S chwar z and Me r t z  ( 1 9 5 9 ) c la imed that hydr o ly s a t e s  

o f  brewer ' s  y e a s t  or p o r k  k idney p owder when f e d  o r a l l y  in 

the d i e t , or b y  a s t oma ch tub e d  d o s e , were c apab le o f  r e s t o r­

ing the e x c e s s  b lood glu c o s e  removal rate t o  normal . Chromium 

was later c lai me d  t o  b e  t h e  a c t i ve i�gredi en t  c ontained in 

both hydro l y s a t e s  and in fact i t  was c laimed t hat we t a s hing 

in HN0 3-H2 s o 4 did not de st roy t he a c t ivity . Various  chromium 

s a l t s were a l s o  s hown t o  b e  a c t ive in thi s r e s pe c t . I t  i s  

on the bas i s  o f  t h i s  a s s ay that t h e  concep t o f  a gluc o s e  

to le ran c e  fac t o r  was o r i g inal ly prop o s ed . 

A s im i l ar as s ay s y s tem has been pub l i s hed more r e c en t ly 

by T uman et al ( 19 7 8 )  in whi ch a d iab et i c  s tr a in of mi c e  wa s 

u s e d  t o  mon i t or the e ffe c t  o f  glu c o s e  toleran c e  fa c to r  ( pre� 

par e d  a s  an extract from yea s t ) on the blood gluc o s e  leve l s . 

S im i lar r e s ul t s  t o  t ho s e  o f  Me rt z and Sc hwar z were ob t ained 

with an interp e ri t oneal  inj e c t i on of this  GTF produc in g  lower 

b lq o d- p lasma g l uc o s e l e ve l s . 

I n  order t o  l o c a t e  the GTF c ont aining fra c t i ons mult �  

ip l e  act ivity  a s s ay d e t e rminat ions  from var i ous chromat o grap hi c 



me thods are required and c le a r l y  the above a s s ay s y s t ems 

would pro ve to be far t o o  t ime c onsuming for rout ine u s e  in 

l arge numb e r s . For t h i s  r e a s on various  other a s s ay sy s t ems 

for GTF have been inve s t i gat e d  and tho s e  u s e d  t o  date are : 

( a )  adapt at i on o f  the s t andard epi d idymal rat fat 

pad a s s ay monitoring gluc o s e  up t ake or c arb on d i oxide pro­

duc t ion . 
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( b )  modi f i c at i on o f  t he epididymal rat fat pad a s s ay 

by u s ing i s o lated adip o c y t e s  a s  the t i s sue s ourc e . 

( c ) meas urement o f  t he rat e o f  c o 2 produc t ion during 

y e a s t  ferment at i on under anaerob ic c ond i t ions . 

Mer t z  et al ( 1 9 6 1 )  u s ing ep idi dymal fat t i s sue o b t a ined 

from rat s which had b een rai s ed on a c hromium- d e f i c i ent d i e t  

and was therefore supp o s edly GTF de f i c i ent , mon i t ored the 

gluc o s e  upt ake and t h e  e ffe c t  on this  o f  add i t i ons of chromium 

and insul in . I t  was found t hat the addi t i on o f  c hromal um 

( cr 2 ( so 4 ) 3 . K 2 so4 . 2 4 H 2o )  in crea s ed the rate o f  gl uc o s e  up t ake 

from 32 � g  o f  glu c o s e/ l O O  mg o f  ep i d i dymal fat/hour ( for t h e  

control ) t o  62  pg/ 1 0 0  mg/hr when an i n s u l in level o f  0 . 1  mU/ 

flask was u s ed . Th i s  repre s ent ed an inc re a s e  o f  9 4 % . In a 

s imi lar e xperiment Mert z and Rogin s k i  ( 1 9 7 1 ) mon i t ored c o2 
produ c t i on from the e p id i dymal fat t i s sue and det e rmined t h e  

e ffect  o f  glucos e t o lerance fac t or o n  th i s . The i r  dat a s howed 

t hat in t he pre s en c e  of insul in ( 1  mU per flas k ) , the rate 

of co 2 production was increa s ed by addition of GTF from 6 0  nmo l e s  

c o 21 1 0 0  m g  epidi dymal fat t o  1 1 5  nmol e s / 1 0 0  mg - a n  increas e  

o f  9 2 % . Unfortunat e ly the c hromium leve l  o f  the GTF u s e d  

i n  t h i s  s tudy was no t ind i c at e d . Thi s s y s t em then b e c ame 

the s t andard as s ay for many o f  the earlier GTF a c t iv i t y  d e t er­

minat ions c arri e d  out in var i o u s  laborat ori e s . 

A mo dified a s s ay u s in g  i s olated ad i p oc yt e s  in p lac e 

o f  who le p i e c e s  o f  e p i d i dymal fat pad t i s sue , has b ee n  inve s t ­

i gat ed b y  Ander s on e t  al ( 19 7 8 )  and C 9 7 9 ) . U s in g  adipo c y t e s  

prepared from ep i d i dymal fat pads from rat s whi c h  were rai s e d  

o n  low c hromium d i e t s enab l e d  a homogene o u s  t i s su e  s o ur c e  

t o  b e  u s ed for each s amp le t o · b e  as s ay ed . Th i s  overcame t h e  

prob lem o f  variab i l i t y  in d i f ferent p i e c e s  o f  t i s s ue whi c h  

i s  inherent in the fat pad a s s ay . I n  the mod i f i e d  as s ay 

a ddit ion o f  insu lin t o  the adipocyt e s  was again ne c e s s ar y  s o  



that t he act i v i t y  cou l d  b e  determine d  by me as uring the rat e 

o f  co 2product io n  for as s ay e d  s amp l e s  as c ompare d· with c on­

t ro l s  whi c h  had only the i n s u l in adde d . Thi s a s s ay showed 

no a c t ivity t ow ards s imp l e  chromium c ompound s  s u c h  as Crc 1 3 
but again was n o t  spe c i fi c  for a u n i que chrom i um c omp l e x  

s in c e  various synthet i c  c hromium c omp lexes ( er-ni c o t in i c  

a c i d  - g lutathi one , and er-n i c ot in i c  acid - g l y c ine ) a long 
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with t he GTF p repared from y e a s t  extract a l l  s howed s imi l ar 

a c t i v i t i e s . I n  a l l  c as e s  the rat e o f  14co2  produ c t i on showed 

app roximat e l y  3 0 0 %  enhanc ement as c ompared to the c on t r o l s .  

A d i fference b et ween the s p e c i fi c i t i e s  of t h e  two fat c e l l  

as s o c i at ed a s s a y s  is  apparent . The a c tivi t y  s hown b y  c hromalum 

in the who le fat pad a s s ay s eems incons i s tent with the fact 

that no. act ivi t y  was produc e d  by s imp le s a l t s  in t he i s o lated 

adip o c y t e  a s s ay . No dat a has b e en pub lished for tne a c t i v i t y  

of c hromalum in the mod i f i e d  a s s ay . A di s turb ing feature of 

the a s s ay us ing i s o lated adipo c y t e s  is its requi rement for 

the a s s ay me d ium to be Kre b s  Ringer Phosphat e buffe r . I f  

Kre b s  Ringer B i c arb onat e b u ffer i s  u s ed the rate  o f  1 4 co2  
produc t i on i s  s im i lar f o r  c ontro l s  and GTF s amp le s .  On ly 

when the Kreb s Ringe� Pho sphate buffer is  u s e d  do e s  t h e  

di s t in c t ion b e t we en the c ontro l s  and the GTF s amp le b e c ome 

apparent . 

The t hi r d  as say s y s t em u s ed d o e s  not o b v i ou s ly invo lve 

the s upp o s ed s i te o f  G TF a c t i on as u s ed in t he o t her two 

type s but u s e s  b rewer ' s  y e a s t . As br ewer ' s  y ea s t  is c l a imed 

to be one o f  t h e  ri che s t  s ourc e s  o f  GTF , it would s eem reason­

ab le t o  as s ume t hat the G TF mus t  have some b i o l o g i c a l  fun c t i on 

t o  perform in t h e  yeas t . Thus a c ompari son o f  the b a s a l  

ferment at ion r a t e  of a chromium-de f i c ient y e a s t  w i t h  that 

obs erved when an add i t i o n  of GTF has  been made should p ermit 

the d-tt_tect ion of GTF s amp le s . Burkeho lder and Me rt z ( 1 9 6 7 )  

f ir s t  e xplored t h i s  i de a  when they d i s c overe d that GTF fract ­

ions prepare d from yeast  increased t he rat e o f  c o 2  produc t i o n  

during ferment at i on b y  s ix t e e n  h o u r  o ld ,  c hromium - de p l et e d  

y e a s t  c ul ture s b y  up t o  46-.% whEm c omp ared w i t h  c ont rols . In 

marked c ont ras t when so c al l e d  inorgani c chromium ( II I ) 

solut i on s  at c o n c ent rat i ons up t o  1 0  ng Cr/ c m3 were added t o  

the ferment at i on mi xture t h e  s t imul at ion in t h e  rat e o f  co 2 



produc t i on was only 5 %  c ompared with t he c ontro l s . At c on­

c entrat i on s  o f  c hromium ( I I I ) great er than t h i s , r e t ardat i on 

o f  the rat e o f  c o 2 evo lut ion o c c urs . 
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More rec ent l y  Mirsky e t  a l  have used a c hr omium�de p l e t e d  

y e a s t  fermentat i on a s s ay t o  moni tor the b i o l ogi c a l  a c t i vi t y  

o f  chromium- c ontain ing fra c t i ons obt ained from c ommerc i a l  

y east extract s .  They were ab l e  t o  s how an enhanc ement i n  

t he rat e o f  co 2 produ c t ion f o r  t h e i r  act ive frac t ion ( de s i gn­

at ed as GTF ) in s everal yeast  s t rains grown on c hromium­

dep let e d  med i a .  Under opt imum c ondi t ions their G TF fra c t i on 

increas ed the rat e o f  co2 produ c t i on b y  2 3 0 %  over c ontrol  

rates and the  amount o f  co 2 produced was d i re c t ly re lat ed to  

t he amount o f  gluc o s e  used by t he c e l l s . 

Control experiment s were c arri ed out whi c h  i t  has b e en 

c laimed s howed t hat t he GTF frac t i on c ont ained n o  fermentab l e  

subs trat e s  o r  s t imulat ory vi t amins . Mirsky et a l  hypothe s i s e d  

t hat the e ff e c t  o f  GTF was on t h e  amount o f  gluc o s e  ent ering 

t he c e l l  and not on its met ab o l i sm s ince GTF did not enhan c e  

t h e  rat e o f  co 2 produc t i on b y  c e l l - free extract s  ( which s t i l l  

undergo g ly c o ly s i s ) .  

A s  would b e  expec t ed , t he enhanc ement o f  c o 2 produ c t i on 

depended on the amo unt o f  GTF added t o  the rea c t i on mixt ure 

( in t erms o f  chromium conc entrat ion ) in a more or l e s s  hyper­

b o li c  fas hion , the maximum e f f e c t  b e ing reached a t  6 ng Cr/cm3 . 

This r e s u l t  ind i c at e s  a s at urat i on e ffect . 

I norganic c hromium s a l t s  and s ome well  c harac t er i s e d  

c hromium c omp l e x e s  ( 6 - 1 5 0  n g  c r 3+/cm3 ) were found t o  give 

no s t imul a t i on o f  the rat e of co 2 product ion even after 

prolonged c onta c t  with t he y e a s t  c e l l s  showing t hat the a s s ay 

was s pe c i f i c  for t he GTF fra c t i on . 

Thus i t  app ears t hat t he yeast  fermentat i on a s s ay 

repre s ent s a fas t and reasonab l y  s p e c i fi c  a s s ay for the b i o ­

l ogical a c t ivity o f  GTF frac t i ons . To the auth o r s  knowl edge 

no inorgani c  chromium c omp l e x  so far report ed has  s i gni f i c ant 

act ivi t y  in the y e as t a s s ay with t he except i on of the s y nth e t i c  

mixture report e d  by Toep fer et a l  ( 1 9 7 7 ) . 

In s ummary , o f  the three a s s ay sy s t ems d es c ri b e d  none 

c an c laim to be meas uring the d e fined ac t iv i t y  o f  the g l u c o s e  

t o leran c e  fac t or and all have shown s ome degr e e  o f  non-s p e c i fi -



4 5  

c i t y  toward c hromium c omp ounds o f  various types . However 

each can be u s e d  a s  a method of q u i c k l y  s c re ening a l arge 

numb e r  of s amp l e s . Whi le each s y s t em has it s own p ar t i c u l ar 
I 

meri t s and fai l ings , t he assay ,s y s t em adopted here was t hat 

of moni t oring the rat e of co 2 produ c t i on o f  y east  during 

fermentat ion . 

Dr Z v i  Dori ( Te c hnion In s t i t ue � Hai fa , I s ra e l . )  has 

kindly provi d e d  a s amp l e  of hi s y e a s t  culture used i n  h i s  

fermentat ion a s s ay whi c h  :has b e en u s e d  t o  e s t ab l i s h  a s imi lar 

a s s ay . Thi s  as say c an be used as a s c reen for t he var i o u s  

chromium containing fra c t ions i s o l ated i n  the c our s e  o f  t h i s  

work s o  that p o t ent ia l l y  int ere s t ing frac t ions c an b e  s ingled 

out for further s t udy i n  an att empt t o  ident i fy the glu c o s e  

t o l erance fac t or . The re�ults  rep ort e d  i n  t h i s  s e c t i o n  re lat e 

t o  the e s t ab l i s hment o f  t he act ivity  as say . 

3 . 2  METHODS AND MATERI ALS 

3 . 2 . 1  Yeas t . 

A s t rain of the yeast Sac charomyc e s  c erevi s i ae wa s 

u s e d  in a l l  a s s ay d e t e rrninat i on s . Th i s  was k indly s upp l i ed 

by Dr Z .  Dori ( Te c hnion Inst i t ue , Hai fa , I s r ae l )  and was 

found by him to give a h i ghly s e n s i t ive as s ay . ( Mi r sky e t  a l  

( 1 9 8 0 ) ) 

3 . 2 . 2  Pre-as s ay growt h . 

The y e a s t  was made chromium d e f i c i ent b y  thr ee s uc c e s s ­

ive growt h s  o n  a l i qu i d  medi�m ( l O O  �m3 ) c ons i s t ing o f  y e a s t 

nit ro gen bas e w i t hout amino a c i d s  ( 6 . 7 g/l) and gluc o s e  mono­

hy drat e ( 2 0 . 0  g/ 1 ) . S t at i onary aerob i c  growt h c on d i t i ons 

were u s ed with the s uc c e s s ive inno c u l at ions o c curring a s  near 

t o  t he b e ginning o f  the previous s tat ionary growt h pha s e  a s  

po s s ib le .  Chromium was unde t e c t ab le i n  a w e t  ashing pro c edure 

c arried out on y e a s t  grown by t h i s  method . The det e c t i on 

l im i t  was e a  0 . 0 4 �g C r/g o f  s amp l e . 

3 . 2 . 3  As s ay growth . 

A 0 . 1  cm3 s amp l e  from the final pre-as s ay growt h wa s 

us e d  t o  inno c u l at �  the de fine� growt h med ium . Thi s  medi um 

was consti tut e d  as fo l lows : Sugar and Maj or E l ement s : · 

CaC1 2 . 2H20 ( 0 . 1  g/1 ) , ( NH 4 ) 2so 4 ( 5 . 0 g/1 ) ,  MgS0 4 . 7H 20 ( 0 . 5  g/1 ) , 

NaC l ( 0 . 1  g/ 1 ) , KH2 P o 4 ( 0 . 0 8 5  g/ 1 ) , K 2HP0 4 ( 0 . 01 2 5  g/ 1 )  and 

g lu c o s e  monohy drate ( 2 0 . 0  g/ 1 ) . 
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V i t amins ; t h i amine hydro chloride ( 1 . 2 5 mg/1 ) , v i t amin 

B
12 

( 1 . 25 mg/ 1 ) ,  c a l c i um p ant o t h enat e ( 1 . 2 5 mg/ 1 ) ,  n i c o t i n i c  

a c i d  (1 . 25 mg/1 ) ,  pyridoxal pho spate ( 0 . 2 5 mg/1 ) ,  p ara-amino­

b en z o i c  ac i d  ( 0 . 2 5 mg/ 1 )  in o s i t o l  ( 0 . 2 5 mg/ 1 ) ,  fo l i c  ac i d  

( 0 . 0 2 5  mg/ 1 )  and b i o t in ( 0 . 2 0 mg/ 1 ) .  

Growth cond i t i on s  were again s t at ionary aerob i c . The 

normal growt h t ime was 18-2 0 hours depending on the y e a s t  

c oncent rat ion o f  t h e  l i qu i d  inn o c ulum . Th i s  growt h t ime 

re s tri c t e d  t he y e a s t  t o  the l o garithmi c pha s e . 

3 . 2 . 4  Harve s t ing and c e l l  c on c e ntrat i on d e t e rminat i on . 

Ce l l  harve s t in g  wa s perfo rmed b y  c e nt r i fugat ion at 

4 0 0 0  g for 5 minute s .  Two wat e r  wa she s were c arried out t o  

e l iminat e any remaining growt h medium c on s t i t uent s b e fore 

t ak ing t he yeast  c e l l s  up in pH 5 . 7 5 phosphat e buffer 

( 0 . 0 6 3  M )  for c e l l  numb e r  and a s s ay me asurement . 

A requirement o f  the a s s ay was a cons t ant yeast  c e l l  

concent rat i on and t o  fac i l i t a t e  the determinat i on o f  t h i s , 

a s t andard c urve o f  opt i cal  de ns ity aga in s t  c e l l  conc entrat i o n  

was prep are d  ( Figure 3 . 1 ) .  Thi s was e s tab l i s hed u s ing s t an­

dard c e l l  c ount ing t e c hnique s on a hemacyt ome t e r . 

3 . 2 . 5  S t andard a s s ay : 

The Warb urg manome t r i c  t e chn ique was u s e d  t o  mon i t o r  

co
2 

produ c t i on from y ea s t  unde r  the f o l lowing s t andard c on-

d i t ions . 
3 FLAS K : 2 . 0  cm o f  chromium-de f i c i e nt y e a s t  ( 1 . 5  x 

1 0
8 ce l l s /cm3 ) in pH 5 . 7 5 p ho s phat e b uffer ( 0 . 0 6 3  M ) . 

S I DE ARM : 0 . 4 cm3 o f  g l u c o s e  s o lut i on ( 0 .126 M or 

2.5 w/v ) , 0 . 1  cm3 o f  the s amp l e  to b e  a s s ay e d . 

WATER BATH TEMPERATURE : 3 0°C .  

Aft e r  loading , t he Warburg flask was purged with 

n i t rogen ( o xy gen fre e ) for t hree minut e s  t o  ensure t hat o n l y  

anaerob i c  growt h c on d i t ions  prevai l e d  throughout the a s s ay . 

3 . 2 . 6  Wat e r  puri t y . 

Re d i s t i l le d ,  d i s t i l l ed-de ioni s e d  wat e r  w i t h  a c ondu c t ­

i v i t y  o f  e a  0 . 6  �mho w a s  u s ed for harve s t ing o f  the ce l l s  

and i n  a l l  y east growt h and a i s ay me di a . 



FIGURE 3 . 1 

S t andard c urve s  u s e d  in t h e  rout ine de t e rmina t i on 

o f  y e a s t  c e l l  c oncentrat i on after t he growth in t h e  

de fine d med ium and pr i or t o  a s s ay . Opt i c al den s i t y  

as  d e t ermine d from t h e  K l e t t  reading i s  s ho wn 

( e e )  a long wi t h  the o p t i c al den s i ty 

de t e rmin e d  on an Un i c am S P 5 0 0  at 5 4 0  nm ( 0··· · . . . . . . . . 
. . . . . . . . ... 0 ) .  
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3 . 2 . 7  C a l c u lat ion and int e rp r e t at i on o f  d at a . 

Manomet er h e i gh t  reading s , after adj us tment for atmo s ­

pheric p r e s s ure var iat ions . re c o rd e d  o n  the thermo b ar , were 

c p nverted i n t o  nanomo l e s  o f  c o 2 produced by means of t he 

f o l lowing formu l a . 

( V  + V ) 2 7 3  + V X I 
nmo l e s  o f  c o2 

= F M T 1  S 1 0 0 0  h 

= 

= 

= 

= 

I 
h = 

F l a s k  vo l ume ( cm 3 ) 

Manome t e r  volume ( cm3 ) 

Vo lume o f  as s ay m i x  ( normally 2 . 5  c m 3 ) 

Part i cu lar s o l ub i l i t y  gas c o n s t ant ( norma l l y  
0 . 6 6 5  for c o2 at 3 0 3  K )  

Manomet e r  height ( cm3 ) 

T = Wat e rb a t h  temperature in Kelvin ( norma l l y  3 0 3K )  

The s e  values are p l o t t e d  agains t  t ime . Aft er a l ag 

pha se o f  up t o  6 0  minut e s  act i ve samp l e s  showed a great er 

c o 2 produ c t i o n  rate t han d i d  a b u ffer con t ro l . C arb on d i o x i de 

p r o duc t i on rat e s  were . c al c u l a t e d  from the near l inear port ion 

of  t he curve s een i n  the l a s t  90  minutes  of  the 3 2 0  minut e s  

for whi c h  t h e  a s s ay w a s  run . 

The per ce nt age e nhan c ement o f  the s amp l e  was c a l c u l at e d  

a s : 

nmoles co2/min of sample - nmoles co2/min of phosphate buffer control x 1�� 
nmo l e s  o f  c o 2/min o f  pho s phate buffer c ontro l 

Where c ompari s on b etween di fferent c onc ent rat ions o f  

c hromium was require d t he a s s ay was quant i fi e d  b y  e xp re s s in g  

t h e  act ivit y as  a spe c i fic  a c t i v i t y , calculated a s  perc ent age 

enhancement/ l O O  pmo l e s  of chromium . 

3 . 2 : 8  Prep arat ion o f  an a c t ive s ynthe t i c  c omp l e x . 

Ext r a c t ions c arried out b y  Toep fer e t  al ( 1 9 7 7 ) from 

brewer ' s  y e a s t  reve a l e d  trace quant t t i e s  of n i c o t i n i c  a c i d , 

g ly c ine , g l u t ami c a c i d  and c y s t e ine a l ong with c hromium . 

To e p fer e t  a l  have p ub l i shed a p r o c e dure for the preparat i o n  

o f  s ynthet i c  c hromium c omp le xe s whi c h  are formed b y  reac t ant s 

i n  t he mo l ar rat i o  o f  chromium : ni c o t ini c a � i d : gly c ine : g l ut ami c 
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a c i d : c y s te ine o f  1 : 2 : 2 : 1 : 1 .  They c laim t hat t h i s  pro c edure 

y e i l d s  a solut i on who s e  propert i e s  mimic tho s e · o f GTF i so lat e d  

from y e a s t  extra c t s  i n  t e rms o f  b i o l o gical a c t ivity i n  a rat 

fat pad b io a s s ay and in s p e c t ro s c op i c  propert i e s . The pro c e­

dure d e s c ribed here i s  b a s e d  on t hat o f  Toe p fe r  e t  a l  w i t h  

the mo d i fi cat i on s  de s c r i b e d . Fift y  grams o f  Cr 2 C so 4 ) 3 were 

di s s o lv e d  in 8 0 %  et hanol ( 7 5 0  cm3 ) c ontain ing a c e t i c  a c i d  

( 2  cm3 ) ,  ne utra l i ze d  t o  pH 7 . 0  with NH 4 CH . N i c o t in i c  a c i d  

( 4 . 0  g )  was add e d  t o  the f l a s k  and t he mi xt ure was re fluxe d 

for 1 . 5 - � hours , S o lub i l i zat ion wa s pres umab ly incomp l e t e  

s ince a grey- green pre c ipi tate was app arent a t  t h e  bas e o f  

the re flux flask a t  the end o f  thi s t i me . G l y c i ne ( 2 . 4 g ) , 

L-glut ami c a c i d  ( 2 . 4  g )  and 1- c y s t e ine-HCl were t hen adde d 

and t h e  mixture s t i rred under reflux for 1 8  hour s . The 

s o lut i o n  was then f i l t e re d  produc ing a grey - green p re c ip i t at e  

and a b r ight purp le f i l t rat e . G n  s t anding for a further 

48 hour s a whi t e  mat er i a l  pre c i p i t at e d  out o f  the purp l e  

s o lut i on and was removed b y  f i l trat i on . C hromium anal y s e s  

were c arried out on s at urat e d  s o lut i ons o f  the t wo pre c ip i t at e s  

as we l l  as on t h e  purp le s o l ut i on but  o f  the s e  s o lut i ons 

only t ho s e  containing c hromium were as saye d  for a c t i vi t y . 

3 . 2 . 9  C hromium analy s i s ; o p t i c a l  densit y ,  c ondu c t iv i t y  

and p H  me as urement s . 

These were c arr i e d  out as  de s cribed in s e c t ion 2 .  

3 . 3 RESULTS 

3 . 3 . 1  S t andard a s s ay . 

Data c o l l e c t e d  for a rout ine s t andard as s ay are shown 

in Fi gure 3 . 2 .  Thi s s hows t he c ontrol rat e d e rived from a 

phos phat e buffer b lank along with the rat e o f  c o 2 produ c t i on 

for an a c t ive s amp l e . Cal c u lat ions b a sed on t h i s t yp i c a l  

examp l e  show a p e r ce nt age e nhanc ement o f  2 6 9 %  and s in c e  t h e  

chromium conc ent rat i on o f  t h e  s amp l e  was 0 . 1  �g/g ( 1 9 2  pmo l e s  

i n  a 0 . 1  cm3 s amp l e ) t h e  spe c i f i c  a c t ivity w a s  1 4 0 . 

A s say re sult s pert aining t o  i s o lat i on and puri f i c a t ion 

pro c e dure s  wi l l  b e  report e d  in later s e c t i on s . The d i f ferent 

parame t e r s  in t h e  a s s ay ( ye a s t  c e l l  c oncent ra t i on , gluc o s e  

concentrat i on ,  p H  and cond u c t ivi t y ) were var i e d  primari l y  t o  

ensure t hat opt i mum a s s ay c ondit i o n s  were u s e d  and a l s o  with 

the hope of ga ining s ome i n s ight into the mod e  of a c t i o n  o f  



F IGURE 3 . 2  

Stan dard y eas t as s ay showing the c arb on di o x i de 

produ c t i on o f  an a c t ive s amp l e  P-3  ( ) 
and a pho s phat e  b u ffer b l ank ( � )  wi th 

re sp e c t  to t ime . The rat e s  of carb o n  d i o x i d e  pro duc­

t i on and t he p e r c e nt age enhan c ement and spe c i fi c  

a c t i v i t y  are · de s c ribed in re sul t s . 
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an act ive s amp le i n  cau s ing t h e  ob s erved enhancement o f  c o 2 
produc t io n . 

3 . 3 . 2  Var i at i on o f  yeast c e l l  concentrat i on i n  t h e  s tandard 

a s s ay . 

Y e a s t  c e l l  c oncentrat ion was v aried b etween 

c e l l s / cm 3 and 1 0 . 0  X 1 0 8 C e l l s/cm3 i n  the original 

0 l o
g 

. 5  X 

2 cm3 

s tandard a s s ay vo lume . Over t h i s  r ange o f  y e a s t  c e l l  c on c en­

trations  a pho sphate buffer b lank a s s ay and two a s s ay s  w i t h  

di fferent c on c entrat ions o f  a n  a c t ive s ample derived from 

y ea s t  extract  ( wi t h  chromium l e v e l s  o f  O . l ?g/g and 0 , 2  rg/g 

wer e c ar r i e d  o ut and the r e s u l t s  are s hown in F i gure 3 . 3 .  

There was d i fficulty in c o l le c t ing dat a for highly 

act ive s amp l e s  due t o  the very rap i d  co2 evo lu t i o n  rat e s  

whi ch under t he s e  c ondi t ions  r e s u l t e d  i n  very h i gh error s . 

3 . 3 . 3  Vari at i on o f  gluc o s e  c onc entrat ions in the s t andard 

a s s ay .  

G l u c o s e  c o n c entrat i on s  were var i ed from l . 2 6 x l o -2 M 

( 0 . 2 5 %  w/v ) t o  1 . 2 6 M ( 2 5 %  w/v ) in t he standard a s s ay for 

det erminat i on of b o t h  the b lank rat e u s ing pho s phate b u ffer 

and for an a c t i v e  s ample . The dat a are shown i n  F igur e 3 . 4 .  

3 . 3 . 4  Variat ion o f  pH in the s t andard as s ay . 

The pH value of the b u f fer u s e d  in the s t andar d  a s s ay 

was vari e d  be tween pHs 2 . 9  and 1 2 . 2 .  The buffer was kept at 

a const ant phosphate  con c en tr at i on of 0 . 0 6 3  M and varied by 

me an s of H C l  or N aOH addi t i on at the pH extremi t i e s , B l an k  

ra te a c t i vit i e s  are shown i n  F i gure 3 . 5 .  

3 . 3 . 5  Var i at i on o f  condu c t i v i t y  i n  t he s t andard a s s ay . 

The pho sphate buffer c on centrat ion wa s var i ed t o  give 

a c ondu c t ivity  range o f  2 6 0 0  pmho t o  3 2 5 0 0  pmho w h i le main­

taini ng t he pH a t  5 . 7 5 .  The a c t ivit i e s  from b lank a s s ay s  

carried out  with t he s e  b u ffers  are s hown in Fi g�re 3 . 6 .  

3 . 3 . 6  A c t ivity o f  the synthet i c  preparat ion and it s 

c omponen t s .  

The r e s ul t s  o f  chromium anal y s e s  performed on the 

three frac t ions o b t ained from the synthet i c  preparat i on are 

shown in Tab l e  3 . 1 .  



F I GURE 3 . 3  

Var i at i on in t h e  rate o f  c arbon d i o x i de produ c t i on 

over a r ange o f  y e a s t  c e l l  c oncentrat ions for a 

pho s p hat e b uffer b l ank and two c on c e n t rat i ons o f  an 

a c t i ve P - 3  s amp l e . Pho sphate bu ffer b lank ( 

) , c hromium c on c entrat i on o f  P - 3  o f  0 . 1  

pg/g ( � ) and chromium concentrat ion 

of P- 3 of 0 . 2 pg/g · ( � ) . 
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F I GURE 3 . 4 

Vari ation i n  t h e  rat e o f  carbon di oxide produ c t i on 

for a range o f  glu c o s e  concentrat ions for a pho sphate 

b uf fer b lank ( .. tt )  and a moder at e ly 

a c t ive s amp le i s o la t e d  from y east  e x tr a c t ( ()---
--Q ) . 
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F IGURE 3 . 5  

Var i at i o n  in t h e  rate o f  carbon d i ox i de produ c t ion 

over a range in pH for t h e  phosph a t e  b uffer b lank 

in t h e  s t andard a s s ay . 
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F I GU RE 3 . 6  

Var i a t i on i n  the rate o f  c arbon diox i de produ c t i on 

over a r ange in c onduc t iv i t y  for the pho sphate 

b uf fer b lank in the s t andard as say . 
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TABLE 3 . 1  CHROMIUM C ONTENT OF FRACTI ONS OBTAINED FROM THE 

S YNTHETI C PREPARAT I ON 

S ampl e · ChrorriiUni (pg/g ) 
Satur at e d  aque ou s  s o lu t i on prepared 
from the gre y - green pre c ip i t at e . 

S at urat e d  aque ous s o lu t i on prepared 
from the whi t e  pre c ip i t at e . 

9 . 6  

0 . 0  

Purp l e  s o lut i on . 8 3 5 . 8  

The whi t e  pre c i p i t at e  wh i c h  was fre e  o f  c hrom i um was 

S p  

pre s umab ly un c omp l e xed amino a c i d s  or ni c ot in i c  a c i d . A c t iv� 

i t y  a s say s were det ermine d for various c hromium c on c e nt rat i on s  

o f  t h e  purp l e  s o lut i on a n d  o f  a s o lut ion made from t he gre y ­

gre e n  p re c ip i t at e . T h e  a c t i vi t i e s  determi n e d  are s hown i n  

Tab l e  3 . 2  a long wi th t h e  act ivit i e s  determin e d  f o r  aqueous 

s a t urat e d  s o l ut i ons of the c omp onent amino a c ids  and n i c o t in i c  

a c i d  in order t o  show their c ontri b ut ion t o  the t o t al a c t i v i t y  

de t e rmined for the purp l e  s o lut i on . 

TABLE 3 . 2  ACTIVITY OF RE ACTANTS AND PRODUCTS OF THE 

SYNTHETI C  PREPARATION . 

Perc ent age 

Sam12le # Rat e Enhanc ement 
nmo l e s  co 2/min 

Pho sphat e buffer b lank 3 7 . 5  0 

Purp l e  s o l ut i on ( 0 . 8 4 )lg/g ) 3 7 . 5  0 

Purp l e  s o lut i o n  ( 8 . 3 6 pg/ g )  6 9 . 0  + 8 4  

Purp l e  s o lut i o n  ( 8 3 . 6 )lg/ g )  1 2 6 . 0  + 2 3 6  

Purp l e  s olut i on ( 5 3 6  Jlg/g ) 1 1 5 . 0  + 2 0 6  

So lut i on o f  t h e  gre y-gree n 
ppt ( 0 . 9 6 }lg/ g )  3 7 . 5  0 

So lut i on o f  t he grey-green 
ppt ( 9 .  5 5  }lg/ g )  5 5 . 0  4 7 

L- g lut ami c a c i d  6 2 . 5  6 6  

L- c y s t e ine 2 3 . 7  - 3 6 . 8  

N i c ot ini c ac i d  3 3 . 7  - 1 0 . 1  

G l y c in e  4 2 . 5  + 1 3  
* 

4 8 . 8  Comb inat i on + 3 0  

# Where c o n c e n t rat i on s  are spe c i fi ed the s e  re fer t o  c hromium . 

* 
A l l  other s o lut i on s  are s at urat e d  aque ous so lut i on s . 

The comb inat i on invo lved a s at urat e d  aque ous s o l u t i o n  o f  

L- g lut ami c a c id , L- c y s t e ine , n i c o t ini c a c i d  and g ly c in e . 
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3 . 3 . 7  A c t ivity o f  inorgani c  c hromium s a lt s . 

To determine whether inorgan i c  chromium c omp le x e s  were 

act ive in t he y e a s t  a s s ay a range o f  d i f ferent c hromium s a l t s 

was a s s ay e d . ( Tab l e  3 . 3 ) .  The perc entage enhanc ement s for 

a concen t rat ion range of c r c 1 3 . 6H2o ( 2 . 0  x 1 0 - 3  
�g/g -

2 . 0  x 1 0 4 �g/g ) were a l s o  de t e rmine d .  ( Fi gure 3 . 7 ) 

TABLE 3 . 3  ACTIVI TY OF VARI OUS CHROMIUM SALTS 

Chromium 

S ampl e  

Crc1 3 

C r c 1 3 

C r 2 ( so 4 ) 3 

C r 2 ( so 4 ) 3 

K 2 C:t; 20 7 

K 2 Cr 2o7 

C r ( N0 3 ) 3 
* 

Concent rat i on 
).lg/g 

0 . 1  

2 5 . 0  

0 . 1  

2 5 . 0  

0 . 1  

2 5 . 0  

1 0 . 3  

Rat e 
nmo l e s  c o 2/min 

3 1 . 0  

2 8 . 0  

2 4 . 0  

3 5 . 8  

1 7 . 5 

1 4 . 1  

34 . 0  

Perc ent age 

Enhanc ement 

+ 3 3  

- 6 6  

- 2 0  

+1 9  

- 4 1 . 6  

- 4 5 . 9  
* 

- 2 . 8  

N . B .  Value re c orded on a d i f ferent day w i t h  a corre spond­

i ngly differenct b l ank rate from the other value s ,  

3 . 3 . 8  A c t ivity dne t o  e xt raneous mat erial . 

Y e a s t  extra c t  i s  a c omp l e x  mixt ure o f  c ompounds and 

it i s  l ik e l y  that c ompo�nds other than the hope d  for chromium �  

c ont aining GTF frac t i on wi l l  b e  ac t �ve in the as s ay . F o r  

e xamp l e  a saturate d  s o lut i on o f  glut am i c  a c id h a s  already 

b een s ho wn to have a percent age enhancement of + 6 6 . The 

a c t ivity  of a range of y e a s t  e xt rac t s  wi t h  opt i c al den s i t i e s  

a t  2 8 0  nm ranging from 0 . 1 8 t o  1 8 . 0  was me a s ured and the 

re s ul t s  are shown i n  Tab l e  3 . 4 .  



FI GURE 3 . 7  

Var i a t i on in the rate o f  c arb on d i o x i de produ c t i on 

for a range o f  c hromium c h l or i de c oncentrat i on s  in 

the s t andard a s s ay . 
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TABLE 3 .  ·4 A CTIVI TY DUE TO DI FFERENT LEVELS OF YEAST EXTRACT 

Percentage 

yeast extract Optical 

in aqueous density 

solution at 280 nrn 

0 0 

0 . 01% 0 . 18 

0 . 02% 0 . 36 

0 . 1% 1 . 80 

1 .  0% 18 . 0  

2 . 0% 36 . 0  

10 . 0% 180 

3 . 4  DI S CUS S I ON 

Chromium Percentage 

concentration Rate enhancement 

(}lg/g) nrnoles co2/min 

0 28 

0 . 0001 33 17 . 8  

0 . 0002 29 3 . 5  

0 . 001 51 82 

0 . 01 127 353 

0 . 02 175 525 

0 . 10 156 457 

The a s s ay s y s t em d e s c ri b e d  in t h i s  s e c t i on enab l e d  t h e  

determinat ion o f  b i o l ogi c al a c t i vi t y  i n  t e rms o f  enhan c ement 

o f  the b a s a l  rat e o f  c arbon d io xi de produc t i on during anaero ­

b i c  y e a s t  fermen t at ion to b e  c arri e d  o ut on a rout ine b a s i s . 

The s tandard cond i t ions chosen for the as s ay on t h e  b a s i s  o f  

t h i s  work invo lved t he u s e  o f  2 . 5 % gluco s e  so lut i on and a 

c oncent ra t i on o f  y e a s t  c e l l s  o f  1 . 5  x 1 0 8 c e l l s/cm3 at a p H  

o f  5 . 7 5 in 0 . 0 6 3  M pho sphate b uffe r . 

Dup l i cate a s s ay s  perfo rmed e i ther on the s ame d ay o r  

on di fferent day s g ave good agre ement ( b e t t e r  t han ± 1 0  

percent age enhan cemen t ) .  Vari at ion s in b l ank · rat e s · d i d  o c c ur 

from day t o  day but were alway s b etween the range 2 0  nmo l e s  

c o 2/min t o  3 7  nmo l e s  c o 2/min . Thi s  varia t i on s eeme d  t o  

depend o n  t he rate o f  yeast  growth o n  the de fin e d  me dium . 

F i gure 3 . 2  s hows t he c l e arcut d i fference b etween an 

ac t ive s amp l e  and t he p l ank r a t e . Not surpris ingly t h i s  

/ d i ffere nce i s  very s imilar t o  t hat found b y  M i r s ky !et a l  ( 1 9 8 0 ) , 

a l t hough t h e  ab s o lute  value s for t he mo le s o f  co 2 produ c e d  

are a l i t t le higher i n  t h e i r  c as e . 

Examinat i on o f  the rates o f  c o2 produ c t i on for a range 

o f  y e a s t  c e l l  c on c e n t rations for b o t h  b lank and a c t ive s amp l e s  

s howe d  that there i s  l it t le e ffe c t  o n  the p e r c ent age enhan c e ­

ment for t he l ower a c t ivity s amp le ( 0 ) s in c e  t h e  two l ine s 



6 0  

are nearly para l l e l  ( F i gure 3 . 3 ) . Thu s it  wou ld not mat t er 

at whi c h  y ea s t  c e l l  c on c ent rat ion the perc ent age enhan c ement 

was d e t e rmined for t hi s s a�p l e . However t he d a t a  for t h e  

higher a c t ivity s amp l e  ( ® )  showe d t hat t h e  p e r c entage enhan c e ­

ment d e pended o n  the y e a s t  c e l l  c onc entrat ion and t h i s  may 

ac c oun t  for the d i fferen c e s  i n  enhan c ement b et ween t ho s e  

report e d  b y  Mirsky e t  a l  ( 1 9 8 0 )  and the re s u l t s  report e d  

here . I t  i s  c learly importan t  t o  ma int ain a c on s t ant y ea s t  

c e l l  numb er in c omparat ive a s say s . The c on c entrat i on c ho s e n  

was 1 . 5 x 1 0 8 c e l l s /cm3 s i n c e  thi s  c oncentrat ion ensured 

op t imum rat es of evolut i on for b ot h  the b l ank and t e s t  a s s ay s  

and w a s  l ow enough t o  avo i d  any errors due t o  t h e  decreas e 

in the g l u c o s e  c onc ent rat ion during the c our s e  o f  the a s s ay . 

Ce l l  c onc ent rat ions muc h  l ower t han t h i s  would lead t o  an 

unac c e p t ab ly s l ow rat e o f  c o2 produc t i on whi l e  numb ers muc h  

great e r  t han t h i s  would re s u l t  in rat e s  wh i ch were t o o  f a s t  

for pre c i s e mea s urement . 

The rat e o f  c o2 produ c t i on s h ows a hyperbo l i c  re l a t i on­

s hip w i t h  gluc o s e  c onc entrat i on for b o th t h e  b l ank and a c t ive 

chromium con� aining s amp le s , s at urat ion b e i ng reached at 

ab out 1 5 %  gluc o s e  c oncentrat i on . The maximum s t imu lat ion 

o f  co 2 product ion was only 50%  for t he samp l e  as s ay e d  in 

F i gure 3 . 4  but in general the re s u l t s are i n  agreement w i t h  

tho s e  o f  Mir sky e t  a l  ( 1 9 8 0 )  s ince the e ff e c t  o f  the a c t i ve 

s amp l e  was mainly o n  t he maximum rat e  for the s y s t em .  

The var i a t ions s hown i n  the b l ank rat e a s s ay for p H  
and c ondu c t ivity ( Figur e s  3 . 5  and 3 . 6 ) show t h e  impor t an c e  

of c on t r o l l ing the pH and c onduc t iv i t y  range i n  t he , a s s ay 

mixture . Thi s ne c e s s i t at e d , pri or t o  as s ay , t he t it r a t i on 

o f  ext r eme ly a c i d i c  or alkal ine s amp l e s  t o  around pH 6 . 0  and 

the de s a l t ing o f  s amp l e s  with c ondu c t ivit i e s  h igh enough t o  

c au s e  inhib it ion . 

A s olut ion c o nt aining b i o l o g i c a lly a c t i ve chromium 

c omp l e x e s  as reported b y  Toepfer et al ( 1 9 77 ) , was prepared 

ac c or d ing t o  t he pub l i shed ins truc t i on s  and u s ed t o  t e s t  the 

re s po n s e  o f  the y e a s t  a s s ay t owards a preparat ion whi c h  had 

been previou s l y  s hown to p o s s e s s  b i o l ogi c a l  a c t ivity  in a 

b io a s s ay u s ing c hromium-d e f i c ient rat epidid ymal adip o s e  

t i s sue ( K i enle e t  a l  ( 1 9 7 9 ) and Toep fer e t  a l  ( 1 9 7 7 ) ) . 
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So far no r e s e archers have managed t o  i s o l at e  a pure charac t ­

eri s e d  c omp le x  from t h i s  s o lu t i on but Toep fe r et a l  ( l 9 7 7 ) 

· have c la ime d t hat t he general s p e c t r o s c op i c  and chromat ograp h i c  

b ehaviour o f  t he s o lu t i o n  i s  s imi l ar t o  t ha t  exhib i t e d  by 

t h e ir ' GTF ' frac t i on . In agre ement with t h e ir find ings are 

the r e s u l t s  shown in Tab le 3 . 2 .  The purp l e  s o l ut ion , whi ch 

undoubt edly c ontains a mixture o f  c ompoun d s  inc l uding unre­

a c t ed amino ac ids and n i c o t i n i c  a c i d , c l e ar l y  shows a s t imu­

l a t i on of the rat e o f  co 2 evolut i on ,  reaching a max imum 

value o f  + 2 3 6 %  at a level  o f  8 3 . 5  pg/g chromium . A l t hough 

the max imum c ont ribut i on t o  t h i s  a c t ivity from unreac t e d  

s t art ing mat erial i s  + 6 6 %  f o r  a s aturat ed s o lut ion o f  1-glu t ­

ami c a c i d , a mixt ure o f  a l l  r e a c t ant s minus the chromium gave 

a percentag e  enhancement o f  only + 30% . The a s s ay is c le ar ly 

re s p ons i ve t o  the pre s en c e  o f  s ome act ive s pe c i e s  i n  t he 

s o lut ion in the same way as i s  t h e  mo re laborious fat -pad 

a s s ay t e c hn i que . In s upport of t h i s  c ont ent ion are t he data 

in Tab le 3 . 3 and Figure 3 . 7  whi c h  show t h at s imp l e  c hromium 

( I I I ) s a l t s  do not re s u l t  in any s i gni f i c ant enhanc ement o f  

t h e  bas a l  r a t e  of co2 product i o n  but rather re sult i n  an 

inh i b i t ion at leve l s  . s i gn i f i c an t l y  ab ove 2 0 0  � g/g .  

Thu s the yeast  a s s ay de t e c t s  ' b i o l o g i c al l y - a c t ive ' 

c hromium fra c t ions in a s imilar fashion t o  other a s s ay s y s t ems 

de s cribed i n  t he l i t e rat ure (Mert z  et a l  ( 1 9 6 1 ) , Tuman et a l  

( 1 9 7 8 ) , Ande r s on et a l  ( 1 9 7 8 ) , Burkeho lder and Me rt z ( 1 9 6 7 ) 

and Mir s ky e t  al ( 19 8 0 )). However during i s o lat ion o f  chromium 

cont aining fract ions from y e as t extracts t here i s  a lway s the 

p o s s ib i l i ty o f  a � t imu l at ory e ffect  due t o  e xtraneous mat e r i a l  

such a s  v i t amins o r  fermen t ab l e  s ub strat e s . An indi c a t i on o f  

t h i s  effect  i n  the as s a y  for d i f ferent leve l s  o f  added y ea s t 

extract  was me asure d . The p arame ter used a s  a me as ure o f  

e xtraneous mat erial was the ab s orb anc e  a t  2 8 0  nm . The r e s ul t s 

( Tab le 3 . 4 )  s how that once t he ab sorban c e  ( A 2 8 0 ) r i s e s  ab ove 

1 . 8  t here i s  s igni f i c an t  incre a s e  o f  the b a s al r at e of c o 2 
produc t i on � Obviou s l y  s ome o f  t h i s  incre a s e  may b e  a cont r i ­

b ut ion from any b io l o g i c a l ly- ac t i ve chromium fra c t i ons 

pre s ent in t he yeast a l t hough for A2 8 0  value s of l e s s  than 

1 . 8  the c hr omium pre s ent in t h e s e  samp l e s  would be un l i k e ly 

t o  make a s i gn i f i c ant c ont ribu t i on t o  the t o t al b e c au s e  o f  
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the very low c on c entra t i on (} 0 . 0 0 1  rg/g) . I t  i s  r e c ogni s ed 

that t h e  A 2 8 0  v a l u e  i s  on�y a crude e st imat e  o f  t h e  e x tr an­

eous mat er ial and t hu s  onc e the mat e r i al i s  fra c t i onat e d  

the var i o u s  fra c t i ons may r e spond q u i t e d i fferent l y  i n  the 

assay for a given A2 8 0  valu e . Thus t he incr ea s e  in percent­

age enhanc ement from + 3 . 5  to  + 8 2  a s  the A2 8 0  value incre a s e s  

from 0 . 3 6 t o  1 . 8  i s  only a n  ind i c a t i on of t h e  n on-spe c i fi c  

s t imu l�t ory e ffe c t  due t o  t he e x t raneous mat er i a l . For c rude 

sample s however , i f  the A2 8 0 value i s  1 . 8 or gre at e r , enhance­

ment s of  l e s s  t h an + 8 2 %  c annot be  u s e d  as  ind i c at ive of  the 

GTF a c t ivity of the chromium- c ont aining frac t i ons . 

Thi s  ob s e rvat ion i s  app arent ly in c ontrad i c t ion with 

re s u l t s  found b y  M irsky e t  al ( 1 9 8 0 ) . Th ey have s t ated that 

the ob s erved a c t ivity in t he i r  c a s e  i s  not due t o  ferme n t ab l e  

s ub s tra t e s  o r  s t imu lat ion from p o s s ib l e  vit amin s .  They have 

t e s t e d  b o t h  of t he s e p o s s i b i l i t i e s  by as saying var i o u s  l e ve l s  

of glu c o s e  and v i t amins . Without knowing the e x a c t  c omp o s i­

t i on o f  t heir GTF s amp le t he p o s s ib i l ity o f  s t i mu l at i on o f  

the ferme nt a t i on rate b y  factors  o ther than a c hromium 

complex c anno t b e  ruled o u t . 

A l though t h e  ieast a s s ay sup e rfic i a l l y  b ears no ob vious 

re lat ions hip t o  the in s u l in dependent sy s t ems c ommonly u s e d  

t o  d e t e rmine GTF a c tivity , i t  do e s  re s pond i n  a way whi ch 

s ugge s t s  that i t  i s  c apab l e  o f  mea s ur ing an e f f e c t  on the 

glu c o s e  transport s y s t em s in c e  it  gtve s the s ame r e su l t s  

with the synthet i c  mix t ure prepared b y  Toe p fe r  e t  a l  ( l 9 7 7 2 

a s  do t he insulin dependent a s s ay s y s t ems and c an b e  u s ed 

with c o n fiden c e  a s  a c onven i ent and rapid s c re ening t e s-t for 

the var i o u s  c hromium fra c t i on s  i s o la t e d  from y e a s t  and o th er 

b i o logi c a l  s amp l e s . 
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SECTION 4 

IS OLATI ON AND A CTIVITY DETERM INATION OF CHR0'MIUM_:-GONTAIN TNG 
FRACTI ONS FROM YEAST EXTRA CT . 

4 . 1 INTRODUCTION 
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With t h e  avai lab i l ity o f  a h i gh chromium y e a s t  extract , 

and wi th the ab i l i t y  t o  d e t ermine GTF a c t i v i t y  b y  the s t andard 

y e a s t  as say ( de s c r i b ed in s e c t i on 3 ) , it b e c ame p o s s i b l e  t o  

att empt a s y s t emat i c  i s o l at i on and a c t ivi t y  a s s ay o f  the 

chr omium-containing frac t i on s  in y e a s t . 

With average c hromi um l e ve l s  o f  11 . 2  pg/g the h i gh 

chromium y ea s t  e xtra c t  that wa s ava i l ab l e  c on ta ine d a far 

gre a t er natur a l  level  o f  c hromium t han did who le y e a s t  ( e a  

0.35 �g/g ) . N o t  on l y  were the c hromium leve l s  some thirty 

fo ld higher but un l ike t h e  who le yeast  samp le s , the  y e a s t  

ext r a c t  was r e a d i ly .s o lu b l e  i n  wat e r . Thu s a l t hough only 

50%  o f  the  c hromiulJ comp ounds pre s ent in t h e  who le y e a s t  

c e l l s  were re c overed a f t e r  c e l l  c le avage and b u t ano l -wat er 

extrac t i on , there was t o t al s o l ub i l i za t i on o f  t0e chromium 

comp l e x e s  from t he y e a s t  extract . One d i s advant age o f ' t he 

y e a s t  extra c t  wa s the ·c on c omi t ant increase in the amount o f  

s o l ub l e  impur i t i e s . 

A maj or a s s umpt i on made i n  thi s work wa s t hat t he 

aut o l y s i s  proc e s s  u s e d  in preparat i on of t he y e a s t  extra c t  

d i d  not alter t he natur a l  chromium c �mplexe s pre s ent i n  y e a s t  

in any way . Yeast  e x t r a c t  i s  u s ed pr imar i l y  as a growth 

me d i um and for t hi s  r e a s on the p ro c e s s  u s e d  t o  produ c e  the 

y e a s t  extract i s  d e s i gn e d  t o  be as gen t le as p o s s ib l e  so that 

t he max imum ru t r i t i ve value is r e t ai n e d  by the y e a s t  e x t ra c t .  

Dur ing aut o ly s i s  large prote in mo l e cu l e s  shoul d  b e  b ro ken 

down but sma l l e r  mo le cu l e s  such as the chromium c omp l ex e s  

s h o u l d  remain l arge l y  unaffe c t ed . 

The y e a s t  a s s ay enab l e d  chromium-contain in g  fra c t i o n s  

i s o lated fr om the y e a s t  e xtract t o  b e  c la s s i fi ed a s  e it her 

a c t i v e  or ina c t ive . Thi s was �mp ortant s in c e  further efforts  

t o  d e ve lop an  i s o la t i o n  p ro c e dure c ou l d  then b e  based  on the  

informat ion r e lat ing to  t he re lat i ve a c t i vi t i e s  o f  t he c hromium­

c ontaining fra c t ion s . I 



Both - o f  t h e s e  fac t ors have b e en ut i l i zed b y  Mirsky 

et  al ( 1 9 8 0 )  in a r e c ent pub li c at io n . Unfort un at e ly they 

d i d  n o t  s y st emat i c a l l y  i s o late all  the chromium- c ontaining 

fract i on s  from the yeast ext ra c t . 
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The s y s t ema t i c  i s o la t i on att emp t e d  here �was · c on � i de r e d  

ne c e s sary in order t o  de t e rmine the numb er o f  chrom ium­

c ont aining fract i on s  in y e a s t  and t he i r  r e l at ive ab undance s 

and a c t i v i t i e s . On ly from t h i s  informat i on c ou l d  the fra c t ­

i o n s  mo s t  c lo s e ly r e s emb l ing GTF b e  s ingled o u t  for further 

p uri f i c a t ion . 

4 . 2  METHODS AND MATERIALS 

4 .. 2 ; 1  Y e a s t  extract s ourc e s .· 

The need for a c omme r c i ally ava i lab l e s o urce o f  y e a s t  

wi th h i gh l eve l s  o f  chromium in ord er t o  fac i l i t a t e  the 

i so lat i o n  o f  the various po s s ib le chromium · c omp le x e s  i �  

app arent . Several b rand s o f  c ommer c i a l  y e as t e xtract were 

there for e  analy s ed for their c hromium conte nt by flame at omi c 

ab s o rpt i on spectro s c opy on aque ous s o lut ion s o f  the y ea s t  

e xtract  and from w e t - a shed s amp l e s  t aken up i n  2 M H C l . 

4 . 2 . 2  C a t i on- ex change chromat ography . 

Dowex 5 0  W- X 1 2  ( hydrogen form , 1 0 0 - 2 0 0  me s h )  was u s e d  

i n  a l l  c at i on- exch ange c o l umns for whi ch re s u l t s  are de s c rib e d  

i n  t h i s s e c t ion . Thi s wa s prepared b y  equi l i b r a t i on i n  2 

vo lume s o f  2 . 5  M H C l  for 3 0  minut e s  then in 2 volume s o f  

di s t i l l e d  water ( twi c e ) .  Th i s  c y c l� was repeate d  and t h e  

c o lumn was packe d a n d  w a s h e d  w i t h  d i s t i l lec, wat er unt i l  t h e  

c o lumn washings w e r e  ne utral ( pH 7 . 0 ) . For opt imum b inding 

the c o l umn s were l oaded at pH 3 . 5 at  a flow rat e o f  3-5  cm3; 

minut e ,  wi th the c onduc t i v i t y  alway s l e s s  than 3 0 0 0  ymho . 

C o lumn s i ze depend e d  on t h e  s amp le s i z e but was usually e i ther 

7 . 0  cm ( di ame te r )  x 1 6  cm o r  3 . 4 cm x 1 1  cm . A mi ld pH 

grad i en t  was found t o  be t he mo st s uc c e s s ful e luent and t h i s  

was a c h i eved by e l ut i o n  w i t h  s a l t s  o f  progr e s s iv e l y  we ake r  

a c i d s  s o  that t h e  gradi ent was s e t  u p  in s i t u  u s ing t h e  

intrin s i c  acidi t y  o f  t h e  load.e d  c o lumn s . . . In  a t yp i c a l  exper­

iment the  co lumn was washed w i t h  0 . 0 5 M NaC l , after loading 

was c omp le te , unt i l  the ab s orb an c e  at 2 8 0  nm returned to b as e  

l ine l e ve l s . Thi s  had the e ffe ct o f  reducing t h e  p H  o f  the 
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eff luent o f  e a  3 . 0 .  The p H  gradien t  was a c h i eved b y  e luting 

with 0 . 0 5 M Na2HB0 4 unt i l  t he pH of the c o l umn e ff luent was 

8 . 0 .  F in a l l y  0 . 2  M Na3 ro 4. was p a s s e d  through the c o lumn unt i l  

the p H  o f  t h e  c o lumn e ffluent re ached p H  1 2 -1 2 . 5 .  

4 . 2 . 3  Anion- e x change c hromat o graphy . 

Dowex l-X 8 ( chlor i d e  form , 1 0 0- 2 0 0 me s h )  was u s e d  for 

all ani o n-exc hange c o lumn s . The re s in was prepared by s t and� 

ing in 2 vo lume s o f  2 . 5  M HCl for 30  minut e s , t hen 2 vo lume s 

of d i s t i l le d  wat er ( tw i c e ) .  Th i s  p r o c e s s  w a s  repe a t e d  b e fore 

the c o l umn was p acked and di s t i l l e d  water was p a s s e d  t hr ough 

the c o lumn unt i l  the pH o f  the c o l umn effluent was n e ar neut ­

ra l .  C o l umn s i ze again var i e d  wi t h  the s i ze o f  the s amp le 

loade d ,  b ut was u sual ly 3 . 4  cm x 11 cm . The s amp le s  were 

loaded at pH 8 . 5  wi th a c ondu c t i v i t y  of le s s  t han 2 2 0 0  rmho . 

The f low rate for loading and e lut i on was a lway s b e twe en 

2- 4 c m3 minut e . 

The conductivity gradient wa s forme d b y  m1x1ng e qual 

vo l ume s o f  a 0 . 1 9 M Tri s - H C l  pH 8 . 5  buffer ( 2 0 0 0  pmho ) with 

a 0 . 1 9 M Tr i s -H C l  p lu s  0 . 1 6 M NaCl p H  8 . 5  b uf fer ( 1 0 , 0 0 0  rmho ) 

in a gradient mixer . The pH grad i ent s were t hen app l i e d  by 

fir s t  mi xing equal volume s of the pH 8 . 5 Tr i s -H C l  p lu s  NaCl 

buffer and 0 . 3 5 M ac e t i c  a c i d  p lu s  0 . 1 9 M N a C l  b u ffer ( 1 0 , 0 0 0  

�mho ) unt i l  t h e  pH wa s reduc e d . t o  4 . 0  in t h e  e f fl uent from 

the c o lumn . The sec ond pH gradient app l i e d  c on s i s t e d  o f  

equa l vo lume s o f  the 0 . 3 5 M ac e t i c  �cid  p l u s  . 0 . 19 M N a C l  

s o lu t i on ( 1 0 , 0 0 0  �mho ) w i t h  0 . 0 7 M H C l  ( 1 0 0 , 0 0 0  pmho ) wh i c h  

re duc e d  t h e  p H  t o  ab out 2 . 0 .  F in a l l y  the c o l umn was eluted 

with 1 .  33  M HC l .  

4 . 2 . 4  Ge l fi l t ra t i on chromatogr aphy . 

Ge l f i l t r at ion c o l umn s  wer e run in wat e r  u s ing e i ther 

Sephadex G l O  or Bioge l P2 re s in . Th e re s in s  were prepared 

a c c ording to the manufac t urers i n s truct i ons . 

4 . 2 . 5 Mo l e c u l ar weight d e t e rminat i ons . 

Approxi mate mol e c ular w e i gh t s  were de t e rmined from a 

plot o f  the l o garithm o f  mo l e c u lar we ight v e r s u s  e l ut i on 

vo lume t aken b e t ween the s a l t  p e ak ( indi c a t e d  b y  the h igh 

condu c t ivity at the lower mo le cu lar we ight end ) and t he exc lu­

de d vo l ume p e ak ( shown by an ab s o rb ance p e ak at 2 8 0  nm at the 

higher mo le c u l ar wei ght end ) . 



4 . 2 . 6  Chromium ana l y s e s ; ab s orbanc e ,  pH and c ondu c t i v i t y  

meas ur ement s .  

The s e  were undertak�n a s  de s c rib ed i n  s e c t i on 2 .  

4 . 3  RE SULTS 

4 . 3 . 1  Yea s t  ext r a c t  s ource s .  
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The r e s u l t s  o f  c hromium d e t e rminat i ons o n  t h e  var i o u s  

c ommer c i a l l y  ava i l ab l e  y e a s t  e x t ra c t s  a r e  shown in Tab l e  4 . l .  

Li t t l e  di fference i n  t h e  chromium l e v e l s  was found b y  t h e  

t w o  analy s i s  me thods d e s cribed in s e c t i on 2 . 2 .  Where mul t i p le 

analy s e s  were c onduc t e d  a range o f  c hromium c on c entrat ions  

i s  quo t ed . 

TABLE 4 . 1  C HROMIUM C ONTENT OF COMMERCIAL YEAST EXTRACTS 

Brand of Average c hromium Numb er of 

Y e a s t  Extract C onc entrat ion Range S ample s  
pg/g yg/g 

Oxoid 1 . 4 8 1 

Marmit e  0 . 7 8 1 

D i f c o  1 .  0 2  l 

B . B . L .  1 . 7 0 1 
Merck ( high c hromium 1 0 . 6 0 8 . 7 0 -1 2 . 0  3 

y e a s t  extrac t ) · 

Mer ck ( low c hromium 0 . 9 1 0 , 8 8 - 0 . 9 6 3 
y e a s t  extra c t ) 

A s  c an b e  s e en from the above t ab l e , value s r e c or d e d  

f or Merc k  y e a s t  e xt r a c t  can b e  grouped i n t o  two c l a s s e s , h i gh 

c hr omium y e a s t  extract  and l ow c hromium y e a s t  ext ra c t . There 

was no outward d i fference in app e aran c e  in the two produ c t s  

a l t hough s amp l e s  ana ly s ed a s  h igh chromium yeast e x t r a c t  were 

c on s i s t ent l y  found in batch numb ers b e l ow 8 5 3 5 0 2 7 . 

4 . 3 . 2  E x tr a c t ion p r o c e dure . 

Merck yeas t e x t ract ( 2 0 0  g ,  1 1 . 2  rg Cr/g ) wa s mixed 

/' w i t h  a 1 : 1  but an- l - o l-H2 o mixt ur e ( l 6 0 0  cm3 ) and s t irre d for 

2 0  hours . At the e n d  o f  thi s t ime the mi xture was a l l ow e d  

t o  s t and ( 3 0 min ) and t he lower aqu e ous l a y e r  s eparate d  from 

t h e  butan- 1 - o l  layer and pre c ip i t a t e d  mate r i a l , e i ther b y  

s t anding in a s eparat ing funne l or b y  centri fuga t i on at 4 0 0 0  g .  
Chromium analy s i s  gave a t o t a l  o f  2 1 4 0  pg in the aque o u s  l ayer , 

repre s ent i n g  9 6 % o f  t h e  original chromium . The c on du c t iv i t y  
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wa s 1 1 8 0  pmho and the s o lut i on p H  was 6 . 4 5 .  I n  later pr epara­

t i on s thi s aque o u s  extr ac t i on from b u t an-l-o l -H2 0 wa s omi t t e d  

as t he pur i fi c a t i on achieved b y  t h i s  s t ep was found t o  b e  

sma l l  for commer c i al y e a s t  e xtrac t s . The aque o u s  extra c t  was 

adj u s t e d  to pH 3 . 5  and p a s s e d through a Dowex 5 0W-X1 2 c o lumn 

as de s c ribed in me t hod s . Thi s  pr o c e dure b ound the c at i on i c  

and ampho t eri c mat erial , a l lowing material whi ch was ani on i c  

or neu t ra l  t o  p a s s  through t h e  c o lumn . 

4 . 3 . 3  Separat ion o f  c omp lexe s b y  i on -exchange c hromat ography . 

When mat e r i a l  b o und t o  the c at i on-ex c hange c o lumn was 

e luted with a pH grad i ent ( a s de s crib e d  in me t ho d s ) , two main 

fra c t io n s  were ob s erved ( Fi gure 4 . 1 ) . A broad peak centred 

at  pH 4 . 5  wi th a s houlder at pH 6-7  and a s harp peak c en tre d 

at pH 1 0 - 1 1 . The firs t p e ak ( I ) c on t a ined 2 5 0  pg o f  chromium 

and t h e  s e cond p e ak ( I I )  c on tained 2 1 0  pg t ogether c on s t i tut ing 

2 1 . 5% of the c hromium or igina lly ob t a i ne d  fr om the Mer c k  · yeas t 

extra c t  in the aqueous extra c t i on . B o t h  p e aks s howed a h i gh 

ab s orban c e  at 2 8 0  nm . The t ub e s  c on t a ining the c hromium peaks 

alwa y s  app eared d i s t in c t ly y e l low and this  remained a s s o c i at e d  

with the chromium fra c t i on s  during a l l  sub s equent s ep ar at i on 

proc edure s de s cr ib e d  in t h i s  s e c t ion . 

At tempt s a t  e lu t i on o f  chromium comp l e x e s  fr om t he 

c a t i on - e x change c ol umn wi t h  c ondu c t ivity  grad i ent s were found 

to be l arge ly uns u c ce s s fu l  as wou l d  a l s o app e ar to b e . ! t h e  : ca s e  

for s imi l ar e l ut i on s  carr i e d  out b y  yotava e t  al ( 1 9 7 3 ) . 

Other worker s have c ommonl y  u s e d  NH 4 oH as a me an s o f  e lut i on 

( Toepfer et a l  ( 19 7 7 ) , Kump u l ainen e t  al ( 1 9 7 8 ) , Mir s ky e t  a l  

( 1 9 8 0 ) ) for s im i l ar c a t i on-exbhange c o lumn s and their r e su lt s 

are s im i l ar t o  t ho s e  found in the p re s ent work . Ammon ium 

hydroxide wi l l  e lu t e  c hromium c omp lexe s from the c at ion­

e xchange re s in but alway s a s  a s ingle unr e s o lv e d  p e ak . 

I n  order t o  s ep arate any amphoteric  mat e r i a l  p e ak s  I 

and I I  were separ a t e ly app l i e d  t o  Dowex l-X8 ani on-exc hange 

c o l umn s at pH 8 . 5 . Peak I was loaded ont o  a 2 5 0  cm3 ( 4 . 5  cm 

x 16 c m )  co lumn whi c h  on e l u t ipn w i t h  a N a C l  - Tri s buffe r , 

fo l lowed by s u c c e s s ive pH gradien t s , a s  de s c r i b e d  in m e t hods 

gave a s ingle chromium- conta ining fra c tion ( 7 2 pg )  de s i gnated 

AM- 1  ( Fi gure 4 . 2 . ) .  S imi l ar treatment of P e ak ! !  a f t er l oading 

onto a 1 0 0  cm3 ( 3 . 4  cm x 1 1  cm) c o lumn gave three chromi um -



F IGURE 4 . 1  

Elut i on p r o f i l e  for aque o u s  yeast  e xt ra ot a f t er 
I 

ab sorp t ion on a Dowex 5 0W-Xl 2  cat i on-ex change 

c o l umn ( 7 . 0  cm x 16 cm) at pH 3 . 5 .  The tub e  vo lume 
wa s 2 0 cm3 and t h e  pH gradi ent s  ( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ) 
were gene rat e d  a s  d e s cr ib ed in met ho d s .  The c hr omium 

peaks ( ) are de s i gnat e d  as I and I I  

and gene r a l ly fo l l ow the A2 8 0 pro f i l e  (- - - - - - - - ­

- - - - ) . Thi s e lu t i on p at t e rn was e s s en t i a l l y  the 

s ame for 10  s ep arat e c o lumn run s . .  
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F I GURE 4 .  2 

E lut i o n  p r o f i l e  for AM- 1 from a Dowex l-X8 an i on ­

e xc hang e  c o lumn . The c o l umn ( 4 . 5  e rn  x 1 6  cm) w a s  

lo ade d ap pH 8 . 5  a n d  e lu t e d  a s  d e s cr ib e d  in me thod s .  

Chromi urn ( ) , pH (· · . . .. . . .  · . . .  · ·  · · . . .  · · ·  · ·  . . . .  · ·  · ·  · . .  ) , 
c ondu c t i v i t y  (-· · - ·· - ·· - ·· - ··-· · - · · -) and A2 8 0 (- - - - ­

- -- - - - -) .  The vo lume o f  e ach t ub e  wa s 2 0 cm3 . 
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c ontai ning fra c t ions de s i gnat ed a s  AM- 2 ( 2 1 pg ) , AM- 3 ( 1 2 pg )  

and AM- 4 ( 19 pg ) r e spe c t i ve ly ( Fi gure 4 . 3 ) . 

To date Dowex l-X8 has not b ee n  u s ed a s  an an i on­

ex c hange re s in b ut Mir sky e t  al ( 1 9 8 0 )  and Kumpulainen e t  

7 0  

al ( 1 9 7 8 )  have u s e d  a lternat i ve ani op-exchange re s in s . In 

both ca s es the r e s ins have b een e lu t e d  with a c ondu c t i v i t y  

grad i en t  formed b y  a n  ammon ium salt , e i t her c h l oride o r  

carbona t e . B ot � me thods have be en s uc c e s s fu l  t o  s ome e xtent 

in s eparat ing c hromi um c omp lex e s  b ut b e t ter r e sult s we re 

ob tained in t h i s  work b y  emp loying a c onduc t i v i t y  gradi ent 

fo l lowed by a pH gradi ent . 

The chromium mat e r i a l  from p e ak I wh i c h  wa shed t hrough 

the Dowex 1 - X 8  c o l umn wi thout b inding wa s c o l le c t e d , adj u s t e d  

t o  p H  3 . 5 

5 0W-Xl 2 ) .  

( l O O  cm 3 , 

and r e l oaded ont o  a c at i on-exc hange c o lumn ( Dowex 

E l u t i on of the c at i on i c  material o f f  the c o lumn 

3 . 4 c m  x 1 1  c m )  b y  us ing pH gradi ent s  generated 

in  s i t u  ( as de s cribed in method s ) re sulted i n  t wo chromium 
-- ----

peak s , P-1 and P - 2  ( F igure 4 . 4 ) P -1 ( 6 6 pg )  wa s centre d on 

pH 4 . 5  and pre s umab ly c orre sponds t o  the peak ob s erved on the 

ori ginal Dowex 5 0W-X12 c o l umn ( c ompare Figur e s  4 . 1 and 4 . 4 )  

whe re a s  P- 2 ( 6 4 pg )  wa s c entr e d  at p H  1 0  and d i d  not obviou s ly 

corr e spond w i t h  one o f  the or i gina l peaks , p os s ib l y  a r e s u l t  

o f  d i fferent c o lumn b e havi our a f t e r  removal o f  a large amount 

of e x traneou s material . The b ehavi our was however reprodu c ­

i b l e . 

S imi lar tre atment . of the e ffluent ob t a ined from t he 

loading o f  peak I I  on a Dowex l -X 8  c o lumn al s o  re sul t e d  in 

two p e aks , P - 3  ( 4 1  pg )  and P- 4 ( 31 �g) . P -3 was e l u t e d  from 

the c o lumn at pH value s around 7 wh i l e  p - 4  was e lu t e d  o f f  

t h e  c o lumn at pH 10 ( F i gure 4 . 5 ) . 

The c o l umn e ffluent ob t aine d a fter loading t h e  or i g inal 

Dowex 5 0W-X 1 2  c o lvmn was t it ra t e d  t o  pH 8 . 5 ,  d � lu t e d t o  an 
/ 8 appropriate c ondu c t i vi t y  and loaded onto a Dowex 1 -X ani on-

exchange c o lumn . Elut i on of t hi s  c o lumn re s u l t e d  in t wo 

large chromium p e ak s , N - 1  (.7 3 0  p g )  and N-2 ( 2 0 5  pg ) , a s  shown 

in Figure 4 . 6 .  Chromat o graphy o f  the ani on i c  green c omp lex 

i s olated in S e c t i on 2 ,  showed a s imi lar e lut i on pro f i le t o  

that o f  t he N - 1  peak i s o lated here . 



F I GURE 4 .  3 

E lut i on o f  fra c t i o n s  AM- 2 ,  AM- 3  and AM- 4 from a 

Dowex 1-X S ani o n- e x c hange c o lumn . The c o l umn ( 3 . 4  cm 

x ll cm) was loaded at pH 8 . 5  and e lu t e d  as d e s c r i b e d  

i n  me t ho d s . The v o l ume o f  e a c h  t ub e  was 1 8 . 5  cm3 . 

Chromium ( ) , pH ( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) , 

c ondu c t ivity (- . . .... .. _ . . _ . . _ , _ , _ , _ .) and A 2 8 o  (---- - -

- -

-- - -) .  
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F I GURE 4 .  4 

E lu t i on o f  b i o l og i c a l l y - a c t ive P - l  and P - 2  from a 

Dowex 5 0W- X l 2  c at i on- e x c hange c o lumn . The c o l umn 

( 3 . 4 cm x 1 1  c m )  was l o ad e d  at pH 3 . 5  w i t h  unb ound 

mat er i a l  fDom F i gure 4 . 2  and e l u t e d  as de s cr i b e d  in 

me thod s .  The vo lume o f  e ach t ub e  was 1 8 . 0  cm3 . 

Chr omium ( ) , p H � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) , 

c onduc t i vi t y  (- · · - .. - ·· - · · - · · - · · - · · -) and A2 8 0  
(- - - - - ­

- - - - - - -) . Thi s e lu t i o n  pattern was a l s o  o b t ained 

on thre e repeat c o lumn s . 
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F IGURE 4 . 5 

E l ut i on o f  b i o logi c al ly - a c t i ve fra c t i on s  P - 3  and 

P� 4 from a Dowex 5 0W-Xl 2 c a t i on-e x c h ange c o lumn . 

The c o l umn ( 2 . 7  c m  x 9 cm)  was  loade d a t  pH 3 . 5  

w i t h  unb ound mat e r i a l  from F i gure 4 . 3 and P lut e d  

a s  de s c r ib ed i n  method s . The vo lume o f  each t ub e  

was 2 0 . 0  c m3 . Chromium (-----------------) ,  p H  
(· · · · · · · · · · · · · · · · ·  . . . . . . . . . . . . . . . . ) ,  c onduc t iv i ty (- . .  _ . .  _ . . _ . , _ , . _ . .  _ , . ) 
and A2 8 0 (-- - - - - - -- - - - -) . Four s imi lar c o lumn s 

were run . 
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F IGURE 4 . 6 

E lu t i on o f  ani on i c -materi a l  N -1 and N - 2  from a 

Dowex l-X8  ani on-e x change c o lumn . Th i s  c o l umn 

( 4 . 5  cm x 1 8  cm) was loaded at pH 8 . 5 ,  with t he 
e ff luent ( co ntaining unb ound materi a l ) from F i gure 

4 . 1 , and e lu t e d  a s  de s c ribe d in me thods . The t ub e  
vo l ume was 2 0 . 0 cm3 . . C hromium ( ) , 

pH ·( .. . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . .  � ,  c onduc t ivit y  (- . .  _ . .  _ . . _ , _ . ,  

-. .  - .. ) and A2 8 0 (-- -- -- - - --- --) . Three s im i l ar 

c o l umn s  were run . 
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7 5  

The fra c t io n  d e s i gn ated Z - 1  c ompr i s e s  a l l  chromium 

whi c h  d id not b in d  t o  any c olumn , pos s i b l y  b e c au s e  i t  wa s 

neut r a l  or , p er hap s due t o  co lumn over-loading phenomena . 

Thi s fract ion w a s  the large st , c omp r i s ing 8 7 7  �g o f  c hr omium 

as d e t e rmined by means o f  an overal l  chromium b alanc e .  

4 . 3 . 4  Fi ltrat i on c o lumn s . 

The peak frac t io n s  from i on-exchange c o lumn s were 

bulked and fre e ze dried . The free z e -dried extract s were 

t aken up in the min imum vo l ume of d i s t i l led wat er and app l i e d  

e i t h er t o  an B o o  cm3 ( 5 . 2  c m  x 3 7  cm ) Sep h�dex G-1 0 ( 4 0 - 1 2 0 p )  
de s a l t ing co lumn or t o  a B i ogel P2  ( 5 0- 1 0 0  me s h )  c o l umn w i t h  

a b e d  vo lume o f  3 1 0  cm3 ( 2 . 7  c m  x 5 4 cm ) . The frac t i o n s  

c o l l e c t ed were analy sed for chromi um and c onduc t iv i t y  and 

in the c a s e s  where the s eparat ion of the chromium p e ak and 

c on du c t ivi t y  p e ak was s uf f i c ien t ly large , the chromium p eak 

was again bulke d ,  c on c ent rated b y  fr e e z e  dry ing · and r e c hroma­

tographed on t he Biogel  P2 c o lumn . In tho s e  c a s e s  where 

ana ly s i s  showed l i t t le or no s ep arat i on o f  t he chromium and 

c onduc t ivity peaks , no further c hromat ography was c arr i e d  

out . Despite s everal l i t erature rep ort s ab out t he l o s s  o f  

vo l at i l e  chromium during a s hing prior t o  a t omi c ab sorp t i on 

spe c t ro s copy ( Tuman et a l  ( 1 9 7 7 ) , Shapcott  e t  a l  ( 1 9 7 7 ) ) ,  

there was no app arent l o s s  o f  c hrom i um on free ze dry ing . 

O f  a l l  t he frac t i on s c o l l e c t ed from t he ion-exc hange 

c o l umns only N - 1  s howed further fra �t ionat i on on gel f i l t ra ­

t i o n . N- 1 ,  t h e  maj or ani o n i c  fra c t i on ,  s p l i t  �nt o t w o  peaks 

N-lA and N- lB ( Fi gure 4 . 7 ) . 

E s t imat e s  o f  mo l e c u l ar s i z e  were mad e from the e lu t i o n  

·vo l ume s and t he s e  are s hown in Tab le 4 . 2 .  I t  mu s t  b e  s t r e s s e d  

that t he value s report e d  were only approx imat e  as  t h e  m e t ho d  

u s e d  d i d  n o t  t ake i n t o  a c c ount any n on-ide a l  e lut i on b eh av i our 

that may have o c c urred from samp le a s s oc ia t i o n  wi t h  the f i lt r ­

at i on r e s in b e ad . E ffe c t s  o f  t h i s  t y p e  wou ld have l e d  t o  an 

app arent mo l e c ular weight whi ch w a s  l e s s  than the t rue value . 



FIGURE 4 .  7 

Ge l fi l t rat i on o f  pe ak N -� on Sep hadex G-1 0 . The 

c o lumn ( 5 . 2  cm x 37 cm)  was eluted with di s t i l le d  

water . Chromium ( ) an d  c ondu c t i v i t y  
(-. . _ . . _ . .  _ . . _ . .  _ ,  - ·· ) .  The t ube vo lume w a s  8 . 0 cm3 . 

A s i m i l ar re s u l t  was obtained on a dup l i cate c o lumn . 
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TABLE 4 . 2 MOLECULAR WEI GHTS OF CHROMIUM-CONTAINING 

FRACTIONS OBTAINED FROM YEAST EXTRACT 

FRACTIONS 

AMPHOTERIC CATIONIC 

7 7  

ANIONIC 

AM-1 AM-2 AM-3 AM-4 P-1 P-2 P-3 P-4 N-lA N-lB N-2 

Molecular weight 295 501 700 389 355 110 324 138 543 347 700 
(Daltons ) 

Percentage yield 3 . 4 1 . 0  0 . 6  1 . 0  3 . 1  3 . 0  1 . 9  1 . 4  34 . 2  9 . 6  

The t ot a l  s eparat i on s c heme u s ed i n  the i s o lat ion o f  

chromium peaks i s  summari s ed in Scheme 4 . 1 .  

4 . 3 . 5  B i o logi c a l  a c t i v i t y .  

U s ing t h e  yeast a s s ay as  d e s c r ibed in s e c t ion 3 the 

fo l lowing re s u l t s were ob t aine d . ( Tab le 4 . 3 ) The chromium 

conc e n t rat i on for each frac t ion was 1 9 2  pmo le s per 2 . 5  c m3 

of a s s ay mixture , except for AM- 4 ( 1 7 3 )  and P - 1  ( 1 8 6 ) . The 

rat e s  for b o t h  samp le and c ont r o l  ar e expre s s ed as nanomo le s 

o f  co 2 evo lved p e r  minut e , whi l e  the percent age enhanc ement 

is expre s s ed as 1 0 0  x ( ( s amp le rate - cont ro l rate ) /c ontro l 

rate ) .  The spe c i fic _ enhan c ement i s  t he enhan c ement per 

1 0 0  pmo le s o f  chromium whi le the purity is  given as A2 8 0  per 

100 p mo le s  o f  chromium . 

TABLE 4 . 3  BI OLOGI CAL ACTIVITY OF CHROMIUM C ONTAINING 

FRACTI ONS OBTAINED FROM YEAST EXTRACT 

Samp l e  Contro l Pe rcent age Spe c i fi c  

Frac t i on Rat e Rat e Enhan cement Enhanc ement Pur i t;y 

AM- 1 2 1  1 7  + 2 3 . 5  + 1 2 . 2  2 . 4 1 

AM- 1 1 9  1 7  + 1 1 . 7  + 6 . . 1 0 . 0 8 

AM- 2 1 7  2 2  - 2 2 . 7  - 1 1 . 8  0 . 7 3 

AM- 3 1 7  2 2  - 2 2 . 7  - 1 3 . 1  0 . 2 9 

P - 1  4 6  3 0  + 5 3 . 3  + 2 8 . 7  0 . 8 1 

P - 2  6 6  3 3  + 1 2 0 . 0  + 6 2 . 5  0 . 1 7 

P- 3 6 5  1 9  ;t- 2 3 2 . 0  + 1 2 6 . 1  0 . 3 1 

P - 4  4 5  1 9  + 13 6 . 8 + 7 1 . 3  i . l 4 
-

N- 1 A  3 0  2 6  + 1 5 . 3  + 8 . 0  4 . 9 3 

N - 1 B  3 1  1 7  + 82 . 4  + 2 0 . 0  7 . 6 8 

N- 2 3 1  1 7  + 8 2 . 3  + 4 2 . 8  0 . 3 7 

• 



S CHEME 4 . 1  

S C HEMATI C SUMMARY OF SEPARATI ON PROCEDURE 

AM- 1 

Dowex- 1 
Effluent 

P - 1  P- 2 

y 
Effluent ..., . --------�7 D1scarded 

7 8  

pH 3 .  5 
) Dowex- 50 

( Z- 1  Frac tion ) 

Butanol/H
2

o 
extract 

Peak 
pH 8 . 5  

=-p_H_3..:..' -5-?>) Dowex- 5 0  
Peak I I  � 7 Dowex- 1 
pH 8 . 5  E AM-2 

AM- 3  

AM- 4  

E f fluent 
pH 8 . 5  

Dowex- 1 

N- 1 N - 2  

1 
Sephadex G-10 

N - lA N- lB 

E ff luent 
pH 3 . 5 

Dowex- 50 

C
P - 3  

P- 4 

Eff luent �------------4) Discarded 
( Z-1 Fraction) 



4 . 3 . 6  Percentage enhanc ement re lat i ve t o  P- 3 c hromium 

c oncen t ra t ion . 

7 9  

Tab le 4 . 3  has s hown fra c t i on P-3 t o  b e  the mo s t  a c t i ve 

chromium frac t i on . A c on c e ntrat e d  s amp le o f  P- 3 wa s prepare d 

b y  fre e ze dry ing , and then redi s s o lving the s amp le in a l e s s ­

e r  vo lume o f  wat e r . A c t i v i t y  a s s a y s  were c arried o ut o n  

var i o u s  chromium concentra t i ons o f  t h e  P- 3 s amp le r anging 

b et we en 0 . 0 0 3 5  pg/g t o  0 . 2 3 pg/g ( an upper l imi t due t o  the 

s o l ub i li t y o f  P- 3 )  and t he re s u l t s  are shown in Figure 4 . 8 .  

A l s o  s hown in t h i s  fi gure are the dat a ob t a in e d  by Mir s k y  

et a l  for a s imi l ar range o f  chromium con c e ntrations in an 

act ive s ample preparat i on from yeas t e xtrac t . The ir dat a  has 

b een r e c alcula t e d  to e xpre s s  the a c t i vity in t erms of pe rcen­

t age enhancemen t  of c o2 p ro duc t ion rather than the ab s o l u t e  

co 2 produc t i on rate g i ven in t h e i r  pub l i c at i on . A l s o  t h e  

chromium c oncent rat ion has been expre s s ed in t e rms o f  t h e  

c hromium concent rat ion i n  t h e  a c t i ve samp le and n o t  that i n  

the t o t a l  act i v i t y  as say mixture . 

4 . 4  DI SCUS S I ON 

The u s e  o f  a comme r c i ally avai lab le h i gh chromium 

yeas t e xtract has enab led adequate levels of chromium for 

de t e c t i on b y  at omi c ab sorp t i on · spe c tr o s c op y  t o  be maint ained 

throughout the i so lat i on procedure and has e nab led an i s o la­

t i on procedure t o  b e  deve loped . Th i s  iso lat i on pro c e dure 

has r e s u lted in the re s o l ut i on o f  the ori ginal chromium 

extra c t  into 1 1  di s t in c t  fra c t i ons o f  vary ing y i eld and 

b i o l o g i c a l  a c t i vi t y . 

The Dowex ion- e x c hange c o lumns used in t h i s  s ep arat ion 

pro c e dure were the only o ne s wh i ch b o und s i gn i fi c ant amount s 

o f  ani on i c , cat i on i c  and amphoteri c material . Whi l s t  ani oni c 

mat er i al did b ind t o  DE c e l lulo s e  anion-exchange c o lumns 

and may have b e e n  e lut e d  from the s e  w i th s a l t  and pH gradi ent s 

( s e c t i o n  2 ) , c ompari s on o f  the e lu t i on re sult s from c e l l u lo s e  

re s in s  achieved in s e c t i on 2 wi th t he s e  ob t a in e d  here from 

Dowe x 50 re s in s  under c omparab le c on d i t ion s , s howe d t hat only 

a very smal l amount of c a t i onic mat e r i al d i d  i n  fact b in d  -
t o  CM ce llulo s e  c a t i on- e x ch ange re s in s . 



FIGURE 4 .  8 

Perce ntage enhan c ement s re c orded for a range o f  

P- 3 conc entrat i on s i s o lated a s  shown in  Figure 4 . 5  

( e - ) ' c ompare d
. 
with t he

. 
p e r cent age 

enhan c ement s re c orded for a range o f  chromium c on­

c entra t i on s  of a c t ive mat e r i a l  i s o l at e d  by  M i r sky 
e t  al  ( Q------0 ) . 
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The s uc c e s s  o f  the s cheme depends on t he c are ful 

cont r o l o f  the pH gradient s used to e lute mat e r i al from 

.8 1 

the D owe x i on-exchange re s in s . I n  p art i c ul �r i t  i s  ne ce s sary 

t o  be able fra c t i onat e the material  which b in d s  t ight l y  t o  

t h e  Dowex 5 0W- X l 2  cat i on e x c hange re s in .  To achi eve t h i s  

t h e  c o l umn h a s  t o  be neu t rali s e d  a s  i t  is  n o t  p o s s ib le t o  

re duce  the a c i di t y  of t h e  loaded c ol umn s imp l y  b y  p a s s age 

through it of e ven very · h i gh c onc ent rat ions of s od ium or 

ammon i um c hl or i de . Suc ce s s ful s ep arat ion s were on ly achiev e d  

when the pH grad i en t s  wer e  generated i n  s it u  b y  pas s in g  

Na 2HP0 4 through t he co l umn , u s ing t h e  int ri n s i c  a c i d i t y  o f  

t h e  l o ad e d  re s in t o  provi de · the var i ab le a c i di c b u ffer c orn­

comp onent .  Gradi ent s produced in t h i s  way were ent i re ly 

rep ro du c i b l e . 

A s  c an b e  seen i n  Tab le 4 . 3  app li c at i on o f  the s epar­

at i on p r o c e dure r e su l t s in e le ven apparent l y  di s c re t e  and 

homo geneous c hromium- c on t a ining fra c t ions from the Mer c k  

y e a s t  e xt ra ct , a not t o o  s urpri s in g  r e s u l t  when t he known 

comp l e x ing propen s ity o f  Cr ( I I I ) ions is c on s i dere d ( Ro l lin­

son et a l  ( 1 9 6 7 ) l  The s e  fra c t i orn were further group e d  into 

thre e c at e gor i e s  b a s ed o n  their b ehaviour on the i on- e x c hange 

co lumn s . The fractions whi c h  b in d  t o  Dowex 5 0  c at i on­

exchange c o lumns at pH 3 . 5  and a l s o  t o  Dowex 1 ani on-exchange 

co l umns at pH 8 . 5  are de s i gnated amphoteri c  ( AM ) , tho s e  

whi c h  show c at ionic  b ehavi our at p H  3 . 5  b u t  d o  not b in d  t o  

anion-e xchange c o l umns a t  p H  8 . 5  are c las s i f i e d  a s  c at ioni c 

( P )  whereas tho s e  that d o  not b ind t o  cat i on - e x change c o lumn s 

at pH 3 . 5  b ut do b ind t o  ani on- e x change c o lumns at pH 8 . 5 are 

c la s s i f i e d  as ani on i c  ( N ) . I t  i s  o f  cour s e  p o s s ib l e  t hat 

al l· t he fra c t i ons are amph o t e r i c  but for di s c us s i on it  i s  

conveni ent t o  re fer t o  t hem a s  de s c ribed . 

Fra c t io ns AM- 1 ,  AM- 2 , AM- 3 ,  and AM- 4 c ompri s ed 6 %  

( Tab l e  4 . 2 )  o f  t he t o t a l  amount o f  e xtract e d  c hromium and 

since t hey exhib ited no b i ologi c a l  ac tivi t y  ( Tab le 4 . 3 )  they 

were c o n s idere d a s  minor c omp onent s  o f  li t t le intere s t . 

The ani o n i c  green c omplex i s o l ated in s e c t i on 2 a s  

the main c omp l e x  as s o c i a t e d  wi th t he chromium chlor i de - s upp l e ­

ment e d  y e a s t  s howed a s im i l ar i on-exchange e l ut i on pro fi le 

t o  t hat for t h e  N-1  c omp le x . The a c t ivi t y  of the i s o lated 
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anionic  green c omp l e x  de ter�ined b y  t h e  a s s ay s y s t em d e s cribed 

i n  s e c t i o n  3 re s u l t e d  in a p er c e nt age enhancement of + 1 5  

and a spe c i fi c  enhanc ement o f  0 . 5 .  These valu e s  c le ar ly 

indicat e i n s igni fi c ant act i v i t y . 

Many s imi l ar i t i e s  b etween N-1 and the anion i c  gr een 

c omp le x  i s o lated i n  s e ct ion 2 are apparen t . Both fra c t i on s  

give a s imi l ar ion-exchange e lu t ion profi J � ,  b o t h  cons t i tu t e  

t h e  maj or c hromium c omplex i s o l a t ed fr om their re sp e c t ive 

s o urce s ,  b o th are ina c t i v e  w i t h  s im i l ar p er c e n t age enhancement 

va lues ( +  1 5 . 3  and + 1 5 )  and both s epara t e  int o 2 fra c t ions 

o n  ge l f i l tration c hromat ography ( N-lA , N-1B ; h i gh mole c u lar 

weight anionic fra c t i on ,  low mo l e c u lar weight an i on i c  fra c t i on }  

Such r e s u lt s sugge s t  that the t wo fract ions ar e ident i c a l , 

The maj or f ra c t ions in t e rm s  o f  t o t a l  amo un t s  o f  

c hromium are the anionic fractions N,....1A , N-1B and N-2 whi ch 

c o l le c t iv e l y  make n e arly 4 4 %  o f  the extra c t ab l e  chromium . 

While N - l A  and N-lB are cle ar l y  b i o l o g i c a l ly ina c t ive , N - 2  

s hows s l i ght a c t iv i t y  and hen c e  p o s s ib ly repre s e n t s  t h e  first  

r eported e xamp le of  a negat i v e l y  c harged c omp l ex with g luc o s e  

t o leran c e  fa ctor a c t i vity . 

S i n c e  it s e ems genera l l y  a c c e pted that t he gluc o s e  

t o lerance fa ctor i s  c a t i on i c  ( Toep fer e t  a l  ( 1 9 7 7 2 ,  M i r s ky 

e t  al ( 1 9 8 0 ) ) the fra ct ion s  o f  mo s t  inter e s t  with r e sp e c t  

t o  the ident ity o f  t h e  gluc o s e  t o l eran ce factor are t h o s e  

c las s i fi e d  a s  P- 1 ,  P-2 , P- 3 and P- 4 ( whi c h  are c a t i oni c at 

l e as t  at p H  3 . 5 ) . Although none o f t he s e  fra c t i on s  c o u l d  

b e  c on s i de re d  t o  b e  p ure i t  s eems l ikely that P - 2  and P-3 
which had low value s for the ab s orb an c e  at 280  · nm/1 0 0  pmo l e s  

o f  chromium are s i gni ficant l y  mor e pure t han P �1 o r  P-4 

( Tab le 4 . 3 ) .  E s t imat e s  o f  the mo l e cular w e i ght s given in 

Tab le 4 . 2  for the e l e ven chromium frac tions show the s p e c t rum 

o f  s i ze s  t o  be e xp e c t ed i f  c hromium b inds to the variotis 

l i gands whi c h  are pre s ent in t h e  y e a s t  and in the growth 

medium . I n  view o f  t he known l a c k  o f  b i o logi c a l  a c t ivity 

of  s imp l e  c hromium ( I I I )  s a l t s ( Anderson ( 1 9 8 0 ) } a t t en� ion 

was  fo c u s ed on the large r  mo ie cu l ar w e ight b i o lo g i c a l l y �  

a c tive frac t i on s , whi ch sugge s t s  that P - 3  i s  the  mo s t  l i ke l y  

c andidate for i den t i fi cat ion with t h e  gluc o s e  t o le ran c e  

factor . 
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The a c t i v i t i e s  d e t e rmined for the l imit e d  range o f  

P- 3 c hromium c o n centrat i on s  are shown in F i gure 4 . 8 .  A t  

chromium concentrat ions o f  fra c t i on P - 3  o f  l e s s  t h a n  1 . 0  

�g/g a l inear r e l a t i o nship between t he p e r c e n t age enhan c ement 

and the P - 3  chromium c on c e n trat i on is app are n t . At h i gher 

c on c e n t rations t he re appe ar s to be s ome l e ve l l ing off o f  

a c t i v i t y  whi c h  s ugge s t s  a p o s s i b le s aturat i on e ff e c t . 

Figure 4 . 8 a l s o  shows a s imi l ar p l o t  o f  t he var i a t i o n  

i n  p e r c e nt age e nhan ceme n t  with c hromium c o n c e nt ra t i on f o r  

a n  a c t i ve s amp l e  a s  d e t e rmined by Mirsky e t  a l  ( 1 9 8 0 ) . The 

chromium c omp le x  c ontent of their a c t ive mat e r i a l  is di s c u s s e d  

i n  more de t a i l  later i n  t h i s s e c t i on but t h e i r  des c rib e d  

proce dure i s  l i k e l y  to p ro duce a n  a c t ive s amp l e  w i t h  a numb e r  

of c a t i onic chromium fra c t i ons . Even a l l owing for t h e  d i ffe r­

enc e s in · t he a c t i ve samp l e s and the s light d i ffere n c e s  in 

the me thod o f  a c t ivity de t e rmina t i o n  the c omp ari s on of t he 

two curve s  shows the two t o  be s im i l a r  in shape . The s imi l ­

arit i e s  o f  t h e  t wo curve s rai s e s  t he que s t i o n  a s  t o  whe ther 

the vary ing p e r c ent age enhancement level mea s ured is due to 

the var i at ion i n  t he c hromium· · c on c e n t rat i on or due to s ome 

other fa�tor . Thi s  que s t ion wi l l  b e  d i s c u s s ed in l at e r  

s e c t i on s . 

The pub l i s hed pro c e dure s for t he i s o l at ion o f  c hromium 

c omp l e x e s  from y e a s t  and y e ast e x t ra c t s  c an now b e  a s s e s s e d  

i n  t e rms o f  t h e  comp l e xe s · i s olated here . S c hwarz and Mert z 

( 19 5 7 ) in their ini t i a l  proposal  o f  t he e x i s t en c e  o f  a gluc o s e  

t o leran c e  fac t o r  u s e d  e i t he r  brewe r ' s  yeas t o r  pork k i dn e y  

powd e r  a s  t he i r  b as i c  s o ur c e . They indi c a t e d  the u s e  o f  

6 -1 2  fract ionat i on s t ep s but did n o t  expan d  their de s c ri p t ion 

o f  t h e  method s involve d .  Mert z ( 19 6 9 )· in h i s  r e vi ew o f  t he 

f i e l d  mak e s  men t i on o f  GTF be ing e xtracted and c o n c e nt ra t e d  

from b rewer ' s  y ea s t  and p o rk kidney p owder b ut he doe s n o t  

rep o r t  detai l s  o f  t h e  i s o l ation and puri f i c a t i o n  me t h o d  u s e d . 

Henc e  c ompar i s o n  of t he me t hods for i s olat i o n  u s e d  here and 

tho s e  u s ed in t he o r i ginal GTF pre p aration i s  imp o s s ib le . 

The fir s t  p ub l i shed de� crip t i on o f  an at t empt t o  

i s o l a t e  and pur i fy GTF was undert aken b y  Vot ava e t  a l  ( 1 9 7 3 ) . 

They grew brewer ' s  y e a s t  on a me d i um cont a i n i n g  chromium� 5 1  

and b y  u s ing b u t anol-H2 0 e xtrac t i o n  c omb ined with g e l  
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chromat o graphy i s o l a t e d  a s ingle rad i oact i ve chromium- 5 1  

p e ak Thi s  peak when chomat o graphed on c at ion ( Dowex 5 0W 

r e s in )  and an ion ( Dowex l re s in )  exc hange c o l umns and e l u t e d  

with var i o u s  concen trat ions o f  NaCl  s howe d o n l y  ani on i c  

c hara c t e r i s t i c s . Unfortuna t e l y  the vari ous  p H  value s and 

c onduc t i vi t i e s  at whi c h  the s amp l e s  were l oade d to t h e s e 

c o lumn s were not d e t a i l e d . The one anioni c comp l e x  whi c h  

t hey d i d  i s o l ate would prob ab ly c orre spond t o  one o f  t he 

maj or ani o n i c  fra c t ion s ( N- l A  or N-lB ) i s o la t e d  here . Unde r 

the e lut i on c ond i t i on s  u s e d  b y  Vo tava et al the cat i on i c  

( P )  fra c t i o n s  and ampho teri c ( AM )  fra c t ions  wou l d  probab ly 

remain b ound to the various  c o l umn s and he. t c e  remain und e t e ­

c t ed . 

Hyd r o l y sat e s  o f  the an i on i c  p eak o b tained b y  Vo t ava 

et al when chromat o grap hed u s ing a s i li c a  ge l method ind i c ­

at e d  the p o s s ible pre s ence o f  t h e  amino a c i d s , leuc ine o r  

i s o leuc ine , proline , valine , alanine , serine and e i t her 

glutami c a c i d · or a sp ar t i c  a c i d . As a crude t e s t  o f  t he 

b io logi c a l  a c t ivity o f  the ani on i c  c omp le x ,  Vot ava e t  al 

t e s te d  the c omp le x for its  ab i l i t y  t o  be retaine d in male 

rat s after a stomach-tubed d o s e . Th ey found an enhan c e d  

r e t ention o v e r  c ontro l s  for whi c h  chromium-51 chloride wa s 

given as a s t omach- t ub ed do s e . 

The maj or crit i c i sm · o f  t h i s  preparat i on mu s t  be the 

p o o r  chrom i um y i e l d  in terms of  the . amount o f  c hromium in 

t h e  ani oni c c omp le x  c ompare d w i t h  that originally pre s ent 

in the growth med i um of the y e a s t . As suming a who le half­

l i fe de c ay pe riod ( 2 7 . 8 day s ) b e twee n the addi t io n  o f  t he 

c h romium into the med i um and · t h e  fin al me a s urement o f  the 

c hromium- 5 1  in t he ani on i c  c omp lex a s  we l l  as a radi o a c t ive 

c ount ing e ff i c i enc y  of e a  1 % , t hen only 0 . 0 4 % of the radi o -

/ a c t i ve c hromium adde d - t o  the y e a s t  me dium was i s o lat e d  in 

t h e  ani oni c c omp lex .  Even a l lowing for the fact t hat muc h  

o f  t h e  rema in ing 9 9 . 9 6 %  o f  t h e  c hromium- 5 1  mus t  have remained 

in the growth med i um the y i e �d i s  s t i l l  very l ow and demons t ­

rat e s  t he ine ffi c i en c y  o f  t he i r  e lu t i on s y s tem . 

The direct a s s o c iat i on o f  the amin o a c i d s  ( charac ter­

i s e d  b y  s i l i c a  ge l c hromat o�raphy ) w i th the chromium- 5 1  mus t  

b e  crit i c i s ed for the fol lowing reason . The t o t a l  c hromium 
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in t h e  y e a s t growth med i um was 4 �g and of t h i s  0 . 0 4 %  was 

i s o la t e d  i n  the anionic c omp le x , t hen the t o t a l  chromium 

i s o la t e d  woul d  have b een 1 . 6 x 1 0- 3  
�g Cr ( 3 1 . 3  x 1 0 - 3  nmole s 

Cr ) . A s s uming a l l  the mate r i a l  b o un d  t o  t h i s c hromium wa s 

hydro l y s ed and chromatographed ,  for the amino a c i d s  t o  b e  

pre sent in a s imi lar mo l ar rat i o  t o  t h e  chromium a de t e c t ion 

limi t for the amino acids  o f the s ame orde r of  magn i t ude as 

the amount of c hromium ( 3 1 . 3  x 10 -3 nmole s )  would be require d . 

Normal de t e c t i on l imi t s  for amino a c i d s on s i l i c a-gel impre­

gnated g l as s p ap e r  would be e a  0 . 0 5 �g ( Ki r c hner ( 1 9 7 8 ) ) 

whi c h  a s s uming an average amin o  a c i d  mo le c u lar wei ght o f  

1 4 0  c orre sponds t o .  e a  3 5 7  x 1 0 - 3  nmo l e s  o f  amino a c i d . Thu s 

the minimum mo l ar amount o f  amino a c i d  that c ould have b een 

de t e c t e d  wou l d  have c orre s p onded t o  at l e a s t  a ten fold 

exce s s  over the number of  mole s of  chromium- 5 1 . The re fore 

i t  s eems l i k e l y  t hat the s e  amino a c i d s  were i mp ur i t i e s  and 

not ( ne c e s sari l y ) comp le x e d  t o  the chromi um as c on c lud e d  b y  

Vot ava e t  al . 

Toep fer e t  al ( 19 7 7 ) have pub l i shed a pro c e dure for 

i s o la t i n g  a b i o l ogical ly- a c t ive cat i onic frac t i on from brew­

er ' s  y ea s t  ( �  c ar l sb erge n s i s ) whi c h  has b e c ome the s t an d ard 

and much quote d s our c e  o f  GTF . I n  t h e  pre liminary s t ep s an 

aque o u s  y e a s t  e xt ract  was t re a t e d  wi t h  ac t iv a t e d  charcoal  

from wh i c h  mat e ri a l  was  e luted w i t h  NH4 oH and d i e thy l ether . ­

After remova l o f  the NH 4 0H and e t her , curi o u s l y  t he mat erial  

was t hen hydro l y s ed b y  re f l uxing in 
·
H C l  ( 5  M)  for 18  h o ur s . 

Thi s  h y droly s a t e  was loaded ont o a Dowex 5 0  W-X8 c o lumn and 

the a c t i ve mat e r i a l  was e luted in a b road p e ak with 0 . 1  M 

NH4 0H . Ammon i um hydro x i de when . u s e d as an e lu t ion agent in 

thi s l ab orat ory re sulted in a l l  the b ound c hromium c o mp l e x e s  

being e lut e d  a s  s ingle unre s o lv e d  p e ak .  The e lut i o n  report e d  

b y  Toe p fe r e t  a l  i s  i n  agreement w i t h  thi s . Hence  a s s uming 

that mo s t  of the chromium c omp le xe s pre sent in t he aque ous 

ext r a c t  b ound to and were e lute d  from , the a c t ivat e d  c harcoal 

then t he broad p eak e lu t e d  from the Dowex S O  c o lumn c o u l d  

cont a i n  8 di fferent c hromium frac t i on s  ( P- 1 , P - 2 , P - 3 , P - 4 , 

AM-1 , AM- 2 , AM- 3 and AM- 4 )  and prob ab ly b e c au s e  o f  the s e vere 

hydroly s i s  c on d i t ion s  u s e d , hydro l y s i s  produ c t s  of t he s e  

frac t i o n s . 
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Toep fer e t  a l  at t emp t e d  t o  chemi c a l l y  charac t er i s e  

t h e  samp l e s  prepared in thi s way b y  u s ing a var i e t y  o f  

phy s i c al t e c hnique s s uch as  u ltra violet-v i s ib le spe c t ro s c op y  

and infra-red spe c t ro s copy a s  we l l  a s  b y  chemi c a l  ana l y s e s , 

From t he s e  s t udi e s  they c laime d t o  have de t e c t e d  the pre sence  

of  gly c ine , glutam i c  acid , c y s t e ine and n i c o t in i c  a c i d  

a s s o c ia t e d  with t h e  c hromium . 

H owever a s s uming that t he brewer ' s  y e a s t  s amp l e  u s e d  

h a d  a norma l chromium leve l o f  e a  l)lg/gram and a l lowing for 

a l O O % � ret ent ion of the chromium t hroughout the e x t ra c t i on 

and i s o la t i on pro c e dure ( wh i c h  i s  unl i ke l y ) then t he c on c ent ­

rat i on o f  the c hromium c omp l e x  in the final e luat e  from the 

Dowex 5 0W-X8 c o l umn would have b e en about 3 . 3  x l o �3 g/1 , 

I f  the c omp lex had a mo l e c ul ar wei ght of ea 4 o o , the c on c ent ­

ration o f  t he c omp l ex wou ld b e  approxima t e ly 4 . 3  x l 0 ,..... 4 :M .  
A t  this  c on c entrat ion o f  c omp le x , i f  the attached l i gand s 

were n i c o t in i c  ac i d  and amino a c i d s , the max imum op t i c a l  

dens i t y  at 2 6 2  nm wou l d  be ab out 8 . 0  wher eas the op t i c a l  

dens i t y  ob s erved a t  t hi s  wave lengt h was in fa c t  1 6 0 , At t emp t ­

ing t o  characteri s e  t he s t ruc t ure o f  what mu s t  therefore b e  

rather impure samp l � s  i s  l i ab l e  t o  lead t o  mi s le ading re sult s 

and t he data ob tained probab l y  more c orre c t l y  r e f l e c t  the 

maj or impur i t i e s  a s s o ciated with the chromium c omp l e·xe s ,  

Certainly the hydro l y s i s  o f  t h e  y e a s t  extrac t wou l d  have 

r e s u l t e d  in an abundance of amino a c ids and n i c o t i n i c  a c i d  

whi c h  c o u l d  have contaminat e d  t h e  chromium fr ac t i on s . 

K ump ulainen e t  al ( 1 9 7 8 )  have extra c t e d  b ot h  anion i c  

and cat i on i c  chromium-containing fra c t ion s  from b r ewer � s  

y east ( �  uvarum e x  � car l sb ergen s i s ) grown on rad i oac t i ve 

c hromium ( I I I )  chloride and have a l s o  extra c t e d  c hromium­

c ontaining fra c t i ons from t h e  spent and s t e r i l e  m e d i um re spe ­

c t ive ly . Unfort unat e ly they d o  not  e xpl i c i t ly report the pH 

a t  whi c h  they loaded the Dowex 5 0 -X 8  cation-e x c hange c o l umn . 

However i f  for examp le loading wa s at pH 6-7  · th e ir cat ionic 

frac t i on would c on t a in P-1 , P - 2 , P - 3 , 

o f  AM- 1 , AM- 2 , AM- 3 and AM- 4 . 
as  t h e s e  

res Q lved b y  e lu t i on with 0 - 2  M NH 4 0H . 

P - 4 and probab l y  s ome 

fra c t i ons wou ld not b e  

The S ephade x QAE A-2 5 

anion- e x ch ange c o lumn u s e d  b y  the s e  workers t o  s eparate 

anioni c chromium- c ont aining fra c t ions doe s not a l low a d ire c t  

c ompari son with t he result s d e s cr ib e d  here . 
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Mirsky e t  a l  have re c ent l y  att emp t e d  t o  i so lat e G TF 

from y e a s t  e xtrac t ( Mi r sky et al ( 1 9 8 0 ) ) .  The e xt ra c t  was 

first d i al y s ed in order t o . s eparate h igh mo l e c u lar we i ght 

c omponents  from GTF and o t h er lower mo lecular weight mat erial . 

Howeve r , no s i gni fi c ant pur ificat i on was ob t ained by t h i s  

me thod during t he c o ur s e  o f  the pre s ent work s ince the y e a s t  

e x t r a c t  s eeme d  c omp l e t e l y  p ermeab le t o  the 3 5 0 0  mo le c u l ar 

we i gh t  c ut - o f f  dialy s i s  membrance . Aft er the d i aly s i s  s t e p  

Mi r sk y  e t  a l  u s ed a DEAE - I I  c e l l ul o s e  column and then a 

Dowe x 5 0 -X8 c o l umn b ut unfortunat e l y  they d i d  not spe c i fy 

the s amp le pH and c onduc t ivity . 

The DEAE c o lumn when e lut e d  w i th an NH 4 C l  grad i en t  

showed only background c hromium l e ve l s  so pre sumab l y  t h e  

ampho t e r i c  and an i on i c  p e a k s  ( AM-l , AM- 2 ,  AM- 3 , AM- 4 ,  N-1 , N - 2 ) 

had remaine d b ound t o  t h e  c o lumn . E lution o f  t he Dowe x 5 0  

c o lumn was in t wo s tage s f i r s t l y  w i t h  an NH4 C l  gradi ent 

during whi c h  n o  chromium p e ak s were e l ut e d  and then wi t h  

0 . 2 5 NH4 0H whi c h  was re spon sib le for the e lu t ion o f  a s ingle 

chromium peak . Thi s p e ak would have cont ained all the 

c a t i on i c  peak s  ( P- 1 , P-2 , P- 3 ,  P- 4 ) . 

A pos s i b l e  c r t t e r i on for the puri t y  o f  chrom i um 

fra c t i ons has b e en de s c rib e d  in t h i s  s e c t i c n  a s  the ab s orb ance 

at 2 8 0 nm per l O O  pmo le s of chromium in the s amp l e . None 

of t he fra c t i o n s  i s o lated here ( or from the o t her p ub l i shed 

pro c e dure s )  c ou ld b e  c on s i dered pure by thi s crit e r i on and 

mu s t  s t i l l  b e  a s s o c iat e d  with e xtraneous mat er i a l . A l l  

a t t e mp t s  t o  de termine t he s tructure o f  such impure s amp l e s  

mus t  b e  viewed with s u s p i c ion . 

4 . 5  CONCLUS I ON 

The i so l at ion o f  t h e  e l even d i s t in c t  c hromium fra c t i on s  

de s c r i b e d  i n  t h i s  s e c t i o n , has enab l e  for the fi r s t  t ime the 

e s tab l i shment o f  a sold basis  for further work . Only b y  

working with d i s tinct , puri fied c hromium c omp l exe s c an c harac t ­

i s at i on r e s u lt s have any real me aning and un fortunat e l y  the 

work c arried out t o  date i n  t h i s field b y  other ne s earchers 

ha s not  invo l v e d  such d i s c rete c hromium comp l e x e s  and c ons eque ­

nt l y  t he char a c teri s at i on s  per formed on t h e s e  mus t  b e  c ons id ere d  

at t h e  very l e a s t , with s ome s kep t i c i sm .  

De terminat ion o f  t he a c t i v i t y  of the e l even i s o la t e d  
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c omp l e xe s has  enab l e d  t he e l iminat i on o f  ampho t e r i c  and 

anion i c  c omp lexe s from furt her con s i derat i on for gluc o s e  

t o leranc e  factor a c t iv i t y . I t  has con firme d t he ob s ervat i o n s  

o f  Toepfer et al ( 1 9 7 7 )  and M i r sky et a l  ( 1 9 8 0 ) t ha t  the 

ob s erve d a c t ivi t y  is due t o  a c at i onic  comp l e x  or mat e r i a l . 

Un fortuna t e ly the p ur i fi c at ion o f  the c at i on i c  mat erial i n  

o ther pub l i shed pro c e dure s has b een ac hieve d  b y  the e lu t i on 

o f  the frac t i ons with NH4 oH . Not only doe s t h i s  pro cedure 

e lute s everal b ound c hromium fract ions under a s ingle  unre­

so lved p e ak but it  a l so c an c au s e  an a c t i vat ing e ffect  on 

frac t ions  e luted in t h i s  way . Thi s  phenome non wi l l  be further 

d i s cus s e d  i n  s e c t i on 8 . 4 . 

The resu l t s reported in t h i s  s e c t i on indicate  t hat 

the a c t i ve cation i c  c omp l e xe s P - 1 , P - 2 , P- 3 ,  P-4 warrant 

further inve s t igat i on with p art i cular emphas i s  on t he frac t io n  

w i th t h e  h i gh e s t  a c t ivity , P 3 . 



SEC T I ON 5 

THE ORIGIN OF C HROMIUM-C ONTA I NI N G  FRACTI ON S  I SOLATED F ROM 

YEAST . 

5 . 1  INTRODUC TION 

8 9  

I n  s e c t i on 4 i t  was s hown t hat commer c i a l  yeast  extrac t 

c on t ained e le ven app arent ly d i s t in c t  chromium frac t i on s . I t  _ 

s e ems mo s t  un likely t hat each o f  t he s e  wo u l d  have i t s  own 

me t ab o l i c  fun c t ion in t he yeast but rathe r t hat s ome are 

art e fa c t s  as  a re sult  of the c hromi um forming s t ab le c omp lexe s 

wi t h  any avai lable l i gands pres ent in the medium . 

I t  wa s t he aim o f  the work d e s c rib ed in t h i s  s e c t i on 

t o  u s e  t he c o l umn pro c e dure s e s t ab l i shed i n  s e c t i on 4 t o  

det ermine the origin o f  the s e  c hromium fra c t ions . However 

it was nec e s s ary to be aware t hat not only c ould d i fferent 

growt h c o nd i t i ons for the yeast  lead to d i fferent c hromium 

c omp l ex e s  but  also t hat t he c ond i t i ons u s e d  in the pur ifi ca­

t i on s c heme may alter e x i s t ing c omp lexes or c reat e new 

chromium c omp l e xes . 

I n  an attempt t o  r e s o lve t h e s e  que s t i ons the fo l lowing 

experimen t s  were c arr i e d  out . Two chromium chloride- s upple­

men t e d  media were prepare d , one wi t h  yeas t and one wi t hout , 

bot h b e ing s haken under aerob i c  c ondit ions for abo ut t wenty ­

four day s . The s e  experiment s were a l s o  repeated with c hromium 

- 5 1  i n s t ead of chromi um chloride . The yeas t - c ontaining medi um 

wa s c en t r i fuged and t he yeast  extracted . The c hromium frac­

t i on s  pre s en t  in the fo l lowing t hree s o lut i on s  were t hen 

s t ud i e d . 

1 .  A medium s o lut ion whi c h  had never c ontained yeast 

and whic h  wi l l  be referred t o  a s  s uppleme n t e d  med ium . Any 

chromium comp lexes  i s o lated from s uch a s o l u t i on mu s t  be 

formed by reac t ion of the c hromium wi th c omponent s o f  the 

med i um or wi t h  c o lumn e luent reagent s . 

2 .  The med ium s o lution whi ch had c on t ained t he yeast  

and whi c h  w i l l  be re ferred t o  a s  s p ent s upp l ement e d  medium . 

In add i t ion t o  the c hromium c bmp l e xe s pre s ent in t he s upp l e ­

men t e d  med i um thi s  s o lut i on c ould c ontain yeast -produ c e d  

chromium c omp lexe s whi c h  have b e e n  transported acro s s  the ' 

c e l l  membran e . 
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3 .  A s o lut i on c ontaining a l l  aqueous e x t r ac t ab l e  

chromium c omp le x e s from the y ea s t . Be s ide s the c hromium 

c pmplexe s formed i n  the y ea s t  c e l l  the solut i on may a l s o  

contain c hromium c omplexes  whi ch are produ c e d  i n  the meqi um 

and sub s equent ly t rans ported int o the yeas t c e l l . 

W i t h  the informat i on from s uc h  a s t udy i t  was hoped 

to d ivide the chromium fra c t ions into two group s . One group 

of c omp l e x e s  t ha t  aro s e  s imp ly a s  a r e sult o f  t he r e a c t i on o f  

chromium with med i a  component s or c o l umn e luen t s  a n d  whi ch 

cannot have any e s s ential me t abo l i c  funct i on i n  yeast ( and 

pres umab ly no a c t i vity in t h e  y e a s t  a s s ay )  ( Group I )  and 

another group o f  c omp lexe s ( Group I I )  that are formed only 

in the y ea s t  and o c cur onl y in the yeast  or t he s pent medium . 

5 . 2  METHODS AND MATERI ALS 

5 . 2 . 1  Ye a s t  and media s amp le s . 

The chromium chloride- supplemented med i a  e i ther wi t h  

yeast ( 2  1 )  o r  w i t hout yeas t ( l  l )  were prepare d  a s  d e s c ribed 

in s e c t i on 2 . 2 . 1 c with the only ingred ient omi t t ed in t he 

yeas t - fr e e  me dia b e ing t he yeas t . The yeast was harve s t ed 

aft er 2 5  day s in the supp lemen t e d  med ium .  

A l ow- c hromium s amp l e  o f  the y east inno c u l um ( a  s train 

os  S .  c e revi s i ae ) was prepared for t he chromium- 5 1- s upp lement­

at ion s t ud ie s by a three- fo ld growt h on the c hromium-de f i c ient 

med ium prepared a s  d e s c ribed in s e c t i on 3 . 1 ,  e x c ep t  for t he 

add i t i on o f  the radioac t ive c hromium- 5 1 .  The amount s o f  

chromi um- 5 1  u s ed . were 1 mC i for the y e ast- free me d i um s o lut ion 

( 2 5 0  cm3) and 3 mCi for the y e a s t - c ont aining med i um ( 5 0 0  cm3 ) .  

Supplementat ion w a s  also  a l l owed t o  o c cur over a period o f  

25  day s b efore harve s t ing by cent r i fugat ion . 

5 . . 2 i 2 I on-exchange chromat o graphy . 

The pro c e dure u s e d  for the i s o lat i on o f  c hromium­

containing frac t ions from t h e  d i fferent s t art ing mat e r i a l s  

was b a s e d  o n  the y e as t  e xt r a c t  i so l a t i on s cheme d e s cribed 

in  s e c t i on 4 wit h Dowex 5 0W- X 1 2  a s  the cation- e x c hanger and 

Dowex 1-XS  as the ani on- e x c hanger . 

For the chromium c hl or i d e - s upp lement at i o n  experiment s 

there was alway s a much l arger c o l umn loading v o lume than 

for t he c hromium- 5 1  suppl ement at i on , hence the c o lumn volumes 



9 1  

ranged from 2 0  cm3 t o  5 0  cm3 in t h e  former c a s e , and from 

5 cm3 to 15 c m3 in the latter . Condit ions u s ed during t he 

loading o f  t h e s e  re s i n s  were a f low rate o f  l e s s  t han 1 cm3/ 

min ,  and a c onduc t i vi t y  o f  the s amp le of l e s s than 2 0 0 0  pmho , 

The Dowex 5 0W-X l 2  re s i n  was l o ad ed at pH 3 . 5  whi le t he Dowex 

l-X8 re s in was l oaded at pH 8 . 5 .  

The me t hod o f  e l ut ion was a s  de s c r i b e d  in s e c t i on 4 

e x cept  that a l e s s  s evere pH gradient was u s e d . The e lut ion 

p r o c edures  are s ummari e d  in Tab l e  5 . 1 .  

TABLE 5 . 1  E LUTION CONDITION S  FOR ION-EXCHANGE CHROMATOGRAPHY . 

- ' I Re lat ive 

Elut ion Gradi ent Vo lumes 

Re s in Type or So lut i on o f  E luent 

( i )  0 . 2  M NaH 2 P o4 unt i l  pH = 4 . 1  6 

( i i )  Gradient 0 . 2 M NaH 2Po 4 3 V 3 

Dowex 5 0W-X l 2  
v 0 . 1  M Na2 H P 0 4 

( i ii ) Gradi ent 0 . 1  M Na2 HP0 4 3 V 3 . 

v 0 . 0 5 M Na 3P o4 

( i v )  0 . 0 5 M Na 3 P o 4 1 

( i ) Gradient 0 . 1 9 M Tri s -H C l ,  3 V 3 

pH 8 . 5  ( 2 0 0 0  }lmho ) 

V 0 . 1 9 M Tr i s -H C l  + 0 . 1 6 M NaC l : 

p H  8 . 5 ( l O , O O O
.
pmho } 

( i i )  Gradient 0 . 1 9 M Tri s -H C l  3 V 3 

+ 0 . 1 6 M NaC l ,  p H  8 . 5  
Dowex l-X8 ( 1 0 , 0 0 0  pmho ) 

V 0 .  35  M A c e t i c  a c id 

+ 0 . 1 9 M NaC l ( 1 0 , 0 0 0  pmho ) 

( i i i ) Gradient 0 . 3 5 M Ace t i c  acid 3 V 3 

+ 0 . 1 9 M NaC l  ( 1 0 , 0 0 0  pmho ) 

V 0 . 0 7 M H C l  ( 1 0 , 0 0 0  pmho ) 

( iv )  l .  3 3  M HC l 1 
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5 . 2 . 3 . Chromium analys i s . 

Analy s i s  o f  chromi um · chlori d e - s upp lement e d  med i a  was 

carrie d o ut by f l ame at omi c ab sorp t i on sp e c tr o s c opy as  d e s ­

cribed i n  s e c t i o n  2 .  S imi larly c hromium- 5 1  radioac t i v i t y  

was me a s ured o n  a Pac kard Auto Gamma Sc int i l lat i on Spe c t ra­

met er , Model 5 2 8 5 . 

5 . 2 . 4  A c t ivi ty . 

A c t ivity was measured for s u i t able s amp l e s  b y  t he 

standard method d e s cribed in s e c t i on 3 .  

5 . 2 . 5  Opt i c al d en s i t y  at 2 8 0  nm , p H  and c onduct ivity  

meas ureme n t s . 

The s e  were undert ake n as d e s c r ibed in s e c t ion 2 .  

5 . 3 .  RESULTS 

Table 5 . 2  l i s t s  the 6 di fferent sy s t ems on whi c h  

c omp l e t e  chromium complex i s o lat i on was und ertaken . 

TABLE 5 . 2  STARTING SOURCE S OLUTIONS F OR C OMPLETE COMP LEX 

I S OLAT I ON . 

( i ) 

( i i )  

( i i i )  

( iv )  

( v ) 

( iv )  

Chromium chloride - s upplemen t e d  med ium wit hout y ea s t . 

Chromium chloride - s upp lement e d  spent medium . 

C hromium c hloride- s upp leme nt e d  ext rac t ed yeast . 

C hromium- 5 1 - s upp lemented med i um wit hout yea s t . 

Chromium- 5 1- s upp lement ed spent med i um . 

Chromium- 5 1 - s upp lemented extracted y e as t . 

S ome 3 4 d i fferent c o lumn s w&r e  required for the s e  

s i x  d i fferent s y s t ems . Only the c hromium peak p o s i t i o n s  

are ful l y  report e d . Smal l vari at ions in pH and cond u c t ivit y 

d i d  o c c ur from one c o l umn t o  the n e xt but an average p ro f i l e  

for b o t h  the ani on and c a t ion-exc hange c o lumns i s  s hown i n  

Figure 5 . 1 .  

Throughou t  the i s o lat ions reported here d i r e c t  c orn-

/ pari s on i s  made with the e leven c omp l exe s ( P- 1  t o  P - 4 ,  AM- 1 

t o  AM- 4 and N- 1 t o  N- 2 )  i s o lated from yeast  e xtract . During 

a c o l umn elut i on , if a pe ak is o lat e d  from the supplement e d  

s y s t em was n o t  d i r e c t ly a l i gned w i t h  a peak i s o lated from 

t he y e a s t  extra c t , or was a peak whi c h  was not p re s en t  in 

the �ye a s t extract  i s olat i on , the the peak wa s a�b it r ar i ly 

lab e l le d  b y  the addit i on or sub t r a c t i on o f  a de c imal numb er 



FI GURE 5 . 1 

Plot showing t h e  s t andard e lut i on profi l e s  for pH 

and c ondu c t i v i t y  ari s in g  from the e lu t i on c on di t i ons 

de s cribed i n  Tab le 5 . 1  for both Dowe x 5 0W-X l 2  re s in 

( pH � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) , c onduc t iv i t y (- . .  - · · - · · - · · - · · 

- · · - ·) )  and Dowe x 1 - X B  re s i n  ( pH (- . . .  o . . . . . . . . . o . . . .  o. ;  .. o . . . .  o . . . . o . . . .  ) 
conduc t i  v i  ty (- . .  o - . . o - . .  o - . . o - .. o - · · o - ·) )  . 
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to the s ub s cript  o f  the c l o s e st y e as t e xtract p e ak . Wh i le 

the magni t ude o f  the add e d  o r  sub tract e d  d e c imal fr a c t i on 

do e s  ind i c at e  t h e  p eak po s it i on re lat i ve t o  other p e aks it 

9 4  

is not an ind i c at ion o f  an e x a c t  peak pos i t i on . For example , 

in Figure 5 . 3  ( B , C and D ) , AM-1 . 5  i s  a lab e l  for pe ak s  

appearing t o  t h e  r i ght o f  t h e  y e a s t  extract p eak , AM- 1 , in 

Figure 5 . 3  ( A )  whi l e  F i gure 5 . 6  ( C )  P - 3 - . 3  is a p eak appear­

ing to t he l e ft o f  the yeast peak , P - 3 , in F i gure 5 . 6  ( A ) . 

During t he rep ort ing and discussion of results for each column 

total c hromium re fers t o  t he amount o f  chromium in the  aqueous 

extra c t  b e fore the i s o lat i on pro c edure has commen c e d , whi l e  

the �ndi vidual p e r c entage s report e d  re lat e t o  t h e  amount o f  

this t o t a l  chromium pre s ent i n  e a c h  fract ion . 

5 . 3 . 1  Supp lemen tat ions with chromium chloride . 

A s ummary o f  the c hromium- c on t a ining peaks i s o l at e d  

from t he var io u s  s o lut ions ob tained a ft er the chromium 

chloride s upp lemen t ation e xp e r imen t s  i s  given in Tab le 5 . � ,  

toget her with t ho s e  peaks i s o lat e d  from y e a s t  e xt ra c t  for 

compari s on . The s e  dat a are repr e s ented graph i c al l y  in 

Figure s 5 . 2 , 5 . 3 , 5 . 4 , 5 . 5 , 5 . 6  and 5'. ' 7 The i d d: re c t i onal 

arrows ( f ) in Tab l e  5 . 3  s ho w  t he sh i ft in p e ak p o s i t i on 

whi c h  wou ld b e  required to b r ing a l i gnment of t h e  supp l e ­

ment e d  peaks wi t h  a yeast  e xtract p eak . Altern at ively where 

a yeas t e xtract p e ak is ab s en t  t h e  direct i onal arrow ind i c a t e s  

a peak s h i ft whi c h  would r e s u l t  i n  al i gnment o f  a s upplement e d  

spent medium or a n  extra c t e d  y e a s t  p e ak w i t h  a s upp lemente d  

med i um p e ak . S ome o f  t he s e  p e ak s h i ft s may b e  t o o  lar ge t o  

b e  due t o  inter- c � lumn var iat ions and may b e  d i s c r e t e  p eaks 

in t h e i r  own r i ght . 

The s ix c o l umn i s olat i on proce dure whi c h  was the s ame 

as t he e lu t i on proc edure de s cribed in se c t i on 4 gives  i n  

summary , the fo l l owing frac t ions . 

( i ) C o lumn I ,  Dowex 5 0W-X l 2 ,  i solat i on o f  c rude 

fra c t i ons I and II c ontaining c at i o n i c  and 

ampho teric  mate r i al ( Fi gur e 5 . 2 ) . 

( i i )  C o l umn II , Dowex 1-XB , i so lat ion o f  amph o t e r i c  

mat e r i a l  ( Part I )  c ontaining c hromium fra c t i on s  

AM- 1 t o  AM- 1 . 9  ( Fi gure 5 . 3 ) . 



F I GURE 5 . . 2 A , B , C , D .  

The separa t i o n  o f  s t art in g  s ource s in t o  c rude 

fra c t i ons I and I I , c on t aining c a t i o n i c  and 

amph o t e ri c mate r i al by u s in g  Dowex 5 0W-X l 2 re s in . 

A ( ye a s t  e xtract ) , B · ( s upp l ement e d  me di urn ) , ' 

C ( spent s upp l ernent e q  me d ium ) , D ( e xt ra c t e d  y e a st ) . 

The p e r c entage o f  t o t a l  c hromium in e i c h  p e ak 

shown b y  ( 0 ) . 
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F I GURE 5 . 3  A ,  B ,  C ,  D .  

The i s o lat i on o f  ampho t e r i c  fract ions ari s ing from 

t h e  further fra c t i o nat i on o f  crude fra c t i on I 

( F i gure 5 . 2 ) b y  u s in g  Dowex 1-XS re s in . A ( y e a s t  

e x t ra c t ) , B  ( supp lemen t e d  me d i um ) , C ( spent s upp l e ­

mented med i um ) , D ( e xt ra c t e d  yeast ) . T h e  percent­

age o f  t o t al chromium in each peak s hown b y  ( 

( 
0 and t h e  sp e c i fi c  act ivit y s hown b y  

I ) . 
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F IGURE 5 . 4 A ,  B ,  C ,  D .  

The i s o l at i on o f · ampho t e r i c  frac t i on s  ar i s in g  from 

the furt her fra c t i onation o f  c rude fra c t i on I I  

( Fi gure 5 . 2 )  by u s ing Dowex 1-X S re s in . A ( y ea s t  

e xt ra c t ) ,  B ( s upp leme�ted me dium ) , C ( spent s upp le­

men t e d  medium) , D ( extra c t e d  yea s t ) .  The p e r cent age 

of t o t a l  c hromium in e a c h  p e ak s hown by ( 0 
) and t h e  spe c i fi c a c t ivity  s hown by ( 

I ) . 
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F I GURE 5 . 5  A ,  B ,  C ,  D . 

The i s o lat i on o f  c a t i on i c  fra c t i on s  ar i s ing from the 

furt her fra c t i onat i on of crude fract ion I ( Fi gur e 

5 . 2 )  b y  u s i n g  Dowex 5 0W- X l 2  re s in . A ( y e a s t  e x i iac t ) , 

B ( supp l emented me di um ) , C ( spent s upp leme n t e d  med i um )  

D ( e xt ra c t e d  y east ) .  The p e r centage o f  t o t al c hromium 

in e a c h  p e ak s hown .b y  ( 0 and the 

spe c i fi c  a c t i v i t y  s hown b y  ( I ) . 
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F I GURE 5 . 6  A ,  B ,  C ,  D .  

Th e i s o la t i on o f  c at i on i c  fract ions arl s lng fr om the 

furt her fra c t iona t i on of c rude fract i on I I  ( Fi gure 

5 . 2 )  by u s in g  Dowe x 5 0W-X l 2  re s in . A ( ye a s t  e x t ra c t ) ,  

B ( s upp lemented me d i um ) , C ( spent s up p l emen t e d  med i um )  

D ( e xt ra c t e d yeas t ) . . The p e r c ent age o f  the t ot a l  

chromium i n  e a c h  p e ak shown b y  ( 0 ) and 

the spe c i fi c  a c t ivi t y  shown b y  ) .  
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FI GURE 5 . 7  A ,  B ,  C ,  D .  

The i s o l ation o f  ani o n i c  fra c t ions ari s in g  from the 

fra c t ionation o f  the e ff luent from C o lumn I by u s in g  

Dowex l-X8 re s in . A ( ye a s t  e xtra c t ) ,  B ( supp lement e d  

me d i um ) , c ( spent  sup p l eme n t e d  Me d i um ) , D ( ex t ra c t e d  

y e a s t ) . The p e r c entage of the t o t a l  chromium in 

e a c h  p e ak shown by ( 0 ) and t he s p e c i -

f i e  a c t ivity s hown b y  ( I ) . 
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1 0 2  

( i i i )  Column I I I ,  Dowex l-X8 i s o l a t i on o f  amphot eri c 

mat erial  ( Part I I )  containing c hromium fra c t i on s  

AM- 2 t o  AM- 4 . 5  ( Fi gure 5 . 4 ) .  

( i v )  C o l umn IV , Dowex 5 0W-Xl2 i s olat i on o f  c a t i o n i c  

mat eri a l  ( Part I )  c ontaining chromium fra c t ions 

P - 1  t o  F- 2 ( Fi gure 5 . 5 ) . 

( v )  Column V ,  Dowex 5 0W-Xl 2  i s o la t i on o f  c at io n i c  

mat erial ( Par t I I ) c ontaining c hromium fra c t i ons 

P - 3 - . 3  to  P- 4 ( Fi gure 5 . 6 ) . 

( vi )  Column VI , Dowex l -X8 i s o l at i on o f  an ion i c  

mat er i al c ontaining c hrom ium fra c t i ons N-l t o  N-2 

( Figure 5 . 7 ) . 

E a ch o f  the F i gure s  5 . 2  t o  5 . 7 have b een s ub d ivided 

int o A ,  B ,  C and D where A refers to t he y ea s t  extract i so­

lat i on i n  s e c t i on 4 , 8 t o  the s upp lemented · me d ium , C to  t he 

spent s up p lemented medium and D t o  the extrac t e d  y e as t . 

5 . 3 . 2  S upp lementat i ons w i t h  c hromium-51 

The re sult s o b t ained from the c hromium - 5l s upp lement­

ation expe r iment s  are shown in Tab l e  5 , t ,  The s ame s ix 

c o lumn p r o c e dure was u s ed a s  d e s cribed for the c hromium 

c hlori de s upp leme n t a t i on experimen t s  with the re sult s s hown 

in F i gure 5 . 8  ( c o lumn I ) , F i gure 5 . 9 ( c o lumn Ti l , F i gure 5 . l 0  

( c olumn I I I ) , Fi gure 5 . ll ( c o lumn IV ) , Fi gur e 5 . 1 2  (c o lumn V )  
and F i gure 5 . 1 3 ( c o l umn VI ) .  Again i n  thes ; f i gure s the 

la bel A r e fers  t o  t h e  yeast extrac t , B t o  the supp lemen t e d  

medium , C t o  t h e  spent s upp l emented medium a n d  D t o  t h e  

e xtrac t e d  y e a s t . 

I n  t he c a s e  o f  the c hromium- 51- supp lement e d  medi�m 

t he i s o l a t i on pro c edure was i n c omp l e t e  because  o f  the very 

low y ± e l d  obtained for peak II from the e lut i on of c o lumn I 
( Fi gure 5 . 8 ,  B ) . To compen s a t e  for thi s de f i c i e n c y , p e ak s  

ari sing from peak I I  from the e lut i on o f  c ol umn I from t he 

c hromium c h l ori de - supp leme n t e d  med i um have b ee n  i n c lude d . 

The s e  a d d i t ional peaks  woul d  appear in Fi gu�e 8 5 . 1 0  ( B )  ( no 

p eaks would b e  t r an s ferred t o  F i gure 5 . 1 2 ( B ) ) and are s hown 

i n  Tab le 5 . 4 by me an s of an � .  



FI GURE 5 . 8 A ,  B ,  C ,  D .  

The s eparat i on o f  starting s ource s o lut i on s  int o 

crude fra c t i on s  I and I i , c ontain in g  c at i on i c  and 

ampho t e r i c  mat e r i a l  by u s ing Dowex 5 0W-X l 2  r e s in . 

A ( y eas t extrac t ) , B ( s upplemented me d i um ) , C ( spent 

supp lement e d  me d i um ) , D ( e x t ra c t e d  y e a s t ) .  The per­

c en tage o f  t o t a l  c hromium in each p e ak s hown by 

( 0 ) . 
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F I GURE 5 . 9  A ,  B ,  C ,  D .  

The i s o l at i on o f  ampho t e r i c  frac t i ons ari s ing from 

t h e  further frac t ionat i on of c rude fra c t i on I ( Fi gure 

5 . 8 ) by u s in g  Dowex l - X 8  re s i n . A ( ye a s t  extract ) ,  

B ( supplemented me d i um ) , C ( spent s up p l eme n t e d  me d i um ) , 

D ( ex t rac t e d  y e a s t ) . . The perc�nt age o f  t o t a l  c hrom i um 

in e a c h  peak shown b y  ( 0 ) and the s pe c i -

f i c a c t ivity  shown b y  ( I ) .  
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FI GURE 5 . 1 0 A ,  B ,  C ,  D .  

The i s o la t i on o f  amp ho t e r i c  fract i on s  ari s ing from 

the further fra c t i onat i on . o f  crude fra c t i on I I  

( Fi gure 5 . 8 )  b y  us i n g  Dowex 1-XB re s in . A ( yeas t  

e xt ra c t ) ,  B ( s upp lement e d  me dium ) , C ( s pent supp l e ­

men t e d  medium ) , D ( e xtrac t e d  y e a s t ) .  T h e  percen tage 

of t o t a l  chromium in e ach pe ak shown by ( 0 
and t h e  spe c i fi c  a c t ivity shown b y  ( 

I ) .  
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F I GURE 5 . 1 1 A ,  B ,  C ,  D .  

The i s o lat i on o f  c a t i on i c  fra c t i on s  ari s ing from t he 

fur ther frac t i onat i o n  o f  crude frac t i on I ( Fi gure 

5 . 8 ) by u s ing Dowex 5 0W - X 1 2  resin . A ( y east  ext ract ) 

B ( supp lemented me d i um ) , · c ( spent s upp le mented me d i um )  

D ( e xtra c t e d  y e a s t ) .  The p e rc ent a ge o f  the t o t a l  

c hromium in e a c h  p e ak shown b y  0 ) and 

the spe c i fi c a c t i vi t y  s hown by I ) .  
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FIGURE 5 . 12 A �  B ,  C ,  D .  

The i s o l at ion o f  c at ioni c frac t i ons ari s ing from the 

furt her frac t i onat i on o f  c rude fra c t i on I I ( Fi gure 

5 . 8 ) by u s i n g  Dowex 5 0W-Xl 2  re s in . A ( ye a s t  e xt r a c t ) ,  

B ( s upp l e mented med i um ) , C ( spent s upp lemente d me dium )  

D ( e x t r a c t e d  y e a s t ) .  The p e r c ent age o f  t he t o tal 

c hromium in e a c h  pe a� s hown by 0 ) and 

t he s p e c i fi c  a c t i v i t y  s hown b y  ( I ) .  
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F I GURE 5 . 1 3 A ,  B ,  C ,  D .  

The i s o la t i on o f  ani onic  frac t i ons ari s ing from the 

fra c t i onat i on o f  the e ffluent from C o l umn I b y  u s ing 

Dowex l . X8 re s in . A ( ye a s t  e xtract ) ,  B ( s upp l emen t e d  

med i um ) , C ( spent s upp lement e d  me dium ) , D ( e x t ra c t e d  

y e a s t ) .  The p e r c ent age o f  the total c hromium i n  

e a c h  p e ak s hown b y  0 ) and the spe c i -

f i e  a c t i vi t y  shown b y  ( I ) . 
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TABLE 5 . 4  

Peak 

Description 

AM- 1 

AM- 1 . 5 

AM- 1 . 7 

AM- 1 . 9 

AM- 2 - . 2  

AM- 2 

AM- 3 

AM- 4 

AM- 4 . 5 

N- 1 

N- 1 . 5 

N- 2 

P- 1 

P- 1 . 5  

P-1 . 8 

P- 2 

P- 3 

P- 4 

1 0 9  

FRACTI ONS I SOLATED FROM CHROMI UM- 5 1 -SUPPLEMENTED 
ME DIA AND YEAST 

Isolation Source 

Yeast Supplemented Supplemented Supplemented 

extract medium spent medium extracted 

yeast 

X X T X 

X T X 

X X 

X X X 

X 

X X X 

X ® T T 
X ® X X '  T 

X
T 

X 

X X X X 

X X X 

X X X X 

X X X T 
X 

X X X 

x l 
X X 

X X 

Graphical 
Representation 

(Figure) 

5 . 9  

5 . 9  

5 . 9  

5 . 9  

5 . 1 0 

5 . 1 0 

5 . 1 0 

5 . 1 0 

5 . 1 0 

5 . 1 3  

5 . 1 3 

5 . 1 3 

5 . 11 

5 . 1 1 

5 . 11 

5 . 1 1 

5 . 1 2 

5 . 1 2 
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5 . 3 . 3  A c t ivi t y . 

A c t i vi t i e s  mea sure d for the c hromium peaks  o b t ained 

from t he c hromium chloride s upp lementations ar e l i s t e d  and 

c ompared with t ho s e  obta ine d fr om the yeast e x t r a c t , in 

Tab le 5 . 5 .  Grap h i c a l  repre s en t at i on i s  a l s o  made in Fi gure s 

5 . 2 , 5 . 3 , 5 . 4 , 5 . 5 ,  5 . 6  and 5 . 7 .  S ome c hromium c h l or i d e ­

s upp lementat i on p eaks  c o u l d  n o t  b e  measured · b e c au s e  o f  

e i ther a l ow chromium l e v e l  o r  a very high · c on du c t ivity 

level ari s ing from t he very s t rong a c i d  wa s h  u s ed a s  the 

final Dowex l-X8  e luent . A s  d i s cu s s e d  in s e c t i on 3 , b o t h  

these c on d i t i on s  l e a d  t o  inva l i d  a s s ay r e su l t s .  ' As s a y s could 
not b e  under taken for chromium - 5 J - supp lemente d s y s t ems s in c e  

t h e  mo lar amount s f o r  chromium w e r e  far t o o  low . 

5 . 4  DI S CU S S I ON . 

5 . 4 . 1  Chromium ch lor ide s upp lemen t e d  sy s t ems . 

I n  the chromium chlor i de supplementat i on experim en t s  

for t h e  i s olat i on s  c arr ied out  on the two m e d i a  s o lut i on s  

and o n  the extracted yeast s o l u t i on , e lu t i on from c o l umn VI 
( Figure 5 . 7 )  gave three anioni c fra c t i on s . At l e a s t  s ome 

o f  t h e s e  peaks mus t  b e  pr oduc e d  by reac t i on o f  c hromium wi t h  

t he med i um and one o f  the s e  pre sumab l y  c orre sponds t o  t h �  

chromium-gluc o s e  c omp lex whi ch i s  d i s cu s s ed in s e c t i on 2 ,  

For the spent supp lement e d  me dium ( C )  the c omp le x e s  N-1 . 5  and 

N- 1 . 8 do not a l i gn t hems elve s exa c t ly wi t h  the p e ak s  from 

t he s upp l e ment e d  me d i um ( B )  or fr om . t he extra c t e d  y e a s t  ( D ) , 

pre sumab l y  b e cause o f  inter- c o l umn vari a t i ons . The s e  anionic  

c omp lexe s ( N- 1 ,  N- 1 . 5 , N-1 . 8 ) c annot have any e s s ent i a l  

me tab o l i c  fun c t i on in y e a s t  and are t here fore c at egor i s e d  

a s  Group I fra c t i ons . 

The percentag e  o f  the t otal c hromium i s o la t e d  in each 

peak is  repre s en t e d  by the p e ak h e i ghts drawn in F i gure 5 . 2 

t o  5 . 7 .  A s  the t o t a l  amo unt o f  chromium eluted from c o lumn VI 

var i e d  markedl y , with for examp le the y i e ld from the spent 

supp l ement e d  me d i um ( C )  b e ing only 1 5 %  of the chromium l oaded 

c ompare d  to a more n ormal y i eilld of 8 0 % , i t  was d i ffi c u l t  t o  

make dire c t  c ompar i s ons o f  p eak h e i gh t s  between the d i fferent 

sy stems ( Fi gure 5 . 7 A-D ) . Thi s  phenomenon was c ommon to a l l  

i so lat i o n s  and not  j us t  for the ani oni c fra c t i on s . However 

in agreement w i t h  the find ings in s e c t i on 2 ,  the prop or t i on 

of anion i c  c hromi um e lut e d  from c ol umn VI i s  high in r e lat i on 



TABLE 5 . 5  SPECIFIC  ACTIVITY OF FRACTIONS I SOLATED FROM 

C HROMIUM CHLORIDE SUP P LE MENTAT I ON S  

11 1 

Peak Isolation Source Graphical 

Description Representation 

Yeast Supplemented Supplemented Extracted 

extract media spent media yeast (Figure) · 
I 

8 . 8  4 . 5  AM- 1 + 1 2 . 2  - - + 4 . 8 5 . 3  

AM- 1 .  5 - 6 . 1  - 1 2 . 3  + 4 . 2 5 .  3 . 

AM- 1 . 9 # + 2 . 8  0 . 0 5 . 3  

AM- 2 + 6 . 1  - 6 . 0  - 1 0 . 4  - 1 . 1 . . 5 .  4 

AM- 3 - 1 1 . 8  T I 5 . 4  

AM- 4 - 1 3 . 1  - 1 . 1  - 9 . 8  + 2 . 2 5 . 4 

AM- 4 . 5  # T + 1 . 9 1 5 . 4  

N- 1 + 8 . 0 , ±  + 0 . 9  - 8 . 2  5 . 7  
+ 2 0 3: 

N- 1 . 5 2 . 0  + i 5 . 5  5 . 7  - 3 . 01 -

N- 1 .  8 - 1 . 8  5 . 7  

N- 2 + 4 2 . 8  # - 4 . 8  - 1 . 6  5 . 7  
' 

. 

P- 1 - 2 8 . 7  5 . 5 I . 

P- 1 .  5 * 

P- 2 + 6 2 . 5  5 . 5  

P- 3 - . 3  + 3 6 . 41 5 . 6  

1:- 3 + 1 2 6 . 1  +3 6 . 41 + 8 2 . 0  5 . 6  

P- 4 + 7 1 . 3 5 . 6  
I 

N . B .  ± value for N-lA , 3: value for N-lB 
# as s ay not und e rt aken . b e c au s e  o f  t he high a c i d  c ont ent 

of the s ample . 
* a s s ay not undert aken b e c au s e  o f  the low c hromium 

c onc entrat ion . 
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to  the  amount s  of  ampho t e r i c  and c at i on i c  c hromium i s o l at ed 
in e ac h  of t h e  three c hromium chloride supp lementat i on s . 

Two ani o n i c  peak s  were ob s erve d fo r the y e a s t  extract  
( A ) and t hre e for each o f  the  chromium chloride- supp l emented 
i s o lat ions ( B � C  and D ) . On ge l f i l trat i on chromatography , 

t he frac t ion N - 1  for yeas t e xt r a c t  s eparat ed int o t wo p eaks 
that were lab e l le d  N- l A  and N-lB ( s e ct ion 4 . 3 . 4 ) . It i s  
pos s ib le t hat t he s e  peaks were s eparated b y  the impoved 
ion- e x c hange c hromatograp hy e lut i on in the sup p l ementat ion 
experiment s  and are lab e l le d  as N - 1  and N-1 . 5  us ing the 

nome n c lature de f ined in t h i s  s e c t i on . Howe ve r  no ge l fi l t r­
a t i o n  e xperiment s were c arried out t o  confirm t hat t h e s e  
peaks were equivalent . 

Numerous amphot e r i c  pe aks were ob t ained from e ac h  
chromium chl o r i d e - s upp lemented s y s tem ( Fi gur e s  5 . 3  and 5 . 4 ) , 
alt hough c o l l e c t i ve ly they made up o n ly ab out 1 0 %  o f  t h e  

t o t a l  chromium . It i s  c le ar from a c ompar i s on o f  F i gure 
5 . 3  ( B-D)  and F igure 5 . 4  ( B-D ) t hat , with t he e x c ep t i on o f  
AM- 4 . 5  a l l  t he ampho t e r i c  chromium pea�s are art e fac t s  

re s u l t ing from react ion o f  chromium with the  medium c on s t i t ­
uen t s  ( o r ar i s in g  from e lut ion o f  t h e  ion-ex c hange c o l umns ) .  

The fact  that t h e s e  ampho t eric  fra c t i ons are found in t he 
supp lemented e xt ra c t e d  y e a s t  shows t hat they  are read i ly 
t aken up by the  yeast  c e l l s  during y east growt h . Thus t he s e  
fract i o ns can b e  c l as s i fi ed a s  Group I comp l e xe s . When 
the s e  p e ak s  ( AM- 1 , AM- 1 . 5 ,  AM- 1 . 9 ,  AM- 2 and AM- 4 ) are c om­
pared with the  fra c t i ons  i s o lated from commer c i al y e a s t  
e xtract ( Figur e s  5 . 3  ( A )  an d 5 . 4  ( A ) ) an e x a c t  corre s p ondence 
is  not  ob vious . The reason for t h i s  i s  not c le ar but d i ffer­
ence s in the y e a s t  growth c ondit i on s or in c o lumn parame t e r s  

might b e  part l y  r e s pon s ib l e . I t  c ou l d  b e  that t h e  supp l e ­

mente d  peaks l ab e l l e d  AM-4 and AM- 4 . 5  are in f a c t  t he s ame 
,/ a s  the yeast e xtract  fra c t ions AM- 3 and AM- 4 ( as sugge s t e d  

in  Tab l e  5 . 3 ) . Whateve r  t h e  reason for t h i s  apparen t  d i s cre ­

p anc y , these  amphot e r i c  fract ions for the y ea s t  extrac t  c an 
s t i l l  b e  c las s i fi ed as Group I comp le xe s  q in c e  none s how 
any p io logi c a l  a c t ivity in the y e a s t  fermentat i on as s ay . 

Examinat i on o f  t he r e s ul t s  from co lumn IV and V for 
the e lut ion of cat ionic  fra c t ions ( s hown in Figur e s  5 . 5  and 
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5 . 6 ) reveals t hat no cat i onic comp le x e s  are pre s ent in t h e  
supp lement e d  medium and hence a l l  c at ionic  fra c t i ons from 
the supp lement e d  s y s t ems c an be lab e l led as Group I I . 
Several cat i on i c  c omp l e x e s  ( P- 1 . 5 ,  P - 3- . 3  and P- 3 )  were 
i $ o lated fr om t he spent s upplemented  me d i um ( F igure 5 . 5  ( C )  
and 5 . 6  ( C ) ) whi l e  o nly P - 3  i s  found in t he supp l emen t e d  
e xtracted y e a s t  ( Fi gure 5 . 6  ( D ) ) .  O f  the four frac t i ons  
whi c h  were i s o lated from t he commerc ial yeast  ex tract in 
s e c t ion 4 ( F i gure 5 . 5  ( A )  and 5 . 6  ( A ) ) ,  po s s ib ly all may be 
c on s id ered t o  originat e from cont act  with the yea s t  and do 

not appear as me dium art e fact s .  
A p o s s i b le e xp lan at ion for the P-1 . 5  and P - 3 - . 3  peaks 

being found in t he spent s upp lement e d  med ium b ut not in the 
s upp lemented e xtra c t e d  y e a s t  c ould b e  their low equ i l ibrium 
conc entrations · w ithin the yeast c e l l , t hus  not b e ing det e c t ­
ab le  i n  the s upp lemen t e d  e xtra c t e d  y east . However i f  t hey 

were eas ily d i f fusab le t hrough the c e l l wal l , r e l a t i v e l y  
h i gh l eve l s  c ou l d  accumulate i n  t he spen t - supp lemen t e d  medium 
A l tern at ive ly t he y  might b e  forme d out s i de t he yeast  c e l l  
with l i gand s  e x c re t e d  a s  waste from t he ye a s t  ce l l , b ut not 
pre s en t  in the unused med i um .  P - 3  must b e  e i t her synthe s i s e d  
b y  t he yeas t and e x c r e t e d  into t h e  spent supp lement e d  medium 

or produced b y  reac t ion w i th excre t e d  c e l l  met ab o l i t e s and 
take n up b y  the c e l l  b y  d i ffus ion . The c at i o n i c  peaks P - 1 , 

P - 2  and P-4  ( F igure 5 . 5  ( A )  and 5 . 6  ( A ) ) whi ch were addi t i onal 

to t he cat ion i c  p eak , P- 3 ,  found in the s upplemen t e d-ex tract ed  
yeas t ( Figure 5 . 6  ( D ) ) c ou l d  have b een pre sent as  a re s u lt 
of  the pro c e s s o f  au t o ly s i s  whi c h  c ould have a ltered the 
chromium frac t ion s  origina l ly pre s en t  in t h e  y ea s t  and in 
this  c a s e  art i fi c ial ly i n c reas ed t h e  numb er of  cat i on i c  
frac t ions . 

The overa l l  amount o f  c hromium eluted in  the c at i o n i c  
fract i ons was l o w  w i t h  a max imum o f  around 1 0 % o f  the t o ta l  
c hromium oc curing i n  t h e  y east e x t r a c t  i s o lat ion ( Fi gure s 
5 . 5  and 5 . 6  ( A ) ) .  

The. encouraging featu�e of  t he iso lat i on o f  t h e  

c a t i o n i c  frac t i on s  w a s  t hat  P - 3  w a s  pres ent in a l l  i s o lat i on s  
from y e a s t  a s s o c iated supp lementat i ons and in fac t was t h e  
o n l y  p e ak re t a ined by the yea s t  in the sup p lemente d  y e a s t  

extract . Thus P- 3 a t  leas t can b e  c la s s i f i e d  as a Group I I  
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c omp le x . 

5 . 4 . 2  Chromium- 5 1- s upp lemented  s y s t ems . 

While the vas t ly di fferent mo lar amount s o f  chromium 

in t he chromium c hlor i de and the c hromium- 5 1 -s upp l emented 
s y s t ems might have been e xpe cted t o  caus e quite  di fferent 
result s ,  Tab le 5 . 3  and 5 . 4  show that there are s t i l l  s ome 
areas o f  c l o s e  agreement on compar i s on of s imilar c o l umn 

e lut ions . 
Thi s  agre ement i s  apparent in the e lut i on of  t h e  

ani on i c  frac t i on s  shown i n  Figure 5 . 1 3 where each supp le ­
mente d system ( B- D )  ha s three ani on i c  peaks and c on s equent ly 

all c an be c la s s i fi e d  a s  G roup I .  Again t he variat i on in 
the perc entage re c overy of chromium of  indivi dual c o l umn s 
doe s not  al low a det ai le d  analy s i s  o f  the proportion o f  the 
di fferent chromium c omp lexe s .  Generally though , the an ion ic  
peaks  e luted o c c up i e d  the maj or frac t ion o f  the t ot a l  
chromium . 

U s ing the s y s tem for clas s i fy ing fra c t ions that was 
adopt e d  for the chromium c hloride s upplementat i ons  the 
ampho t eric  peaks that are s hown in F i gure s 5 . 9 and 5 . 1 0 that 
c an b e  clas s i f i e d  as- Group I peaks are AM- 1 , AM- 1 . 7 ,  AM- 1 . 9 ,  
AM- 3 and AM- 4 ( as suming that peak I I  from t he supple me n t e d  
me d i um ( Figure 5 . 8  ( B ) ) real i s e s  both an AM- 3 and a n  AM-4 
peak l ab e l le d  a s ® on Tab le  5 . 4 ) . The only peaks whi ch c an 
be  c las s i fi e d  a s  Group I I  were AM- �- . 2 and AM- 2 . 0  from t he 
spent supp lement e d  medium (Fj_gure 5 . 1 0 ( C ) ) and AM- 2 from 
the e xt racted y east  ( Fi gure 5 . 1 0 ( D ) ) .  

The prop ort ion o f  t he total  chrom i um- 5 1  pre s en t  in  
the  amphot e r i c  c omp l e xe s was  low . In all  t hree c hromium- 5 1  
supp lemented i s o la t i on s  the comb in e d  chromium i n  a l l  t h e  

amphoteri c frac t i on s  a c c ount e d  for l e s s  than 5 %  of  t h e  t o t a l . 
Thi s fact and t he wide var iety o f  amphoteric  frac t ions 
ob s e rved, sugge s t s  that mo s t  i f  not a l l  of  the chromium c om­

p l e xe s are pre s ent t hrough a random assoc iat i on with avai l �  
ab le  l igand material . 

The mo s t  no t i ceab le feature o f  the cat i on i c  c omp lex 
i s o lat ions shown in F i gure s 5 . 1 1 and 5 . 1 2 was the appe aran c e  
o f  2 peaks , P - 1  and P - 2  in t h e  supp lement e d  med i um i s o lat i on 
( Fi gure 5 . 1 1 ( B ) 1  the fi r s t  of  whi c h  contained over 4 %  o f  
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t h e  t o t a l  chromium . At thi s p o int there s eems t o  b e  no 

obvious e xp l anat ion for such a l arge peak , but t h e i r  pre s enoe 

in t he supplemented me dium s ugge s t s  that they t o o  c ould b e  

med i um art e fact s .  The pre s en c e  o f  these  two c a t i oni c peak s  

in the supp l emented me dium c o mp l i cated the previous prop o s al 

b a s e d  on i n format ion from t he c hromium c h loride sup p lement ­

a t ion that a l l  cat io n i c  peaks c ould be c las s i fi e d  a s  Gro up 

I I . Now , however , a l l owing for the peak s h i ft s  marked w i t h  

a n  arrow ( I ) i n  Tab le 5 . 4 ,  both P - 1  and P - 2  w e r e  c la s s i fi e d  

a s  Group I ,  whi le P- 3 and p o s s i b ly P- 4 c ou l d  s t i l l  b e  c l as s ­

i fi e d  a s  Group I I . 
A s  a proport i on o f  t he t o t al chromium , cat i on i c  peaks 

generally a c c ount e d  for a low p ercent age , with the maximum 

b e ing e a  5 %  in the e xtrac t e d  y e a s t  and s upp leme nt e d  medium . 

Ve ry low a mount s ( ea 0 . 02 % ) were obtaine d from t h e  s upp le­

ment e d  spe nt medium and thi s may have ind i c at e d  t hat the 

c o mplexe s here were the re sult of chromium c omp l e x in g  random­

ly with mat e rial e x c re ted from t h e  yeast c e l l . C ompari s on 

o f  the s e  p o s i t ive p e ak s  w i t h  t ho s e  i s olated from t h e  y e a s t  

e xtrac t s howe d rea s onab le p o s i t i onal agreement . 

5 . 4 . 3  A c t i v i ty . 

A l l  t he ani on i c  peak s  i s o l at e d  from the chromium 

chloride s upp lemented i so la t i on s  were ab le to be a s s ay e d  

for a c t i v i t y , and t he s e  showed a range o f  p e r c entage enhance ­

ment s fr om - 8 . 2  t o  + 3 . 0  and wer e  c l e ar ly inact ive . 

On l y  two o f  t he ampho t e r i c comple x e s  AM- 1 . 9  from the 

s upp leme n t e d  me dium ( F i gure 5 . 3 ( B ) ) and AM- 4 . 5  from the 

spent s upp l emented medium ( Fi gure 5 . 4  ( C ) ) could not  be 

a s s ay e d . The remainder o f  the c omp lexe s  s howed a r ange of 

a c t i vi t i e s  from - 1 2 . 3  t o  + 4 . 8  and again were c le ar l y  ina c t ­

ive . 

On analy s i s  o f  the three cationic comp le x e s  whi c h  

c ou ld be a s s ayed , P - 3 - . 3  and P- 3 from the spen t  s up p lemehte d  

med ium �Fi gure 5 . 6 ( C ) ) and P - 3 from the e xtracted y e a s t  

( Fi gure 5 .  6 ( D ) ) ,  a c l ear d i s.t i h c t ion from t h e  amph o t e r i c  

a n d  ani on i c  fract i on s  w a s  apparent . The spe c i fi c  a c t ivi t i e s  

ranged from + 36 . 4  t o  + 8 2 . 0  and c ons equent ly t h e  t hree com­

p le xe s  a l l  showed s i gn i f i c ant a c t i vit y . Th e spe c i fi c  a c t i v i t y  

o f  P- r. 5 from t he s p e n t  s upp l e mented me d i um 'c ould n o t  b e  
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de t e rmined b e c aus e o f  the very l ow c hromium l e ve l . 
A c t i vi t i e s  of the c omp lexe s i s olat e d  from yeast  

extra c t  when c ompare d w i t h  tho s e  from the  chromium chlor ide 

supp leme nt a t i o n s  generally  c overed a wi der ran ge o f  a c t iv i ­
t ie s . B e c au s e  o f  the c omp l e t e ·  s o lub i l i zat i o n  o f  the y e a s t  
extrac t  b e fore i s olat i on was begun , i t  w a s  l i k e ly that t h e  
concentnat i on o f  so lub le  impurit i e s  capab le  o f  caus ing 
act i v i t y  would have been h i gher than for an e xt rac t e d  yeast  
as in the c hromium chlori de suppl ementat i on s . C ons equen t ly 

fac t o r s  affe c t ing the as s ay , ei ther causing gre ater a c t ivity  
or  l ower act ivity  were l ike ly to  b e  mor e p re d ominant and 
hence have a larger e ffect  in the yeast extra c t  s y s tem . 

5 . 5 SUMMARY AND ASSESSMENT OF EARLIER WORK 
In summari s ing the range o f  c hromium c omp lexe s i s ol ­

ated from t h e  var ious s our c e s, the f o l lowin g cri teria were 

used t o  d i s tingui sh a y e a s t -produc e d , b i o lo gi c al ly ac t iv e  
chromium comp le x ( e s )  l i k e l y  to  b e  GTF , from ot her spurious 
comp le xe s . 

l .  Th e comp lex mu s t  not have been produced b y  re a c ­
t ion o f  chromium with me d i um c omp onents or e lu t i on reagent s . 

( Group I c l a s s i fi cat ion ) . 
2 .  The comp le x  mus t  have b een re t ai n e d  b y  the y e a s t  

on the  a s s umpt i on that in order t o  have s ome met ab o l i c  
fun c t i on i t  mu st b e  n e c e s s ary to  have the c omp lex a s s o c iated 
with the yeast  c e ll . Th i s  criteri �n eliminat e d  all  c omp lexe s 
forme d b y  random react i on with l i gand mat erial  e x c re t e d  from 
the yeast  c e l l , or comp l e x e s  forme d within t h e  yea st c e l l  
with such  mate r i a l  and then excre t e d . 

3 .  The comp lex  mu s t  have s hown a c t i v i t y  in the  s t an­
ard a s s ay . F o r  t he c omp le x  t o  have me tab ol i c  a c t i v i t y  i t  
mus t  have b ee n  ab le t o  i n c re a s e  the metab o l i c  fun c t ion o f  

the y e a s t , a s  indi cat e d  b y  an enhan c e d  co2 produ c t i on rate . 
A l l  an i on i c  c omp le x e s  have b een c l a s s i fi e d  as Group I .  

Thi s c la s s i fi c at i on wa s b orne out b y  the lack  o f  a c t i v i t y  

shown b y  any o f  the negat i ve . c omp l e x e s  and t h u s  none o f  the s e  

comp l e xe s  wou l d  b e  regarde d a s  a GTF-like c omp le x . 

Of a l l  the wide range o f  amp hoteri c c hromium p e ak s , 
only AM- 2 from the chromium chloride  supp lementat i on and 
AM- 2 - . 2  and AM- 2 from the  chromium- 5 1  supp l emen t at i on were 



c la s s i fi e d  a s  Group I I . Both o f  the s e  p e aks do n o t  me et  

t he furt her r equir ement s o f  a " GTF- l ike " c omp l e x  in  t hat 
AM- 2- . 2  was not ret a ined by the yeast  and was pre s en t  only 
in the spent supp l ement ed me� ium whi l e  AM- 2 s howed no a c t -

1 
ivity from any o f  the i s o lat i o n s  a s s ayed . 
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O f  the  p o s i t ive peak s , only  P-3  me t all  three requi­
rements for a " GTF- l i k e "  q omp le x . The  gre at e s t  a c t i v i t y  
s e emed t o  o c cur in t he c omp le xe s e luted from t h e  Dow ex 5 0W­

Xl2 co lumn VI , where b o th P - 3  and P-4 were e lu t e d  from t he 
yeast  ext r a c t  i s o lat i on ,  or s imi larly fr om the s p e nt s upp l e ­
mented med ium ,  P- 3- . 3  and P - 3  ( F igure 5 . 6 ) . 

In s ummary then the on ly peak to meet a l l  the  requi­
rement s for a " GTF- l i ke " c omp l e x  is  P-3 . If  the  s e c ond 
cr iter i on of  the c omp lex b e ing retained by the yeast  was 
d i s regard e d  then P - 4  c ould a l s o  be a c omp le x  w i t h  " GTF- l i ke " 
act ivit y . As  b o t h  are e luted o f f  the same Dowex .5 0W-X l 2  
c o lumn ( V ) , i n  further pur i f i c at i on at t emp t s  b ot h  P - 3  and 
P- 4 were e x amine d .  

Of t he d i f ferent i so lat i on pro cedure s de s c ribed t o  
dat e only Kumpulainen e t  a l  ( 1 9 7 8 ) have at t empt e d  t o  s how 
t he ori gin of their .e luted c hromium comp l e xe s .  Growing 
yeast on a chromium- 5 1 - c on t a in ing medium enab led t h e s e  work­
ers to i s o lat e chromium comp le xe s from t hree sourc e s ; s t er­
i le med ium , med i um a f t er yeas t c ent r i fuga t i on and y e as t . 
T o  thi s p o int their work was s imi lar to t hat de s c r i b e d  in 

this chap t er . The b a s i c  d i fferenc e in Kumpulaine n ' s  work 
c ompared with that de s crib ed here, was in the u s e  of only a 
s ingle c at i on and ani on- exchange c o lumn . The re s in s  Dowex 
5 0W-X8 and Sephade x QAE A- 2 5 , were u s ed to fra c t i onat e their 
e xtrac t s  from the d i fferent s t art ing s our ce s . Apart from 

t heir s eparat ion procedure wh i c h  would b ind b o t h  amphot er i c  

and cat ioni c - c hromium on t he s ame c o lumn , t h e  e luent s u s e d  
were un s u i t ab l e  for t he reasons  d i s c us s ed e ar l i e r  in s e c t i on 

4 . 4 . 
I n  agreement with the work de scribed  in t h i s s e c t i on , 

Kumpulainen has shown both c at i on i c  and anioni c ,  and p o s s ib l y  

amphot e r i c  c omp lexe s ex i s t in g  i n  all  three s o urc e s . A 
.-

detai led  c ompar i s on o f  the c omp lexe s de s crib ed b y · Kumpulainen 
et  al and t ho s e  d e s c ribed in  t h i s  chapter is not p o s s i b l e  
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b e c au s e  of t h e  vas t ly d i fferent e lu t i on s y s t ems . Kump u la inen 

et a l , us ing c hromium- 5 1  were not ab l e  t o  me as ure act i v i t y  
by any of  the s t andard me thods , but  d id at t empt to show 

binding to in s u l in , t hough un suc c e s s fully . Their work i s  
important in that in c omb in at ion w i t h  the work describ e d  
here , i t  i s  app arent t hat in yeast a moderat e numb er o f  
d i fferently c harge d chromium c omp l e x e s  are pre s ent , s ome 
of whi c h  are pro du c t s  o f  chromium reactin g  w i t h  re agen t s  

i n  the growt h med ium . 

-· 



SECTI ON 6 

A SHORT P ROCE DURE FOR THE I SOLAT I ON OF CATI ONI C FRACTIONS 
- APPLI CAT ION TO BIOLOG I CAL SAMPLE S . 

6 . 1  INTRODU CTION 
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As  the mo st a c t ive fra c t i ons found from the i so lation 
proce dure s de s cribed  in s e c t ions  4 and 5 were a l l  cat ioni c , 
the  remain ing negat ive and ampho t er i c  fra c t ions were consid-

, 

ered t o  b e  no t rele vant t o  'the u l t imat e aim o f  i s o lat ing 
GTF . Thi s  conc lus i o n  i s  in agr eement with the e v i dence  
pub l i shed b y  s everal r e s ear chers that GTF i s  a cat i onic  
comp l e x  ( Toep fer et al  ( 1 9 7 7 ) and Mirsky e t  al ( 1 9 8 0 ) � 

In order to i s o lat e only the cation i c  c omp l e x e s  from 
the yeast  e xt ract it i s  not ne c e s sary to u s e  the s ix c o l umn 
i s o lat ion pro cedure de s cr ib e d  in s ect ion 4 .  I n s t e ad at 
pH 8 . 5  a l l  the ampho t e r i c  and anion i c  comp l exes  wi l l  b ind 
to an anion-exchange c o lumn and the cat i onic  mat er i a l  in 

t he e ff luent from thi s c o lumn w i l l b ind to a cat i o n-exchange 
c o lumn . In  s e ct ion 4 t wo c at i on-exchange c o lumn s were u s e d  
t o  e lut e four po s i t iv e  c omp l e x e s  but with the b e t t e r  e lut i o n  
procedur e s  devi s ed in s e c t ion 5 it w a s  h o p e d  t hat t he four 
separat e c at ionic p e ak s  could b e  res o lved u s ing a s ingle 
c at i on-ex change c o l umn . 

In principle  such  a " short i s-olat i on "  proc edure should 
a l l ow a c omparison to be made o f  the numb er and type of  

c at ionic  fract ions whi c h  c ould  be  i s o lat ed  from t he Mer c k  
h i gh- c hromium yeast  e xtract and the Mer c k  low-chromium y ea s t  
extract . I t  was hoped that thi s informat ion would provide 

an ins i ght into the way the pre s en c e  o f  t h e  d i fferent cat­
ionic  c hromium comp lexe s in t h e  yeast i s  affe c t ed b y  the 
l e ve l s  of chromium avai lab l e  t o  the yeast . 

Whe n  chrom�um was first  prop o s ed a s  a l ik e ly nut r i �  
t i onal requiremen t , var i ous workers pub li s h e d  t h e  chromium 
c ont ent o f  a variety o f  food- s t u ffs  ( Schro eder et a l  ( 19 7 0 )  
and Guthri e  ( 1 9 7 5 ) ) and more r e c ent ly , b i o lo g i c a l  ac t ivity 

...-

due t o  c hromium-c ontaining fra c t ion s  extrac t e d  from va� ious 
food - s tu ffs  has b een pub l i s he d  by Toepfer et al ( 1 9 7 3 )  and 
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Kumpulainen e t  a l  ( 1 9 7 9 ) . P re c i s e  ana lys i s  o f  c hromium 
leve l s  has proven d i ff i c u l t  with d i fferent re s u l t s  b eing 
obt ained from the analy s i s  o f  ident i c a l  samp l e s  b y  di fferent 
me thods ( Alvare z ( 1 9 7 9 ) and Parr ( 1 9 7 7 ) ) .  Gre at er r e l i ab i l ­
i t y  c an probab l y  b e  p la c e d  on  t h e  re lat ive l e ve l s  o b t a ined 
in any one laboratory us i n g  the s ame analy t i c a l  t e c hn i que . 

I t  i s  the a im here t o  s e lect  various s amp le s  whi c h  
have b e e n  rep ort ed to  have e i ther a h i gh c hromium level or a 

high b i ological  a c t ivi t y  and sub j e c t  these s amp l e s  t o  an 

extrac t ion pro c e dure and determine t he amoun t s  o f  the c at i on i c  
chromium- c ontaining fra ct ions  by the s hort i s o lat ion pro c e dure . 
The s e  s amp le s ,  i f  suffi c i ent leve l s  o f  chromium could b e  
ob taine d , would t hen b e  a s s ay ed for a c t ivit y . The s amp l e s  
cho s en were ; t h e  two y e a s t  extrac t s  Merck h i gh- c hromium 
yeast  e x t ract and Merck low-chromium y east e xt r a c t ,  sage , 
b l ack peppercorns , mo las s e s , whe at bran , pork kidney powde r 
and s p l i t  gre en peas ; of  t h e s e  s amp le s ,  t ho s e  t hat were 
repor t e d  to have h igh l e ve l s  of chromium were ; sage ( Guthrie 

( 1 9 7 5 ) ) mo la s s e s  ( Schro eder e t  a l  ( 1 9 7 0 ) ) and green peas  
( S chro eder e t  a l  ( 1 9 7 0 ) ) .  Whi le c on t a ining re lat ively low 
leve l s  o f  chromium , wheat bran ( Rogin s ky et al ( 1 9 7 1 ) ) and 
pork k i dney powder ( Schwar z and Me r t z  ( 1 9 5 7 ) )  were reporte d  
to  b e  good s our c e s  o f  GTF a c t ivity . B lack pepperc orns 
( Toep fer et a l  ( 1 9 7 3 ) ) and yeast  ( Mi r s ky et al ( 1 9 8 0 ) ) were 
report e d  to  have high chromium leve l s  and to b e  high in GTF 
act ivi t y . 

I t  i s  o f  c ons iderab le int e re s t  and importance to  
as certa in whether the  fac t or re spon s i b le for  t he report e d  

b io lo g i c a l  a c t i v i t y  i s  the s ame f o r  a l l  of  t h e s e  source s and 
ident i ca l  wi t h  the cation i c  material  i s olated from the various 
brewer ' s  yea s t  s ourc e s  ( s e c t i ons 4 and 5 ) . In  p art i c u l ar 
the i s o l at ion o f  c ation i c  c hromium c ontaini n g  fra c t i on s  from 

/ mo las s e s  ( a  produc t on wh i c h  much o f  t he c omme r c i al ly avai l­
ab l e  y e a s t  is grown ) woul d  nece s s i t at e  reapprai s a l  of the 
ide a  of a me t ab o l i cally s ign i f i c ant r ole for c hromium c om­

p lexe s in gluco s e  me t ab o l i sm in y e a s t . 

6 . 2  METHODS AN D MATERI ALS 
6 . 2 . 1  Short i s o lation pro c e dure for cat i on i c  fract ion s . 

The i on e x c hange re s ins  u s ed were Dowex 1 -X S  anion-
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e x c hange r e s in and Dowex 5 0W-X 1 2  cati on-exchange r e s in . 
The s e  were prepared as d e scribed  i n  s e c t i on 4 .  The aque ous 

e x tract ion of c hromium c omp lexe s from a 1 : 1  but ano l -wat er 
s y s t em was omi t t ed as t h i s  was previous ly s hown t o  give only 
a very sma l l  p urifi cat i on . 

Mer ck  y ea s t  e xtract ( l O Og )  was d i s s o lved in e a  8 l i t r e s  

o f  d i st i l l e d  wat er and t i trat ed t o  p H  8 . 5  with  NaOH . Sma l l  
adj ustment s were made t o  the vo l ume t o  redu c e  t he c onduc t i vity 

to 1 0 0 0 pmho . Thi s so lution was loaded at a max imum s p e e d  

o f  4 cm3/min ont o a Dowe x 1 - X 8  anion-exchange c o lumn w i t h  
vo lume 2 5 0  cm3 ( 4 . 8  c m  d i amet e r  x 1 4  cm) . The e ffluent from 
t h i s  c o lumn was then t it rated t o  pH 4 . 0  and the vo lume adj u­
s t e d  with di s t i l le d  wat er so t ha t  the conduc t ivity  was l owered 
to 1 0 0 0 rmho . Thi s  samp le wa s t hen loaded ont o  a Dowex 5 0W­
X12 cat i on- e x c hange c o l umn ( 4 . 8  cm x 14  cm)  again wi t h  a 
maximum spe e d  o f  4 cm3/min . The a l t erat ions in t he l oading 
c ond i t i ons o f  the c o lumns from tho s e  used in s e c t ion 4 con­
s i s t e d  of  a l ower c onduc t ivity to ensure c omp l e t e  b ind ing 
of t he chromium comp l e xe s and a higher loading pH o f  t he 
c a t i on- exchange c o lumn t o  prevent prec ipitat ion o f  t h e  l ow­

chromium y e a s t  ext rac t which o c c urred at t he prev i o u s l y  u s e d  
p H  o f  3 . 5 .  Only the c at ion- exc hange c o lumn wa s e lu t e d  and 
the  suc c e s s i v e  e luen t s  u s ed were : 

( i )  NaH 2Po 4 ( 0 . 6M )  unt i l  the pH of the · e f f lue nt reached 

4 . 3 . The vo l ume of  t hi s  e lution var i e d  b u t  was ­
usually ea 1 . 7  l i t re s . 

( ii )  A gradi ent NaH2Po4 ( 0 . 6M ,  2 0 0 cm3 ) v Na2HP0 4 
( 0 . 2M ,  2 0 0 cm3 ) .  

( i i i ) A gradi ent Na2HP0 4 ( 0 . 2M ,  1 5 0  cm3 ) v Na3 Po 4 3 ( 0 . 0 5 M ,  1 5 0  cm ) .  

( iv )  Na3 ro4 ( 0 . 0 5M ,  1 5 0  cm3 ) .  

Fra c t i ons  were c o lle c t ed and analy s e d  for c hromium , 

p H  and condu c t ivity a s  d e s c r i b e d  in s e ction 2 .  A c t iv i t y  

and opt i c a l  den s i t y  at 2 8 0 nm w e r e  de termined for t he c hromium 

p e ak s  elut e d . 



6 . 2 . 2  De t erminat ion o f  c hr omium in b i ologi c a l  materia l s . 

12 2 

Each o f  t he s e l e c t e d  b i ologi c a l  samp le s , name ly 
high- chromium y e a s t  extrac t ,  low-c hromium y ea s t  e xtrac t ,  
sage , b lack peppe r c orn s , mo l a s s e s , wheat bran , pork kidney  
powder and split  green p e a s , was ana ly s e d  b y  the wet  ashing 
pro c e d ure de s cr i b e d  in s e c t i on 2 . 2 . 2b 

6 . 2 . 3  Me thods o f  extrac t i on . 

A s  many o f  t he b i o logi cal s amp les had qui t e  d i f ferent 
chract e r i s t i c s , a vari et y o f  methods were u s e d  for c e l l  c le av­
age or homogeni s at i on o f  the mat erial  be fore aqueous e x t rac t ­
i o n  c ou l d  proce e d . A l l  me thods were cho s en t o  b e  as mi l d  a s  

po s s i b l e  so as t o  minimi s e  a n y  change s i n  the nat ura l l y  

o c c urring comp le xe s .  Chromi um analy s i s  wa s u s ua l ly und e r-
, 

taken on the aque ous extract to determine t h e  perc entage o f  
the c hromium that had b e en e xtrac t e d . The me thods adopt e d  
were a s  fol lows : 

( i )  Merck h igh-chromium yea s t  e xtract and low-c hromium 
I 

Y�as t  e xtract . N o  homogen i s at ion or c e l l  c leavage was requi-
red as t he two yeast  extra c t s  were re adi ly  s o lub l e and were 
di ssolved straight into d i s t i l le d  wat e r . 

( i i )  Sage , The · dr i e d  s age ( 2 0 g )  was heat e d  on a wat er 
bath in  2 5 0  cm3 o f  di s t i l l e d  water for 3 hour s at 7 0 °C .  Thi s  

mixtur e was then homogen i s ed hot , i n  a Waring B l ender at 
maximum · speed for 5 minute s and then al lowed t o  s t and at 4 ° C 

for 3 day s . The aque ous e x t ract wa� then r emo ved from t h e  

remaining s o l i d  mat er ial  b y  c entr i fugat ion f o r  1 0  minute s  at 
4 0 0 0  g .  

( i i i )  Black pepperc orns . The who le dr i e d  b lack pepper­
corms were in i t i a l ly rup t ure d by grind ing with a mortar and 

0 pe s t le . They were then heated  for 3 hour s at 7 0  C in 2 5 0  
cm3 o f  d i s t i l le d  water . The mixt ure was homo ge n i s e d  i n  a 
War ing B lender at max imum speed  for 5 minut e s  while s t i l l  
ho t and then aft er a further 2 5 0  cm3 o f  d i s t i l l e d  wat e r  had 
b een added , a l l owed to s t and overnight at 4 ° C .  The aque ous 
extra c t  was ob tained by  remo �ing the remaining s ol i d  mat erial  
b y  c e nt r i fugat i on for 1 0  minut e s  at  4 0 0 0  g .  

( iv )  Mo las s e s . The mo la s s e s  u s ed was read ily so l ub le 
in wat e r  and no prior t re atment was require d .  



( v )  Wheat bran . A method s imilar to that u s e d  for 

the dri ed s age was u s e d  in preparing an aque ous extra c t  o f  
wheat b ran ( l O O g ) . The wheat bran was hea t e d  in one l itre 

I 

o f  d i s t i l le d  wa te r ,  homogeni s e d  and left t o  s t and b e fore 
t h e  remaining solid mat e r ial was removed b y  centrifugati o n . 

( vi )  P ork kidney powder . Pork k idne y powder ( 1 8 . 8 g )  

1 2 3 

was s t i rred for 1 8  hour s at 4° C i n  di st i l l e d  water ( 2 0 0  cm3 ) .  

The s amp le was al lowed t o  s t and for 4 8  hour s b e fore b e ing 

homogeni s e d  in a Waring B lender at  max imum s p e e d  for 5 

min ute s .  Th i s  treatment suc c e s s fu l ly di s p e r s e d  c oagulated  
mater ial . The samp le was  again a l lowed t o  s t and at 4 ° c 
for 1 8  hour s  b e fore c e n t ri fugat i o n  at 4 0 0 0 g  t o  r emove the 
s o l i d  mater i al . A con c entrat e d  s amp le of the aqueous extra c t  
w a s  ana l y s e d  for chromium . 

( vi i )  Dri e d  spl i t  pe as . No  e xtrac t i on was at tempted  
on s p l i t  p e a s  as  the  local  vari e t y  ob taine d ,  containe d 
in su ffi c i ent c hromi um t o  make a s u c c e s s fu l  e xtra c t i o n  po s s­
ib l e . 
6 . 2 . 4  I s olat i on and a c t ivity o f  c at i on i c  c omp l e xe s fr om 

b i o logi cal mat e r i al s . 
The aqueous extra c t s  ob t a in e d  from t h e  b i o l o gi c al 

mat e r i a l s  were subj e c t e d  to the c o lumn pr o c edure d e s c r ib ed 

in s e c t i on 6 . 2 . 1 .  As  s amp le s i ze varied c on s iderab ly , c o lumn 
s i z e s  were a l t ered a c c ordingly as were t h e  vo lume s o f  the 

e lue nt s u s e d . Chromium analy s i s , pH and c onduc t iv i t y  �easur­
eme nt s  were c arried  out for e ac h  column a s  were a c t i vi t y  and 
opt ical  den s i ty  me asurement s at 2 8 0 nm on the p e ak c hromium 
t ub e s . A l l  me thods were as  de s cribed in s e c t i ons 2 and 3 .  

6 . 3  RESULTS 
6 . 3 . 1  Short i s olat i on pro ce dure for cat i on i c  fra c t i ons . 

The separation a c hieved for high - chromium y e a s t  extrac t  

in  the short i s olation proce dur e reveale d four chromium peak s  
a s  s hown in  Figur e 6 . 1 .  A s s uming a s imi l a r  order o f  pH · 

e lut i on for t he y e a s t  extract a s  achieve d  in s e c t i on 4 ,  the 
four p e ak s  c an be  l ab e l l e d  u�de r the nome n c lature u s e d  there 

from l e ft t o  right in Figure 6 . 1  as P-1 , P� 3 ,  P-2 and. P-4 . 
The�pH and c onduc t i v i t y  at whi ch the peaks were e luted  from 

t he two c o l umn sy s t ems along w i t h  the l e ve l s  o f  chromium 

obtaine d are given in  Tab l e  6 . 1 . 



FIGURE 6 . 1  

The e lut i on pro f i le o f  cat i onic  chr omi um c ontaining 

fra c t i on s  ( ) from a Dowe x 5 0W-X l 2  
c o lumn e luted a s  d e s c r ibed i n  met hod s .  The fra c t i on 
volume was 1 0  cm3 . Conduc t i vity (- · · - ·· - · · - ·· - · · -· ·- .. - ··) 
pH (· · · · · · · · ·· · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · 1  . 
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TABLE 6 . 1  COMPARI SON OF THE E LUTION pH AN D CONDUCTIVITY 
FOR THE CATI ONIC  FRACTIONS ISOLATED BY THE S IX 
COLUMN P ROCEDURE ( SECTION 4 )  AND THE SHORT 
I SOLATI ON P ROCEDURE ( SECTION 6 ) . 

Cat ioni c 
Fract ion 

P- 1 

P-2 

P-3 

P- 4 

P - 1  

P - 2  

P- 3 

P- 4 

E lut ion 

_£_H_ 

4 . 5 0 

1 0 . 0 0 

7 . 0 0 

1 0 . 0 0  

3 .  9 5  

7 . 5 0 

4 . 2 0 

9 . 5 0 

E lut ion 

C onduc t iv i t y  
�ho x 1 0 3 ) 

3 . 0  

5 . 2  

4 . 0  

5 . 0  

1 0 . 6  

9 . 8  

8 . 3  

7 . 0  

Total 

To tal 

E lut ion 

Chromium Pr oc edure 
(pg) · ��c t i on ) 

3 3  

3 2  

2 0 . 5  

9 

9 4 ', 5 

3 9 

1 2  

3 4  

2 0  

1 0 5  

4 

4 

4 

4 

. 6 

6 

. 6 

. 6 

As  t h e  re su lt s repor t e d  in s e c t io n  4 were for a 2 0 0g 
yeast  extract  preparat ion and t h e  peak t o t a l s  report ed in 
Tab le 6 . 1  are for a l O Og preparat i o� t he ori ginal value s 
reported in s e c t ion 4 have b een halve d . 

6 . 3 . 2  Chromium l eve l s  in b i o l o g i c a l  mat e r i a l s . 

1 2 5  

Chromium levels  obtaine d b y  the  w e t  ashing pro c e dure 

from the various b i o logical materials  are s hown in Tab le  6 . 2 .  
Where po s s ib le , value s reported b y  other workers ( To e p fer e t  
a l  ( 1 97 3 ) � Shroeder et al ( 1 9 7 0 ) and Guthrie  ( 1 9 7 5 ) )  ar e 
inc luded for c ompar i s o n . 



/ 

TABLE 6 . 2  CHROMI UM LEVELS I N  BIOLO G I CAL SAMPLES 

Chromi um Toe p fer Schroeder Guthr i e  

Sample (}lg/g) 

Mer c k  h i gh- chromium 1 1 . 2  
ye a s t  e xtract  

Mer c k  l ow- chromi um 
y e a s t  e xtract 

Sage 

Black p eppe rcorns 

Mo la s s e s  

Wheat bran 

Pork k i dney powder 

Sp l i t  green p e a s  

1 . 1 5 

2 . 0  

0 . 8 4 

0 . 2 7 

0 . 1 4 

0 . 1 1 

(0 . 0 4 

et  a l  et  a l  

C.rg/ g) 

1 . 1 7 * 

0 . 3 8 

0 . 4 2  

( }lg/g) 

0 . 4 7 #  

0 . 0 7 

3 . 6 2 

N . B . * Value r e fe r s  t o  d r i ed who l e  yeast 
± Value re fe r s  t o  ' Marmit e ' yeast e x t ra c t  

(pg/g) 

4 . 0 1 

3 . 9 1  

0 . 1 9 

0 . 1 8 

1 2 6  

# Value r e fe r s  to  the max imum of  a s e r i e s  o f  mo l a s se s 
samp l e s analy s ed . 

Other t han the  dri ed s p l i t  p e a s  all  s amp le s  wer e c on­
s idere d to  have suff i c i ent chromium to warrant c ont inuat i on 

with aque ous extrac t i o n . 

6 . 3 . 3  Aque ous e xtractab le chromium in b i o l og i c al s amp le s . 
The e xt ra c t i on pro c e dure s de s cribed in  me t hods enab l ed 

the  f o l lowing amoun t s  o f  chromi um t o  be  e x t ra c t e d  i n t o  an 

aque ous s o lut i on ( Tab le 6 . 3 ) . 



\ TABLE 6 . 3 

AQUEOUS EXTRACTABLE CHROMIUM IN B I OLOGI C AL SAMPLES 

Chromium We ight o f  Total Chromium 

Sample c oncentrat i on · s ample used chromium · extra cte d  
pg/g g pg pg 

Merck hi gh- c hromium y e a s t  extract 11 . 2  4 0 , 0  4 4 8  4 4 8  

Me rck low- chromium y ea s t  extract  1 . 1 5  4 2 . 0  4 8 . 3  4 8 . 3  

Sage 2 . 0 2 0 . 0  4 0  8 . 9 

Black pepper c orns 0 . 8 4 5 0 . 0  4 2 3: 

Mo la s s e s  0 . 2 7 7 2 . 0 l 9 . 4  l9 . 4  . 

Wheat bran 0 . 1 4  l O O l 4 . o  9 . 2 

P ork k idrrey powder O . ll 1 8 . 8  2 . 1 l . 5  

N . B .  � value not re corde d . 

,, 

Perc entage 
extract i o n  

l O O %  

l O O %  

2 2 . 3 % 

l O O %  

6 6 %  

7 1 %  

1-' N 
-...] 



1 2 8 

• 
6 . 3 . 4  Cat i o n i c  chromi um from b i o l ogical s amp l e s .  

Each b i o logi cal s amp le from which c hromium wa s extr­
a c t e d  s howed on .· s eparat ion by the short i s o lat i on pr o c edure , 
the p re s ence o f  cat ion i c  chromium . Vari a t i ons  o c curr e d  in  
c o lumn e luti on profi l e s  but a st andardi s ed p H  and c onduc t i v­
ity profi le  i s  shown in  Figure 6 . 2 .  Thi s  was  e s tab l i s hed b y  

c omparing t h e  t otal e lu t i on vo lume for e a c h  o f  t h e  s amp l e s  
wi th a r e lat i ve e lut i on volume s t an dard for a l l  samp le s . 

The pH and c onductivi ty  pro fi le s were an average repre sent­

at i on o f  a l l  the e luted s amp le s . On thi s s t andard i s e d  pro­
fi le the e lut i o n  p o s i t i on of each c ation i c  chromium p e ak i s  
indi c at e d  b y  me ans o f  a b ar .  The height o f  the b ar repre s ­
ent s  the amount of chromium that would have b een i s o lat ed  
from a f i fty gram samp l e  o f  the  s t arting materi al . 

6 . 3 . 5  Activi ty  and p ur i t y  o f  b i o l o gic al s amp le s .  

Each o f  the cat i o n i c  chromium peaks i s o lated  from 
the di fferent b i olo g i c a l  material s was as s a y ed fqr b i o logi­
cal act ivity . The re s u l t s  are shown in F i gure 6 . 3 .  The 
amount of ea c h  sample a s sayed was c hosen t o  c ontain 1 9 2  
pmo l e s  o f  chr omium . T o  give s ome indicat i on o f  the puri ty  
o f  e a c h  s amp l e  the o'pt i c a l . den s i t y  at 280  nm/1 0 0  pmo l e s  of  
chromium was  d e t ermine d and is  s hown in  Tab l e  6 . 4 . Enhance­
men t  and opt i c a l  den s i t y  at  2 8 0  nm/ 1 0 0  pmo l e s  Cr value s 
for the cat i o n i c  c omp le x e s i s o la t e d  in s e c t i on 4 are inc luded 
for c ompar i s o n  and to give an indi c.ation of the re lat i ve 
pur i fi c at i on capab i li t i e s  o � e ac h  me thod . 

6 . 4 DI S CUS S I ON 

The short  i solat i on pro c e dure de s c rib ed in methods 
i s  s u c c e s s ful in  its  primary aim o f  i s olat ing the previo u� l y  

ident i fied cat i on i c  fra c t i on s  P- 1 ,  P-2 , P- 3 and P - 4  (Fi gure 
6 . 1 )  from Mer c k  high- chromium y e a s t  extract by a far le s s  
time c on suming me thod than that de s cribed in s e c t i on 4 .  A s  

can b e  s e e n  from Table 6 . 1  t h e  pH value s at whi c h  t h e  p e ak s  

were e lut e d  are a l l  s h i ft e d  to  lower value s b y  varying 

amoun t s . S in c e  e lut i on o c cur s  by  a comb inat ion of pH and 
c onquct ivity , the higher c onduct i v i t ies u s e d  in t h i s  s hort 
i s o lat i on pro c edure probab ly r e s ult in the ob s erved e lu t i on 

at l ower pH va lue s . Compar i s on o f  the amount s  o f  c hromium 



• 

FI GURE 6 . 2  

The r e l a t ive e lut ion p o s i t �ons  are s hown for the 

c a t i o n i c  fra c t i on s  i s o lated from a r ange of b i o lo-
gical s amp l e s  ( 0 ) a s  de s c ribed in 
met ho d s . The peak h e i ght s r epresen t  t he c at i on i c  
chromium ob t ainab l e  from a 5 0  g st art ing s ourc e . 
St andard i sed  pH ( . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . � and c onduc t ivity  

(- ·· - · · - ··- · · -··- ··-· ·- . .  -� pro f i l e s  are shown . 
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FIGURE 6 . 3  

The p e r c e ntage enhanc ement s for the c at i on i c  

fract i ons i s o l at e d  i n  Fi gure 6 . 2 are shown at 
th� i r  e lut i on pH ( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) by means 
of ( I ) . Each s amp le was as s ayed 
with a c hr omi�m c onc ent rat ion of 1 pg/g . 
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1 3 1  

TABLE 6 . 4  ACTIVI TIES OF BI OLOGI CAL S AMPLES 

Sample  

Merck 
hi gh-
chromium 
y eas t 
extract 

Merck 
low-

c hromium 
; I j 

y e a s t  · 
extract 

Sage A 

Sage B 

: 
: 

P - 1  

P - 2  

P- 3 

P- 4 

P- 1 

P - 2  
or 
P- 4 

P- 3 

Black pepper-
c orn s 

Mo las s e s  

Wheat b r an 

Pork K i dney 
powde r 

Perc ent age 

S e c t i on 6 

pro c edure • 

+ 7 4  

+ 5 9  

+ 1 2 9  

+ 1 2 4  

+ 8 5  

+ 6 0  

+ 1 0 7  

+ 1 6 . 3  

- 1 2 . 7  

+ 6 4  

+ 8 5  

+ 1 2 . 7  

+ 2 4 1  

Op ti c a l  den s it y  a t  
Enhan cement 2 8 0  nm/ l O Opmo le s Cr 

S e c t ion 4 S e c t i on 6 ·  Se c t i on 4 

procedure pro c edure . pro c e dure 

+ 5 3 . 3  0 . 6 2 0 . 8 1 

+ 1 2 0  2 . 0 4 0 . 17 

+ 2 4 2  1 .  3 5  0 . 3 1 

+ 1 3 7 3 . 2 4 1 . 1 4 

0 . 9 1 

3 . 7 8 

2 . 9 4 

4 . 5 

2 . 2 3 

0 . 7 2 

0 . 2 9 

1 . 1 3 

3 . 9 4  
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i s o lated  i n  e a c h  peak from high-c hromium y e a s t  extract  by 

t he s e c t i on 6 procedure and the s e ct ion 4 p r o c e dure s hows 
s ome vari at i on �n leve l s  name ly : P-1 ( +  6 � g ) , P -2 ( - 2 0  pg ) , 
P- 3 ( +  1 3 . 5  �g ) and P- 4 ( +  11 pg ) . As the d i f fere n c e  in 
the t otal  amount of c a t i oni c c hromium i s o l a t e d  by the two 
me t hods  wa s only ea 5 %  i t  would appear t hat the reason for 
t he variat i on in t he amount o f  chromium in t he individual 

p e ak s  was that the s e c t i on 6 i s o lat ion pro c edure had · not 
re s o lved the peaks as  we l l  as  the pro cedure de s cribed in  
s e c t i on 4 .  Examination o f  the opt i cal den s i ty  at 2 8 0  nm 
given in Tab le  6 . 4 shows that t h e  c omplexe s i s o l at e d  b y  
the pro c e dur e in s e c t i on 4 · were generally o f  hi gher puri ty . 
Only P- 1 when prepared b y  the short i so l a t i o n  proce dure 
showed le s s  ab s orbance at 2 8 0  nm . P- 3 ,  t h e  p e ak found to  
be mo s t  a c t i ve in  se c t ions 4 and 5 was far le s s  pure  b y  

t h i s  criter i on wi th the two value s of A2 8 0 / l 0 0  pmo le s o f  
C r  b e ing 0 . 3 1  ( s e c t i on 4 proc edur e ) and 1 . 3 5 ( short i s o la t i on 

pro c e dure ) .  
The a c t i vi t i e s  for the cat i onic c omp l e x e s  i s o la t e d  

from high- c hromium y e a s t  extract s hown in F i gure 6 . 3  ar e 
generally muc h  lower t han the a c t i vities  o f  c omparab le  peaks 
i s o la t e d  in  s e c t i on 4 .  P- 3 s t i l l  remain s t he mo st  a c t ive 
peak but in t he short i s o la t i on pro cedure t he per centage 

enhan ceme nt wa s only s li ghtly  gr eater than one ha l f  o f  t hat 
de t e rmined from the s e c t i on 4 p r o c e dure . The act ivity o f  

P- 2 wa s s imi l ar ly re duce d  and P- 4 to  a le s s e r  e xtent . P - 1  
s t i l l  showed low act i v i t y  but t h i s  wa s inc re a s ed c ompared 
wi t h  that found from t h e  s e c t i on 4 procedure . 

Sin c e  t he eluted pe aks ob t a ined b y  the shortened 
s e c t i on 6 p r o c e dure are n o t  as  we l l  re s o lve d a s  t ho s e  from 

t he s e c t i on 4 procedure , the maj ority o f  t he frac t i ons are 
le s s  pure or in the c a s e  of the P- 3 peak have reduced a c t i ­

vi t y . Thus the s e c t io n  6 pr oce dur� has o n l y  a l im i t e d  ro le 
in the pur i f i c at i on o f  c hromium c ontaining fra c t i on s  and i s  
u s e ful  main ly a s  a raB i d  de t e c t i on me thod . 

The l e ve l s  of c hromi um fo und in the b i o l o g i c a l  sample s 
t e s t e d  ( Tab l e  6 . 2 )  w ere in  good overall agreement w i t h  the 
re s u l t s  rep ort e o  by  Toep fer et al ( 19 7 3 ) , S chroeder et al 
( 19 7 0 )  and G u t hrie ( 1 9 7 5 ) . Di fferences in s amp le type and 



the met hod s o f  analy s i s  would have re sulted in  t h e  vari a ­

t ion s ob s e rved for s imi lar s amp le s  from the di f ferent 
worker s . On ly t t e  s p l i t  green p e a s  were found t o  have a 
chromium l e ve l  whi ch wa s t oo l ow for fur ther expe rimenta­
t i on . E x c ept for  t h e  b lack  pepper c orns , wh i c h  were  not  

measured, t he percent age o f  c hromium whi c h  was  extrac t e d  b y  
wat er fr om each b i o logical s amp le i s  shown in Tab le  6 . 3 .  

1 3 3  

I n  every c a s e , inc luding t h e  b l ack pepp e r c orn s t he chromium 
leve l s  wer e ade quate t o  a l low column chroma t o graphy to  b e  
carri ed  out . 

A l l  the b i o lo g i c a l  s amp l e s  t e s t e d  cont ained  s ome 
form of c at ionic  chr omium . . As c an b e  seen from Fi gure 6 . 2  

the e lu t i o n  o f  t h e s e  frac t i o n s  o c c urre d at a w i de var i e t y  
of  p H  value s ,  in f a c t  c hromium was e lut e d  from p H  1 . 7 5 r i ght 
through t o  pH 9 . 5 .  

Comp ar i s on o f  the p e ak s  i s o lated  from the  h i gh­
chromium y e a s t  e xtract  and l ow- chromi um yeast e xtract 
reve aled c e rtain s imi lar it i e s . ( Fi gure 6 . 2 ) . The e l ut i on 
o f  the f i r s t  two low- chromium y eas t e xtract p e ak s c lo s e  t o  
s imi lar h i gh-chromium y e a s t  e xt ract  p e ak s  enab l e d  t hem t o  
be lab e l le d  a s  l ow-c hromium y e a s t  e xtrac t P - 1  ( L . C . Y . E .  P - 1 ) 

and low - c hromium yeast  extract  P-2 ( L . C . Y . E .  P - 2 ) . How ever 
in s t e ad of the two p e ak s  lab e l led  P-2  and P- 4 e lu t e d  from 
t he high - c hromi um y east  extract , a  s ingle peak b i s e c t ing 

these  two  p e aks was  ob s erved for  the low- chromium y e a s t  

e xtrac t . Whet her t h i s  s ingle  p e ak w a s  P - 2  o r  P - 4  o r  a 
comb inat i o n  of  t he t wo i s  not c lear fr om Fi gure 6 . 2 .  

E xaminat i on o f  the p e r c e nt age enhan ceme n t s for the  
peak s  i s o lated from high- chromium yeast  extra c t  and low­

chromium yeast  e xtra ct ( Fi gure 6 . 3 ) showed t hat P-3 was the 
mo st  a c t i ve p e ak in both c as e s  and the p er c en t age enhan c e ­

ments  for t he t wo P- 1 peak s  were a l s o  i n  c l o s e  agreement 
( +  8 5 , + 7 4 ) . The P - 2  peak i s olated from the  hi gh-chromium 
yeast e x tract  had a percent age e nhan cement o f  + 5 9  whi c h  
sugge s t s t hat the  t hird p e ak i s olated from the  l ow-chromium 

yeast e xtract  may in fact b e  P- 2 s in c e  t he p er c en tage enhan­
cement ob t ained for t h i s  p e ak ( +  6 0 ) was almo s t  ident i ca l , 

but was c o n s iderab ly le s s  than the percentage e nhanc ement  

for P- 4 ( +  1 2 4 )  ob t a ined fr om t he high- c hromium yeast  



extra c t  ana ly s i s . I f  thi s analy s i s  was corr e c t  P - 4  would 

b e  ab sent from t he low- c hromium yeast extra c t . 

The mi cro gram amoun t s  o f  c hromium e lu t e d  in the 

re spe c t i ve p e ak s  were s imilar for both high- chromium y e a s t  
extra c t  and l ow-chromium yeast extract ; P - 1  ( 1 9 . 0 ,  1 8 . 0 ) , 
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P- 3 ( 1 7 . 0 ,  2 0 . 5 ) , P - 2 ( 6 . 0 , 7 . 0 * ) and P - 4 ( 1 0 . 0 ,  7 . 0 * ) ( * I t  
was as sume d that the third peak e luted fr om t h e  low c hromium 

y e a s t  extrac t i s o lation was ei ther P - 2  or P - 4 ) . The c omp a­
rat ive amount s e l ut e d  bore no r e l at i onship to t he amount o f  

chromi um ini t i a l ly i n  the yeas t e xtrac t s  ( 4 4 8  pg and 4 8 . 4  pg ) . 
Thi s  s ugge s t s t hat the chromium c on t ained i n  the low­
chromium ye a s t  extract was almo st  a l l  cat i oni c whi c h  in 
turn indi cat e s  t hat the ani on i c  and amphot eri c p o o l s  o f  
chromi um are formed only when an e x c e s s  o f  chr omium preva i l s . 

Thi s  re sult  i s , however , in apparent d i sagre ement 
with the re sul t s  obtained from the very low c hromium s y s t em 
in s e c t ion 5 in  whi c h  c hr omium- 5 1  was used and the ani oni c 
comp le xe s  i s o lated compri s ed the maj or prop ort ion o f  c hromium . 
Thi s c ould me an that there was a fundamental di fference  in 
the growth me di a of the y east  s trains from the commerc i a l  
low- chromium y e a s t  extra c t  and t he S .  cere v i s iae s t ra i n  

u s ed in  s e c t i on 5 .  
Taking into ac coun t the l ow percentage o f  c a t i o n i c  

chromium i s o l at e d  in t h e  very low c hromium s y stem i n  s e c t i on 
5 ,  the s imi l ar leve l s  o f  cat i oni c chromium ob serv e d  here 

for t he high- chromium y e a s t  e x t ra c t ' and the low-chromium 
y e a s t  extrac t may mean that the c a t ion i c  c hromi um fra c t i on s  
i n  the y e a s t  e xtract  are purely dep endent on  the med ium on 
whi c h  it  is grown and hence indep endent o f  any met ab o l i c  
fun c t ion i n  t he y e as t . Only from a de tai led analy s i s  o f  
the var ious grow th me dia  used in  t he manufact ure o f  y e a s t  
extract could thi s sugge s t ion b e  sub s tant iated . I f  i n  fa c t  
t he c at i on i c  c hromium l e v e l s  were not  re lat ed t o  t he n e e d s  
o f  t h e  yea s t , t hen t h i s  would b e  s trong evidence again s t  
t he proposal t hat GTF i s  a chromium- c ontaining fac t or i n  
yeas t . 

The r an ge of  percentage enhan c ement s o f  t he fra c t ions 

i s o l ated from t he b i o logical  s amp l e s  was well spread ( Fi gure 
6 . 3 ) with t he Sage B pe ak regi s t e r ing a p e r c entage enhan c e ­
men t  of - 1 2 . 7  whi l e  t h e  frac t i on i s ol ate d  from t he pork 



kidney p owder b e ing the mo s t  a c t i ve with a perc entage 
e nhan c ement of + 2 4 1 . 
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T o ep fer e t  al  ( 1 9 7 3 ) have rep orte d a re lat i ve b i o ­
logi c a l  va lue for c hromi um c omp le xe s extra c t e d  from a range 
of  fo o d - s tuffs . O f  thos e ana lysed here the value s for 
brewer ' s  yeast , wheat bran and b lack peppe r c orns were 
re port e d . Compari son of the s e  is shown in Tab le 6 . 5  

TABLE 6 . 5  COMPARI SON OF RE LATIVE B I OLOG I CAL ACTIVITY . 

Samp le Percent age 
enhan ceme nt 

Toepfer e t  al . Re lat i ve 
b i o logi c al value . # 

Wheat b r an + 1 2 . 7  2 . 2 1 

Black peppercorn s + 6 4  

+ 1 2 9 * ( +2 4 2 � ) 

1 0 . 2 1 

Ye a s t  e xtract or 

brewer ' s  y east 

4 4 . 8 8 

N . B . * maximum value for high-chromium yeast  extra c t  
P- 3 s e c t i on 6 i s o lat ion . procedur e . 

� maximum value for hi gh- c hromium yeast  extract 

P - 3  s e c t �on 4 i s o lat ion procedure . 

# the rat fat pad a s s ay was u s e d  in t he de ter­
minat i on o f  these value s . 

There i s  a s urpr i s ingly  go od c orre lat i on b e tween t h e  
two s y s t ems , con s i de ring t he va s t l y  d i fferent me t hods o f  

s amp l e  preparat i o n  and de terminat ion o f  b i o lo g i c a l  a c t i v i t y , 

whi c h  i s  s t rong e vi dence  t hat the yeast  fermentat ion as s ay 

i s  meas uring t he s ame parame ter as i s  the mor e c ommonly u s e d  
rat f a t  p a d  as say . 

A s  yet b i o logi c al value s for t he chromium e xtrac t ed 
from s age , mo las s e s  and pork kidney powd er have not b e e n  

rep o r t e d  i n  the l i t erature, al though pork k i dney powde r has 
been reported to  be a good s our ce of GTF ( Mert z and S chwa r z  
( 1 9 5 9 ) ) .  

O f  the fra c t i ons  a s s ayed for a c t iv i t y , t h e  two p eak s 

i s o la t e d  from s age , A and B a long w i t h  the wheat bran s howed 
l i tt le o r  no act i v i t y  and there for e the c a t i o n i c  chromium 
in t h e s e  s ample s mu st  b e  re garded as non -b i o lo g i c al de s p i t e  
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l i terat ure c la ims that wheat bran i s  a s ourc e  o f  GTF a c t i v i t y  

· ( Roginski e t  al  ( 1 9 7 1 ) ) .  The t hree remaining non-y e a s t  
e x t ra c t  s amp le s  all s howed ac t i vi t y ; b lack pepp erc orns 
( +6 4 ) , mo la s s e s  ( +8 5 ) and p ork k i dney powder ( + 2 4 1 ) . The 
p e ak i s o lat e d  from b la c k  pepper c o rns was e luted at a d i ffer­
ent p H  value from t he maj or , a c t i ve yeast e x trac t peak ( P- 3 )  

and s ince  i t  a l so  has a lowe r a c t i vity , t h e  chromium complex  
fr om the b lack pepper c orns doe s n o t  s eem to  b e  s imilar to  
the P- 3 y e a s t  extrac t fra c t i on . The mola s s e s  peak i s olated 
had a higher act ivi t y  and more imp ortantly was eluted very 
c lo s e  to the P - 3  fra c t ion from t h e  yeast e x t ract . As  mu ch 
commercial  y e a s t  is grown on me d i a  c ontaining mo l as s e s , 

t h e  chromium c omplex i s o lat e d  here may have been s imi lar 
or i dent i c a l  t o  that c ont aine d in the yeas t . This  me an s 
that the P- 3 fract ion derived from t he y e a s t  extrac t s  may 

in fact have b een ori gina lly d e r i ved from t he y ea s t s growt h 
me d i um and hen ce may not  b e  a me t a b o l i c  p rodu c t  o f  the 
y e a s t . The fract. ion i s olated from pork k i dney powder showed 
the large s t  act ivi t y  of any of the b i o logi c a l  mat e ria ls , 
inc luding t h e  complexes  i s o la t e d  from y e a s t ·  extract  ( alth­
o ugh it  wa s about the s ame a s  t h e  P-3 fr act ion ob t a ined 
from �ast  e xt ract a s  de s cribed in s e c t i on 4 ) . Thi s  c omp le x  
w a s  e lut e d  at a di fferent pH t o  t he yeast e xtract  c omp lexe s 
and hence  doe s not appear t o  b e  t he same . The sma l l  samp le 
s i ze of the p ork . kidney powde r frac t i on d id not al low 

further chara cteri s at i on work t o  b e  undertaken , b ut t he 
a c t i vi ty . reported here c onf irms the a c t i v i t y  reported by 
S c hwarz and Mert z ( 1 9 5 7 ) , who showed that p ork k i dn e y  p owder 

re s tored i mpaired gluc o s e  t o le rance in rat s to norma l . The 
pork k i dn e y  p owde r fra c t ion ' s  act ivity i s  also important  in 
that it shows a further c orre lat i on between the two a s say 
s y s tems di s cus sed i n  s e c t ion 3 .  Further work is  n e e de d  to 

e s tabli s h  t he exact nat ure o f  the active s amp le in t he p ork 
k i dney p owder frac t i on as t h e  op t i cal den s ity  at 2 8 0 nm 

l e ve l  ( Tab le 3 . 4 ) c le ar ly indi c a t e s  the pre s ence o f  a large 

amount of non-chromi um mat e r i a l . 



6 . 5  CONCLUS I ON 
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I t  i s  c le ar from t he re su lt s pre sented in  t h i s  s e c t i o n  

that a wide range of cationi c chromium fra c t i on s  exi s t  in  
samp l e s  whi c h  have  been reported a s  s our c e s  o f  GTF and t hat 
the s e  s how vary ing de gre e s  of a c t i v i t y  in t he y ea s t  fermen­
tat ion a s s ay . F o r  examp le , t he a c t i ve mat er i a l  in pork 
ki dney p owder and from c ommer c i al yeast  extra c t s  are s igni ­
ficant ly  different in t he i r  origins and in their  c hroma t o ­
graphi c behav i o ur on ion-e xc hange c o l umn s but show s imi lar 
spe c i f i c  activi t i e s  in t h e  in vitro a s say s y s t ems . Thus 
it doe s not app e ar po s s ib le to  t hink of GTF as a s ingl e 

uni que s pe c i e s  b ut rat her as a range of  c at i on i c mater i a l s  
po s s ib ly containing chromium . G i ven the impur i t y  leve l s  
o f  t he various i s o lated fra c t ions i t  i s  quite conc e i vab le  
that t h e  o b s erve d activi t i e s  are in fact  due t o  s ome ot her 
as yet un spe c i fi ed sub s tan ce or s ub s t ance s and are not re lated 
to  chromium at a l l . 

The i s o la t i on of  a moderate ly  active c a t i oni c fra c t i on , 
s imi lar t o  P - 3  from mo la s s e s  pre s en t s somewhat o f  a prob lem 
s in c e  i t  rai s e s  t he p o s s i b il ity t hat the pre s en c e  o f  P - 3  in 
comme r c ial  yeast  e xtrac t s  may be as a re s u l t  of the s ame 
fra c t ion b e ing pre sent in  t he growth me dium o f  the y e a s t , 
rather t han as a result o f  the y e as t s  me t ab o l i c  act i v i t y . 

Re sult s pre s ent e d  in s e c t i on 5 on the other hand ind i c a t e d  

that P - 3  might re s ult from y e a s t  metab ol i c  a c t ivity s in c e  
it  was not found in t h e  supp lemented  medium . A p o s s ib l e  
s o lu t i o n  t o  t hi s  di lemma c o u l d  b e  t hat  t h e  mo l a s s e s  cont a i n s  
a cat i o n i c  chromium fra c t i on deri ve d from the met ab o l i c 
a c t i v i t y  of  app ropriate s ugar cane c e l l s  dur ing whi c h  a 
comp le x  i s  produ c e d  s imi l ar t o  t hat p rodu c e d  b y  yeast . 



SECT ION 7 
STUDIES OF PREINCUBAT ION OF YEAST AND CHROM I UM CHLORIDE 

7 . 1  INTRODUCT ION 

I t  i s  ob s erved t hat s imp l e  chromium s a lt s , un l ike 
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t he chromium- c ont aining fra c t i ons i s o lat e d  from y ea s t  extract , 
d o  not show any a c t i v i t y  in the  y e a s t  as s ay ( s e c t i o n  3 . 3 . 7 ) 
nor in any ot her b i oa s s ay whi c h  has b e en u s e d  t o  moni t o r  
f o r  GTF a c t i v i t y  ( Mirsky et  al ( 1 9 8 0 ) and Ander s on et a l  

( 1 9 7 8 ) ) .  Furthermore  i t  h a s  b een  c la imed t hat i f  c hromium 
s a l t s  are l e ft for a l ong enough period o f  t ime , under t he 

r i ght cond i t i on s , the y east c onvert s it  int o a b io logi c al 
form whi c h  t hen s hows b i ologi c a l  a c t i vity in  the t e s t  s y s t em . 

The i de a  that b i ologi c a l ly ac t ive c hromium c an b e  
synthe s i s ed from so- c al led inorganic  chromium b y  various 

s p e c i e s  was  app l i e d  to yeast by Burkeholder and Mer t z  ( 1 9 6 7 ) . 

They c laime d t hat chromium ( I I I ) s a l t s  adde d  t o  c hromium­
d e p l e t e d  y e a s t  culture s caused an enhanced ferment at ion 

rat e over c on t ro l s  aft er  a 2 ho ur lag pha s e . Th i s  lag phase  
they  con c lude d was  po s s ib ly due t o . the t ime required for 

t he yeast  to s ynthe s i z e  the a c t ive chromium c omp le x  whi c h  
when formed 1 ac ce l e rat e d  the fe rmen tat ion rat e . 

The s ynthe s i s  o f  an a c t ive chromium comp l e x  from 
s imple chromium ( I I I ) s alt s wa s f ir s t  prop o s ed by Me rt z 

e t  al  ( 1 9 6 4 )  when working with rat s rai sed  on _ a l ow- c hromium 
d i e t . They c l aimed that an int rave�ous inj e c t ed do s e  o f  
c hr omium ( in the form o f  chromium chloride o r  as  hexaur e a  
c hr omium c hloride ) re s t ored t he previ ous ly  impaired gluc o s e  
removal rat e o f  t he r a t s  to  normal value s a ft er  a p er i o d  o f  
two hour s . Tpey conc luded t ha t  during thi s t ime the  chromium 
was conve r t e d  t o  a b io logi c a l  form whi ch w� s n e c e s s ary in  

order for  gluc o s e  removal t o  o c c ur at  norma l  rat e s . 
S imi l ar s tudi e s  have b ee n  c arried out on d i ab e t i c s  

i n  whi c h  s ome subj e c t s showed a n  improved gluc o s e  t o l eranc e 
a f t er r e c e i ving oral d o s e s  o f  c hromium ( I I I )  s a l t s  for perio d s  
o f  1 5  to  1 2 0  day s ( G l i n smann and Mert z ( 19 6 6 ) ) .  T h i s  again 

was  int e rpret e d  in terms of t he c onversion o f  the  c�romium 

int o  a b i o l o g i c a l ly a c t ive form . Alt hough the t ime s c a l e s  

for restorat i on o f  normal gluc o s e  t o l e ran c e  i n  t h e  rats  and 
humans were vas t ly d i f ferent , t h e  di f ferent method s  o f  



chromium supp lemen t at i on ( in travenous inj e c t ion and oral  
d o s ag e ) c �uld have cau s e d  t h i s  d i fference on the re s u lt s . 
S imi lar results i n  whi ch s imp le chromium ( I I I ) s a lt s have 
b e e n  s hown to  have a b i o l ogical  effe c t  after a p er i o d  o f  
t ime have recent ly b e e n  s ummar i s e d  b y  Anderson ( 1 9 8 0 ) . 
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I n  thi s s e c t ion it  i s  the a i m  t o  t e s t  t h i s  hypo t he s i s  
that b i o logi c a l ly-act ive c hr omium c omp lexe s c an b e  formed 
from s imp le chr omium ( I I I ) s alt s by y e ast . S in c e  t he demon­
s trat i on or otherwi se of s u c h  an e f f e c t  mus t  u l t imat e l y  have 
a bearing on whe ther or not  chromi um c omp l e x e s  i so l a t e d  from 
y e a s t  actua l ly p lay a r o l e  in the normal fun c t i oning o f  t he 
y eas t . 

7 . 2  METHODS AND MATERI ALS 
7 . 2 . 1  Yeast source . 

As  the e ffe c t  a t t r ibuted t o  t he addit ion o f  s imp l e  

chromium ( II I )  s alt s had a lway s b e e n  obs erved o n  c hromium­
de f i c ient sour c e s ( Mert z et al ( 1 9 6 4 ) and Burke h o ld e r  and 
Mer t z  ( 1 96 7 ) ) ,  the yeast  s o urce to be  used in t h e s e  e xp e r i ­
ment s  w a s  also  mad e c hromium-de fi c i en t . T h e  y e a s t  s t rain 
Sac c haromyce s  e l l ips o ideus  whi ch had b een rendered chromium­

d e f i c ient by the  growth p r o c e dure d e s crib e d  in s e c t ion 3 . 2 . 2  
gave a wide range of  fermen tat i on rat e s  in the a s s ay s , s ug­
ge s t in g  that it would be a s u i t ab l e  choice to t e s t  for 

incr e a s e s  in the ferment a t i on rat e after p r e in c ubat ion w i t h  
chromium chloride t o  a l low t he format ion o f  b i o logi c a l ly 
a c t i v e  chromium c omp l e xe s .  

7 . 2 . 2  Pre incub at ion o f  y e a s t  in c hromium c hl or ide-cont a ining 

pho�pha t e  buffer . 
Chromium s o lut ions  ( CrCl 3 . 6H 2o ,  1 0  cm3 ) were made up 

in pH 5 . 7 5 pho sphate buffer ( 0 . 0 6 3  M) at the fo l l owing c hro­
ium c on c entrat i on s : 0 . 0  pg/g , 0 . 1  rg/g , 1 . 0  �g/g and 1 6 . 0  
pg/g . H i gher chromium c o n c ent rat i on s  could not b e  a c h i e ve d  

as  c hromium pho sphat e pre c i p it ation o c curred a t  l e ve l s  o f  

chromium higher t han e a  1 6 . 0  ?g/g . Suffi c i ent y e a s t  was  
adde d t o  t he previously pr epared c hromium- c on t a ining buffer . 

8 t o  give  a final y e a s t  ce l l  con c e ntrat ion o f  1 . 5  x 1 0  c e l l s /  
cm3 at t h e  appropriat e t ime s t o  give yeast s amp l e s  t hat had 
been preincub at e d  for 4 8  hours , 3 2  hours , 1 3  hour s , l O  hour s 
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and 1 hour r e spe c t i ve ly . At t he c omp l e t i on o f  t � e  p r e in c ub ­

a t i o n  period the c oncentrat i o n s  o f  yeast c e l l s  were d e t e rmi ­

ned by t he me thod d e s c r ibed in s e ct ion 3 . 2 . 3  and e a c h  s amp l e  

in whi ch t h e  c e l l  c on centrat ion varied from 1 . 5  x 1 0 8 ce l l s /  

cm3 w a s  di luted wit h  t h e  approp r iate chromium-buffer s o lut i on . 

Fermen t at ion rat e s  o f  t he various y e a s t  s o l ut ions were 

t hen de t ermined by a met hod s im i l ar t o  that de s cribed for 

the as say s y s tem in s e ct ion 3 .  The Warb urg manometr i c  me t ho d  

w a s  u s e d  t o  monitor c arb on d i o x i d e  produc t i on as de s cr ib ed 

previous ly . 

The f o l lowing c ondit ions were used : 

FLASK : 2 . 0  c m3 o f  pre in cubat e d  y east s amp l e  in c hromi um­

pho s p hate buffer . 

S I DE ARM : 0 . 4 cm3 o f  gluc o s e  s o lut ion ( 0 . 1 2 6  M or 2 . 5 % w/v ) 

0 . 1  cm3 o f  pH 5 . 7 5 pho sphat e b uffer ( 0 . 0 6 3  M )  

WATERBATH t emp erat ur e  o f  3 0 ° C .  

Re s u l t s o f  the fermentat i on rat e s  for each o f  the 

c hromium c oncentrat i on s  for ea c h  of the p r e in c ubat i on t ime s 

were e xpre s s e d  in nmo l e s  o f  co 2 /minut e . 

7 . 2 . 3  Pre i n c ubat i on o f  y e a s t  i n  chromium c h l or i de - c ontainin g  

d e f ine d med i a . 

Chromium chloride s o lut i on s  ( 1 0 cm3 ) were made up in 

de fined me d i a  ( s e c t ion 3 . 2 . 3 ) at the fol l owing c hromium 

c on c en trat i o n s  0 . 0  pg/g , 0 . 1  p g/g , 1 � 0  �g/g and 1 0 . 0  pg/g . 

Previous l y  prepared c hromium-d e f i c i �nt y e a s t  was added at 

the appropri at e  pre i n c ub at i on t ime s t o  give a final c onc ent ­

rat ion o f  1 . 5  x 1 0 8 c e l l s /cm3 . The pre incubat i on t ime s u s e d  

w ere a s  fo l l ows : 4 9 ho urs , 3 5  hours , 17  hours , 1 2  hours and 

1 . 5  hour s . With t he pre inc ub a t i on o c c urr ing in a medium 

s o lut i o n , y ea s t  c e l l  mult ip l i c at ion was c on s i derab l e  for 

t h e  longer preincub a t i on t ime s . Ye ast c e l l  concentrat ion 

was mea s ur e d  for all s amp l e s  and adj ustme n t s  were made to 

b r ing each s amp le to t he s t an d ar d  level of 1 . 5  x 1 0 8 c e l l s /  

c m3wit h  t h e  app ropr i a t e  chromium-med i um s o lut ion . Ferment ­

at i on . r at e s  were mea s ured manometri cally in the Warburg 

app arat u s  ( water b at h , 3 0 ° C )
. 

by p l a c ing 2 . 0  cm3 of each 

s o lut ion i n  t he flas k , then p urging for 3 minut e s  with 0 2 
fre e N 2 t o  ensure anaerob i c  fe rmentat ion . No s id e  arm 

addit i on s  were neede d s in c e  the me d ium s o lut i on in whi c h  
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the y e a s t  c e l l s  wer e pre i n c ubated cont ained s u f f i c ient 

gluc o s e  for ferme nt at i on . Ferment at i on rat e s  were c a l c u la t ed 

in nmo l e s  o f  C0 2/min . Yea s t  c e l l  c o n c entrat i on was p l o t t ed 

again s t  preincubat i on t ime t o  e s t ab l i s h the e ff e c t  o f ·  c hrom­

ium chl oride on t he growth rate of c e l l s . 

7 . 2 . 4 Pre inc ubat ion o f  y e a s t  in c hromium chlor id e -c on t a i n ing 

d e f ined med i a  with d i fferent c arbohydrat e c omp onent s .  

To det ermine the e ff e c t  o f  d i fferent c ab ohydrat e 

sourc e s , t he fermentat ion rate o f  y e a s t  pr eincub at ed wit h  

chromium chlor i d e  s o lut i o n s  ( 1 0 cm3 ) with a range o f  c hr om ium 

c onc entrations ( 0 . 0  rg/g , 0 . 1  pg/g , 1 . 0  pg/g and 1 0 . 0  pg/g ) 

were made up in d e fined med i a  in whi c h  the only variab l e  

c omponent was the mr.bohydra t e  s our c e . The s e  m e d ia were 

mad e up a s  d e s c r i b e d  in s e c t ion 3 . 2 . 4  wi t h  t he f o l lowing 

carbo hydrat e sourc e s : gluc o s e , gal a c t ose , fru c t o s e , s u c r o s e  

and mal t o s e . Chromium-de f i c i ent y e a s t  wa s adde d t o  make t he 

yeast c e l l  conc ent rat i on 1 . 5  x 1 0 8 c e l l s/cm3 . Each s o lu t i on 

wa s prein c ubated for a period o f  1 7  ho urs . Again t here was 

considerab le y e a s t  c e l l  growt h ,  and adj us tment s to the y ea s t  

c e l l  c o n c entrat i on were made prior t o  fermentat ion rat e 

analy s i s  b y  d i lu t i on t o  1 . 5  x 1 0 8 c e l l s /cm3 wit h  t he appropr­

iate c arbohydrat e me dium- c hromium s o lution . Fermen t a t i on 

rat e s  were determined as d e s cribed in se c t ion 7 . 2 . 3 .  For 

each carbbhydrate source the yeast  c e l l c onc entrat ion was 

p lo t t e d  again s t  the chromium c on c ent ration to d e t ermine the 

effe c t  o f  chromium on the growt h rat e of ·the y e a s t  in e a c h  

medium , during a 1 7  hour pre incubat i o n . 

7 . 2 . 5  P r e inc ubat i on o f  y e a s t  in c hromium c h l o r i d e -c ont a in ing , 

c arbohydrat e-free , de fined media . 

To determine whet her t he b a s a l  rat e o f  ferment a t i o n  

of c hr omium-defi c ient y ea s t  wa s alt ered b y  c hr omium pre incub ­

at ion und er c ond it ions o f  c arbohydrat e s t arvat i on ,  t he f o l low� 

ing s o l ut i on s  were prepared .  Chromium chloride so lut i o n s  ' 

( 1 0 cm3 ) in de f i n e d  med i um , as  d e s c r ib ed in s e c t i on 3 ,  b ut 

witho u t  gluc o s e were made up wi t h  the fo l l owing c hromium 

concentrat ions : 0 . 0  rg/g , 0 . 1 pg/g ,  1 . 0  pg/g and 1 0 . 0  �g/g .  

Chrom i um-defi c i e nt yeast was added at a preincubat ion t ime 

o f  1 7  hours to produce a final yeas t celi conc ent rat ion o f  



1 . 5 x 1 0 8 c e l ls/cm3 . After t he requ ired 1 7  hour p e r i od , 

y ea s t  c e l l  c oncent ra t i o !'l  was d e t e rmined and adj u s tment s in 

c e l l  con c ent rat i on were made so that each c on c e nt r at i on wa s 

aga in 1 . 5 x 1 0 8 c e ll s / cm3 . B a s a l  ferment a t i on rat e s  wer e  

d e t ermined a s  de s cr i b e d  i n  s e c t ion 7 . 2 . 3 , ag�in , w i t h  n o  

s id e  arm add i t i on s . 
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7 . 2 . 6  Pre i n c ubat ion o f  yeast  i n  various chromium-containing 

y e a s t  extract media . 

Four de fined med ia s o lut ion ( 1 0 cm3 ) l ab e l l e d  as  A ,  

B ,  c and D were made up as de s cribed in s e c t ion 3 . 2 . 3  b u t  

w it h  the f o l lowing addition s : 

A no add i t ion . 

B 1 0 %  w/v low-chrom i um yeast  e x t rac t . 

c 1 0 %  w/v h i gh- c hrom i um yeast e xtrac t . 

D 1 0 %  w/v h i gh-c hromium yeast extrac t · p lu s  

c hromium c h l oride t o  produce a final chromium c onc entrat i on 

o f  1 0  pg/g . 

Chromium�de f i c i e nt yeas t wa s added at t he · appTopr iate 
8 3 

. 
t ime s t o  produce conc entrat ions o f  1 . 5  x 1 0  c e l l s / cm . The 

pre i ncubat i on t ime s u s e d  were 4 6  hour s , 2 5 hour s , l7 hour s 

and 1 . 0  hour . Aft er · the  pre i n c ubat ion had been conc luded , 

c o n s iderab l e  yeast  growth had o c c urred in the longer pre in ­

c ub at i ons and again y e a s t  c e l l  c o n c ent rat i on wa s d e t e rmined 

and adj u s t e d  to 1 . 5  x 1 0 8 c e l l s /cm3 with the appropTiate 

me d i um s o l u t ion . Fermentat i on rates were again monit or ed 

a s  d e s c rib e d  in s e c t i o n  7 . 2 . 2  with no add i t i on from t he 

Warburg flask s ide arm . 

7 . 2 . 7  Mi s c e l laneous a c t ivity a s s ays . 

( a )  Effect o f  i n su l in , 

S in c e  in sulin i s  es s en t i al in t he rat fat pad a s s ay 

and the a s s ay u s ing i s o lated a d ip o c y t e s  the e ffe c t  o f  insul in 

b o t h  on i t s own and i n  c omb inat ion with an a c t ive y e a s t  

extract fra c t ion was de t ermin e d , The s t andard a s s ay de s cr ibed 

i n  s e ct ion 3 was  used with the f o l l owing add it i on s , of  t he 

s amp les t o  b e  t e s t e d , made from t he s i de arm o f  t he Warburg 

f la s k .  

( l' )  0 . 1  cm3 o f  0 7 1 B · · l i  e a  . . )liDO ar · ov1ne 1n s·u n .  

( i i )  0 . 1  cm3 o f  a c t ive y e a s t  extrac t fra c t i on P-3  

( chromium c oncentrat ion of 0 , 1  pg/g } , 
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( i i i )  0 . 1  c m3 o f  e a  0 . 7  pmo1ar in sulin and a c t ive y ea s t  

extra c t  fra c t ion P - 3  ( chr omium c onc entra t i on o f  

0 . 1  �g/g ) , premixed for 2 4  hour s b e fore a s s ay in g . 

( iv )  0 . 1  c m3 of ea 0 . 7  �mo lar in sulin and a c t ive y e a s t  

extrac t  fra c t i o n  P - 3  ( c hr omium c oncentrat ion o f  

0 . 1  �g/f ) '  n o  premixing . 

A c t ivit i e s  were d e t e rmined and de s cribed in the 

normal manner ( s e c t ion 3 ) . 

( b )  Effe c t  o f  y ea s t  e xtract - c ontaining de fined growth 

me d i um o n  the s t andard a s say . 

I n  the s tandard a c t ivity  as s ay de s cr ib e d  in s e c t ion 3 
the y e a s t  used i n  the a s say has i t s  final growth on a d e fined 

med i um which was c hromium free wi t h i n  the · de t e c t ion l imi t s  

o f  the atomi c ab s o rp t i on me t hod u s e d  ( (0 . 0 4 pg/g ) . I n  t h i s 

var iat i o n  on the s t andard a s say a d e fined me dium wa s s t i l l  

u s e d  a s  the fin a l  growth me d i um but with t he add it ion o f  

var i o u s  p recent a g e s  o f  chrom i um-containing yeast  extra c t s . 

A l l  o t h e r  cond i t i o n s  were a s  describ ed for t he s t andard 

a c t i v i t y  as say in s e c t i on 3 .  The f o l l owing y e a s t  ext rac t 

addit i on s  were made t o  t h e  d e fined med ium . Chr omium c on c e n �  

t rat i o n s  of t h e  y ea s t  extrac t s  a r e  s hown in Tab l e  4 . l . 

( a )  no y e a s t  extract add i t i on . 

( b )  4 % w/v B . B . L  y e a s t  extrac t . 

( c )  2 %  w/v Oxo i d  y ea s t  extra c t . 

( d )  2 %  w/v D i f c o  y ea s t  extra c t . 

The fermentat ion rat e s  o f  t he y eas t s  grown on t he 

var io u s  medi a were te s t e d  for b lank fermentat i on rat e b y  

the addi t ion o f  0 . 1  cm3 p h o s phat e  b uffer ( 0 . 0 6 3  M l  and for 

an a c t ive samp le ( chromium c oncentrat ion = 0 , 1 pg/g }  ob t a ined 

from y ea s t  extract . 

7 . 3  RESULTS 

7 . 3 . 1  P re incubat ion o f  y e a s t  in c hromium c hloride-cont a in in g  

p ho spha t e  b uffer . 

Re sult s o f  the fermentat ion rate s  ror the ,four c hr omium 

c oncentrat i on s  at t he five preinc ubat i on t imes c ho s�n 

are s h own in Tab le 7 . 1 .  
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TABLE 7 . 1  FERMENTATI ON RATE S O F  YEAST AFTER P RE I NCUBATION 

OF YEAST IN CHROMIUM CHLORIDE-CONTAINING 

PHOSPHATE BUFFER . 

Rat e ( nmole s C 0 2/mi n ) 

Chromium Preincubat ion t ime ( hour s ) c on c entrat i on 

( pg/g ) 
1 1 0  1 3  3 2  .4 8. 

0 . 0  2 6 . 3  2 4 . 5  21 . 9  2 1 . 2  27 . 2  

0 . 1 22 . 1  2 8 . 8  2 5 . 9  2 0 . 9  2 4 . 9  

1 . 0  2 2 . 9  2 7 . 1  2 7 . 8  21 . 6  2 1 . 3  

1 6 . 0  27 . 1  3 4 . 2  32 . 2  2 4 . 7  21 . 9  

F i gure 7 . 1  s h ows the c ompar i son b etween increased  ferment at i o n  

rat e s  due t o  preincubat i on c arr i e d  out b y  Burke holder and 

Mert z ( 1 9 6 7 ) and tho s e  carr i e d  out here . The int erpretat i on 

given t o  t h i s  data by B urke ho 1der and Mert z i s  d i s c u s s ed in 

s e c t i on 7 . 4 .  

7 . 3 . 2  P r e i n c ubat ion o f  yea s t  i n  c hromium c hloride -cont aining 

defined med ia . 

U s in g  t he me thod de s cribed in s e c t i on 3 . 2 , 4  t h e  yeast  

ce l l  c onc ent rat ion for each of  t h e  chromium c on c ent rat ions 

from each pre incubat ion t ime was determin e d , Fi gure 7 . 2  

s hows yeast  c e l l c onc ent rat i on graphed aga i n s t  t he prein cub� 

at i on t ime for each c hromium c onc entrat ion as w e l l  as  the 

b l ank wi th no chromium add i t i on . Tab le 7 . 2  repre s e nt s the 

ferment at i on rat e s  in nmo l e s  of  C 0 2/rnin for e a c h  o f  the 

c hromium c on c entrat i o n s  at each of the pre i n c ubat ion t im e s . 
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F I GURE 7 . 1  

The w i d e  var iat ion i n  t he p e r c ent age o f  c arbon 

d i o x i de evolu t i on from y e a s t  c aused b y  t he metho d 

o f c a 1c u l a t i on ( di s c u s s ed in s e ct ion 7 . 4 )  i s  shown 

by a c ompari son o f  t he re s u l t s repor t e d  by Burk e ­

ho l d e r  a n d  Mert z ( 1 9 6 7 ) w i t h  t hose  o b t a ined here . 

Burkeho l de r  and Mer t z  ( 1 9 6 7 ) . 

Chromium ( I l l ) pre-incub at ed for 1 6  hours/ unsup p l e ­

ment e d  c o n t r o l s  ( 0-----0 ) .  
Chromium ( I I I ) , n o  pre-incub a t ion/unsup p l ement e d  

c o n t ro l s  ( 0------...;- -Q ) .  
Dat a ob tained he r e . 

1 6  pg/g c hromium c hl o r i de pre - i n cubat e d  for 3 2  hours/ 

un s upp l e men t ed controls ( ) . 

0 . 1  pg/g c hromium chloride pre -incuba t e d  for 4 8  hours/ 

uns upp lement ed contro l s  ( @-------® ) . 
1 6  pg/g c hromium c h l or i d e , n o  pre-incub a t i on/un s upp le­

ment e d  c on t ro l s  ( e-------- ) . 
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F I GURE 7 .  2 

The var i a t i on i n  y e a s t  c e l l  c oncen trat ion c au s ed b y  

pre- i n c ub at i on o f  y e a s t  o v e r  4 8  hours in var i o u s  

c on c ent rat i ons o f  c hromium c h l orid e - c ontaining de fined 

med i a . 0 . 0  �g 'Cr/g ( ) ,  0 . 1  pg Cr/g 
(- -- - - - - - - - - �) ,  1 . 0  pg Cr/g (- ··- · · - · ·- · · - - - - · · - - -- - - ) ,  

1 0 . 0 yg Cr/g ( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) . 
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TABLE 7 . 2  FERMENTATION RATES AFTER PREINCUBAT ION OF YEAST 

IN CHROMIUM CHLORIDE -CONTAINING DEFINED MEDIA 

Rat e ( nmo l e s  co 2 /min . )  

Chromium Pre in c ub a t i on Time ( hours ) c on c e nt rat i on 

( }lg/g ) 
1 . 5  1 2  1 7  3 5  4 9 

0 . 0 2 1 5  2 9 2  2 5 2  1 6 3  11 3 

0 . 1  2 2 7  3 0 3  2 3 0  1 1 2  l 0 3  

1 . 0  2 5 0  2 8 0  2 4 0  1 1 7  9 8  

1 0 . 0  1 6 3  1 8 2  118 1 21 1 0 2  

7 . 3 . 3 Pre i n c ub at ion o f  y e a s t  in chromium c h l or i d e -c on t a in-

ing de f ined med i a  with d i f fer ent c arb o h ydra t e  c ompon-

ent s . 

The ferment ation rat e s  are shown in Tab l e  7 . 3  for 

each of t he c hromium and yea s t  pre incubat i o n s  in the media 

s o lu t i o n  c ompr i s ed of the fol lowing carbohydrat e s : gluc o s e , 

gala c t o s e ,  fru c t o s e , s u c r o s e  and mal t ose . 

TABLE 7 .  3 FERMENTATI ON RATE S AFTER A 17 HOUR ' P RE INCUBATION 

OF YEAST IN CHROMIUM CHLORIDE- C ONTAINING DEFI NED 

MED I A  WITH DIFFERENT C ARBOHYDRATE C OMPONENTS . 

Rat e ( nmo les  co2 /min . )  

Chromi um Carb ohydrat e t y p e  c onc entrat ion, 

(pg/g )  
G luc o s e  Galact ose Fru c t o s e  sucro s e. Mal .t o,s .e 

0 . 0  2 5 3  6 6  1 2 5  2 6 8  4 7 

0 . 1  2 5 6  7 0  1 0 2 2 4 7  4 3 

1 . 0 2 3 6  70  107  2 4 0  5 3  

1 0 . 0  2 2 8  6 2  115  2 2 3  2 7  

Figure 7 . 3  s hows the variat ion o f  y east c e l l  conc entrat i on 

due t o  t he c hr omium c o nc entrat ion for the 1 7  hour preincub �  

at i o n  for e a c h  o f  the c arbohydrat e s ourc e s  u s ed . 
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F I GURE 7 . 3  

Var i a t i on in y e a s t  c e l l  c o n c entrat i on c au s e d  b y  a 

1 7  hour pre-incub at i on due t o  various  concentrat i ons 

of c hromium c h l oride in d e fined med ia c ompo s e d  o f  

various  c arbohy drat e s . Fru c t o s e  ( ) , 

Sucro s e  (- -- -- - - -- - .-- - -) , G lucose  (- . .  -· · - ··- . . -· · - · · - .. -) ,  

G a l ac t o s e  (· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·) ,  Mal t o  s e  (- o - o- o - o - o - o - o 

- o - o - ) , 
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7 . 3 . 4 Pre i ncubat i on o f  y ea s t  i n  c hromium chloride-con t a ining , 

c arbohydrat e - free d e fined media . 

Re s u l t s  to d e t e rmine t he basal  rat e o f  ferment a t i on 

in t he ab s ence o f  any carbohydrate s ource wer e d e t e rmined 

a ft er a 17 hour preincub at i o n  t ime . The y e a s t  c e l l  c onc entr­

a t i on aft er the - 1 7  hour prein c ubat ion al ong wit h · t h e  ferment ­

a t i on rat e on the adj u s t e d  c e l l  c onc entrat i on s o lut ion are 

shown in Tab le 7 . 4 .  

TABLE 7 . 4 FERMENTAT I ON RATES AFTER A 1 7  HOUR PRE INCUBATION 

OF YEAST IN CHROMIUM CHLORIDE- CONTAI N ING , CARBO­

HYDRATE-FREE DEFINED MEDI A . 

C hromium Yeast  c e l l  c on c entrat i on 
c oncentra t i on aft er 1 7  hour pr eincub a t i on Ferment at i on rat e 

( pg/g ) ( c e l l s/cm
3

) ( nmo l e s  co 2/min ) 

0 . 0  2 . 2 5 X 1 0 8 2 , 1 

0 . 1  2 . 4  X 1 0 8 1 . 5  

1 . 0  2 . 2 5 X 1 0 8 1 . 8  

1 0 . 0  2 . 8  X 1 0 8 1 . 7  

7 .  3 .  5 Pre incubat i on o f  y e a s t  in chromiun,.,.... c ontaining y e a s t  

extract me di a . 

F e rmentat i o n  rat e s  o f  t h e  yeast , pre incubated in the 

med ium b lank , and the three yeast �xtrac t - c ontain ing med i a , 

aft er t he various p r e incubat i on t imes are s hown in Tab l e  7 . 5 .  

TABLE 7 . 5  FERMENTATION RATE S AFTER PREINCUBATION OF YEAST 

IN DEF INED MEDI A  CONTAINING DIFFERENT YEAST 

EXTRACT C OMPONENT S .  

Rat e  ( nmOl e s  C02/:n1in 2 ' ' '  ' '  

Type o f  pre incubat ion 
medium 

Preincubat i on t ime (hour s ) 

Blank 

Low- c hromium yea s t  extact  

High-chr omium yeas t extract 

H igh-c hr omium yeas t extract 
+ Cr C1 3 

N . B . *  Low yeast growth o c curred 

may not be s i gn i f i c an t . 

1 .  0 1 7  2 5  . ' 4 6 . 

1 5 5  2 0 6  2 0 4 17 7 
1 9 7  4 0 9  4 9 6  3 9 4 

1 9 7  2 3 6 * 4 1 6  3 9 7  

1 4 6 3 8 3  3 8 3  21 9 

and consequent ly thi s value 
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Many o f  the rat e s  s hown in Tab l e 7 . 5  wer e muc h  fast er 

t han any o t hers  encount ered previous ly w i t h  the Warburg 

apparatus . A s  a result  o f  these rates b e in g  s o  fas t  t he 

me t hod of rat e  determinat ion wa s perhap s n ear i t s  l im i t  .and 

c o n s e quent ly l arger error s wi l l  be a s s o c i a t e d  with the 

faster fermen t a t ion rat e s . 

7 . 3 . 6  Mi s c e l laneous a c t ivity  d e t e rminat i o n s , 

( a )  A c t i vity o f  i n s u l in in t he standard a c t ivit y 

a s s ay . 

The p e r c ent age enhancemen t s  calcu l at ed for the four 

s amp l e s  de t a i led in methods 7 . 2 . 6 a t o  de t e rmine the e ff e c t  

o f  i n s u l in are shown i n  Tab le 7 . 6 .  

TABLE 7 . 6  ACTIVITY OF INSULIN IN THE STANDARD ASSAY . 

S ample Perc en t age enh�n�e�eht 
___....,. 

( i )  0 . 7  �mo lar insul in 

( i i )  P - 3  ( Cr = 0 . 1  �g/g) 

( i i i ) 0 . 7  �mo l ar in s u l in + P - 3  

( Cr = 0 . 1  pg/g ) , premixed 

24 hour s . 

( iv )  0 . 7  umo l ar insul in + P - 3  

( Cr = 0 . 1  �g/g ) , n o  

premix ing , 

� 2 . 8  

+ l 5 2  

+ 1 4 4  

+ 1 3 0  

( b )  A c t ivit i e s  from the s t andard a s s ay aft eT y e a s t  

ext r a c t  addi t ion t o  the d e fined growt h me d i um . 

Re s u l t s  of the p e r c en t age enhancemen t s  o f · the  ferment �  

at i on rat e s  for a b l ank and an ac t ive samp l e  for · the  var ious 

growths o n  d e f ined med i a , d e t a i l e d  in me t h o d s  7 . 2 , 6b ,  aTe 

s ho wn in Tab le 7 . 7 .  



TABLE 7 . 7  PERCENTAGE ENHANCEMENTS OF BLANKS AND ACTIVE 

SAMPLES DETERM I NED FROM YEASTS GROWN ON VARI OUS 

YEAST EXTRACT-CONTAINING MEDIA . 
· '  

1 5 1 

Percentage enhancement from d e fined 

Yea s t  growth me d i um 

De fined med i um 

De fine d med ium + 4 % w/v 

B . B . L .  y e a s t  extract 

De fined me d i um + 2%  w/v 
Oxotd y e a s t  ext�a c t  

De fined med i um + 2 %  w/v 
D i f c o  y e a s t  e x t ra c t  

7 . 4  DISCUS S I ON 

me d ium b lank rat e : 

Phosphat e buffer b l ank Ac t iv e  S ample 

0 

- 3 . 2  

!'"" 3 . 2  

- 6 . 4 

+ 2 0 6  

+ 2 5 4 

+ 2 5 4  

+ 3 0 3  

The fermenta t i o n  rat e s  s hown in Tab l e  7 . 1 show n o  

e ffe c t  o f  e i t her incre a s ed chrom i um c oncen trat ion or i n c rea s e d  

pre inc ubation t ime , a l l  value s l y i n g  within t he range o f  

value s norma l l y  found · for the b l an k  as say d e s cribed i n  s e c t i o n  

3 . 3  ( 1 9 nmo l e s  c o 2/min t o  3 7  nmo l e s  C02 /min ) .  A c t i ve s amp l e s  

have b een s hown t o  have p ercentage e nhancement s o f  up t o  

2 4 0 %  wher eas t h e  max imum for any o f  the c hromium-ye a s t  

pre i n c ubat ions s hown i n  Table 7 . 1  wa s on ly 4 7 %  ( for t he 

1 6 . 0  pg/g c hromium-y eas t s o lut ion after preincub at i on for 

thirteen hour s ) .  Thu s t here is no evi dence to s upport the 

forma t ion o f  any b i o lo g i c ally ac t ive chromium c omp l e A  when 

the y ea s t  i s  p re incubat e d  with c hromium chloride in p h o s phat e 

b uf fer . 

Burkeh o lder and Me rt z ( 1 9 6 7 ) ob t aine d t h e  re su l t s  

s hown in Figure 7 . 1  a f t e r  a 1 6  hour preincub at i on . However 

the repor t e d  r e sult s · were calculated a s  the percentage 

i n c re a s e  in c o 2 produc t i o n  o f  t h e  c hromium- s upp lem ent e d  

sample over u n s upp leme n t e d  c ontro l s , and l arge e rrors  ari s e  

i n  s u c h  c a l c u lat ions ( e s p e c i a l ly during t h e  e arly s t a ge s  o f  

fermentat ion ) b e cause a s ma l l · d i f ference i s  d e t ermin e d  

b etween two l arge numb e r s . The var i ab i l i t y  i n  t he r e s u lt s 

whi c h  can b e  obt ained from such a c alc ulat i on c an b e  s hown 

b y  r e c alculat ing two s e l e ct e d  p i e c e s  of data appear ing in 



Tab le 7 . 1 � The 1 6  pg/g c hromium pre incubat�d for 3 2  hour s 

gave r e s u l t s  simi lar t o  t ho s e  o f  Burkeho lder and Mert z ,  

whi le for the 0 . � pg/g chromium pre incubated for 4 8  hour s 

all t he r e s u lt s c a l culated . in thi s way, for t ime s l e s s  than 

1 0 0  minute s ,  s howed a c omp l e t e l y  r andom b ehavi our . Such a 

random b e havi our was c ons i s t ant for the maj or i t y  o f  t he 

a s s ay s . The fermentat i on rat e s  at l o nger a s say t imes 

(>3 0 0  minut e s ) were howeveP more c o n s i st ent and perhap s 

1 5 2  

more truely mea s ur e  t he e ffect  t hat the chrom ium c onc entration 

and t he prein c ub at i on t ime has on the fermen t at i o n  rat e . 

The val ue s  rec orded for t h e  two s � l e c t ed samp l e s  were : for 

the 1 6  �g/g c hromium ,  3 2  hour pre incub at i on a 1 4 . 5 % incre a s e , 

and for t he 0 . 1  pg/g chromium , 4 8  hour pre incubat ion a 2 . 0 % 

decreas e .  The s e  were b o t h  i n s i gni f i c ant var iat i o n s  when 

c ompare d  to t he 2 4 0 %  incre a s e  ob t a ined for an a c t ive P-3 
samp l e . 
I 

Thus the r e s ult s reported by Burkeholder and Me r t z  

are more prop erly int erpret ed in t erms o f  the . l arge experi ­

ment a l  error s in the ear l y  s t ages  o f  t he f ermentat ion and 

there s eems t o  b e  no eviden c e  for the convers i on of s imp l e  

chromium ( I I I )  s a l t s into a b i o log i c a l ly a c t ive form o n  

pro lol'}ged c ontact w i t h  t he y e a s t . 

Tab le 7 . 2  shows t he fermentat i on rat e s  for yea s t  

preincub at ed i n  chromium c h l oride - c ont aining medi a , I t  i s  

apparent that a l l  t he rate s ,  inc luding the zero c hromium 

b l ank , were c ons i de rab ly hi gher t han t ho s e  l i s t ed in Tab l e  

7 . 1  where t he y e a s t  prein c ub a t i on w a s  i n  pho spha t e  buffer 

only . The magni tude of t h e  increased ferment a t i on rat e 

( up t o  t en t imes ) was surp r i s ing but may b e  ex plain ed in 

either o r  a c omb inat ion of the f o l lowing way s . · In t he c a s e  

of the y e a s t  preincubat ed in the med i um , the y e a s t  s amp l e  

for as say w a s  t aken from an a lready ferment ing s amp l e  and 

c onsequent ly a 'lferrnentat i on lap s e "  d i d  not o c c ur in t hi s  

me t hod o f  as s ay whereas i n  t he previous  ferment at i on s  the 

yeast was taken s traight from a pho sphate b u f fer b lank 

s o lut i on where l it t le or no fermenta t i on woul d  have b een· 

o c c urring . Se c ondly , t here was the d i fferenc e  in the me thod· 

of  the two as say s y stem s , Whereas in t he firs t  c a s e  the 

prein c ubated y e a s t  was a s s ay e d  in pho sphat e b uffer and 
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g l uc o s e , in the s e c ond c as e  it was a s s ayed i n  the d e fined 

me dium i t s e l f .  Both s o lut ions c ontained g l u c o s e  but  the 

de fined medi um cnnt ained additi onal minerals  and vi t amins 

whi c h  may have caused the incre a s e d  growt h rate and ferment­

at ion rat e . A d e t a i l e d  examinat ion o f  the · medium c omponen t s  

w i t h  a vi ew t o  a s c ertaining tho s e  whi c h  were capab l e  o f  

c a u s ing in cre a s ed fermentat ion r a t e s  was not  undertaken b u t  

a l l  vitamin s u s ed ( b i o t in , panto then i c  acid , inos i t o l , 

t h i amine , n i c ot in i c  a c i d , pyridox ine and p ara-aminob en z o i c  

ac i d )  were re garded a s  ne c e s sary growth fac t ors b y  Suama l­

ainen and Oura ( 1 9 7 1 )  and hence l i k e ly to c au s e  e leva t e d  

fermentat i on rate s .  A l though dire c t  c ompar i s on w i t h  t he 

re s u l t  in Tab le 7 . 1  was not po s s ib le c ompar i s on b e t we en the 

re s u l t s  given in Tab le 7 . 2  s howed s imi lar t r end s , Again 

t h ere was a t endency t oward s l ower ferment at ion rat e s  b o t h  

w i t h  increa s e d  chromium c onc ent rat ion and a l s o  longer 

preincub at i on time s . The c ompar i s on o f  y e a s t  c e l l  c oncent­

rat i on at  each o f  t he preincub a t ion t ime s , for the med i a  

c ont aining t he four di ffe rent c hromium conc entrat i on s , 

s howed l i t t l e  or no a l t e ration in c e l l  conc entrat ion due t o  

variat ion in the c hromium c oncentrat ion . Hence from the 

re s u l t s expr e s s ed s e c t i o n  7 . 3 . 2  i t  wou ld app e ar t hat 

c hromium had l i t t le or n o  effect  on the y e a s t  c e l l  c onc entr� 

at ion but had an inhi b i t ory e f f e c t  on the ferment at ion rat e 

at higher c hromium c o n c e ntrat ions f9r pre incuba t i on t ime s 

up t o  4 9  hour s . 

The data expre s s ed in Tab l e  7 . 3 . 3 in whic h  t he ferm­

entat ion rat e s  of y e a s t  pre incub at e d  in chromium c h l o r i d e ­

cont aining m e d i a  w i t h  various c arb ohydrat e s our c e s  a r e  

shown , a l s o  s howed high value s . The s e  were pre sumab l y  due 

t o  e i ther o f  the reasons  prop o s ed for the h i gh fe rmentat i on 

r at e s  seen in Tab l e  7 .  2 . Con s iderab l e  variat i on. in ferme nta­

t i on rat e s  b et ween c arbohydrat e s  was  a l s o  ob s erved b u t  

variation d u e  t o  d i fference s i n  chromium · c on c entrat ion was 

s l ight , again with the maj or .e f fe c t  b e ing a decrea s e  in 

rate at higher chromium leve l s , Cert ainly the de c re a s e  

ob s erve d here wa s n o t  a s  pronoun c ed a s  that i n  Tab l e  7 . 2 .  
F i gure 7 . 3  s hows the vari at ion o f  y ea s t  c e l l  c on c en t ra t i on 

w i t h  chromium concentrat ion aft er a 1 7  hour pr� incub a t i on 
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for each o f  the c arbohydrate s ource s .  The near l y  h or i z on t a l  

nature o f  t h e  line s again sugge s t e d  t hat a lthough t h e  d i ffer­

ent carb o hydrat e s  had an e f f e c t  on y ea s t  c e l l  c oncentrat i o n , 

diffe re n c e s  in c hromium l e ve l s  di d n o t . I t  i s  c le ar t ho ugh 

that the yeast growth is affected b y  t he t ype of c arb ohydr a t e  

s ource pre sent . 

The data e xpre s s ed in Tab le 7 . 4 showed t hat t he b a s a l  

ferment a t i on rat e o f  t he y e a s t  w i t h  n o  carb ohydrate sour c e  

a t  a l l  wa s a l s o  unaffe c t e d  b y  expo s ure to var i ou s chromium 

c on centrat ion s . 

The fermentat i on rat e s  shown in Tab le 7 . 5 again a l l  

s how c on s iderab ly higher rat e s  than t h e  average b l ank range 

o f  19  nmo le s co 2 /min- 3 7  nmo l e s  co 2/min for a s s a y s  in p ho s ­

phate b uffer . More important ly,  the preincub at i on s  in whi c h  

the var i o us y e a s t  extrac t s  we re inc luded i n  t h e  medium , 
s howed in crea sed fe rment at i o n  rat e s  over the b lank rat e s  

( de fine d  me dium o n ly ) . Hen c e  the pr e incub at ion . in the y e a s t  

e x t ra c t - c ontaining med i a  r e s ulted in about a t w6 fold incre a s e  

i n  fermentation r a t e  over c ontrol r a t e  for yea s t  prein c ub at e d  

in the de fined me dium . Thus some material  o r · fac t o r  in t h e  

yeast  e xt rac t s  i s  c aus ing a n  enhan c ement o v e r  a n d  ab ove the 

acce l e rat ed b lank r at e s  b rought ab o u t  by preincubat i o n  in 

me dia whi ch con t ain var i o u s  growt h factor s . 

The ferme n t at i on rate s for the high-chromium y e a s t  

extract and l ow- c hromium y e a s t  extr� c t  ar e s imi lar and s ugge s t  

that e a c h  yeast  e xt ra c t  c on t ains s im i l ar quant i t i e s  o f  t he 

mat e ri a l  c ausing t he incre a s ed ferme n t at i on rate s . Where 

chromium chloride has been a dded to the h i gh-c hrom i um y e a st 

extra c t  t he fermentat ion r a t e  value s are general ly · lbwer , 

as ob s e rved previou s ly , again indi c a t ing that preincub at i on 

with s imp le chromium ( I I I )  s al t s  d o e s  not re s u l t  in i n c r e a s e d  

ferme n t at i on rate s .  Thus , t h e s e  re s u l t s  a r e  c o n s i stent  w i t h  

tho s e  reported e ar l ier in t h i s  s e c t i on . There doe s appe ar 

to be a t ime dep endenc e  in t he a t t a inment o f  the max imum 

rate o f  ferment a t i o n , with t h �s maximum o c c urring at a pre­

incub at ion t ime o f  1 7 - 2 5  hour s . Unfortuna t e l y  n o  par t i cu lar 

s igni f i c anc e c an be attributed to t h i s  phenomenom at t h e  

pre s en t  t ime . 
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7 . 4 . 1  Mi s c e l l aneous a c t i v i t y  d e t e rminat i o n s . 

The rat fat p ad a s s ay whi c h  has b een u s e d  e x t e n s i ve l y  

t o  de t e rmine t he, a c t i v i t y  o f  b i o l og i c al c hr omium fra c t ions  

( GTF ) requi re s t he pre s ence o f  sma l l  quant i t i e s  o f  in s u l i n  

for opt imum ac t ivity ( revi ewed s e c t ion 3 . 1 ) . Thi s  require­

men t  has promp te d  r e s e archers to spe culate on a GTF - i n s u l i n  

int erac t i on a n d  some e v i den c e  h a s  b een found t o  supp ort t h e  

c l aim in a n  i n  v i t r o  s i t uat i on ( Campbe l l  a n d  Mer t z  ( 1 9 6 3 ) , 

McDonald and Belusko ( 1 9 7 6 ) ) .  A l t hough i n s u l in has not 

b een report e d  t o  have any fun c t i on within y ea s t  it wa s c on­

s idered wort hwhi le to a s say i t , a l ong wi t h  an - act ive P-3 

fra c t i on i n  the s t andard a s s ay be c au s e  of thi s propo s ed 

i n t erac t i on . The re s u l t s shown in Tab le 7 . 6 c learly show 

that in s u l i n  when a s s a y e d  b y  i t se l f had n o  e ffe c t  on increa s ­

ing t he rat e o f  co2 e vo lu t i on and in c omb inat i on with the 

a c t i ve P - 3  s ample t he enhancement re c ord e d  wa s l e s s  t han 

that re c orded for the a c t i ve P - 3  s ample a s s ayed on i t s  own . 

The s e  re s ul t s  con firm that the s t andard y e a s t  a s s ay has n o  

requirement f o r  in s u l i n  and are not s upport ive o f  t h e  i d e a  

o f  a GTF- in s ul in int e r a c t i on b e i n g  e s s ent i a l  · for b i ologi c a l  

a c t ivi t y  in a l l  s y s tems . 

Re s u l t s o f  a s s ay s  c onduc t e d on yea s t  grown o n  var i o u s  

d e f ined med i a  with ye a s t  e xtract  addi t i o n s  are shown in 

Tab l e  7 . 7 .  One of the maj or crit eria for t he s t andard a s s a y  

has  b een the requireme n t  o f  the y east use d in the a s s ay t o  
. 

b e  c hromium-de fi c i en t . Altho ugh t he c omme r c i a l  y e a s t  e x t rac t s  

u s ed here h ave re lat i ve l y  l ow chromium c o n c entra t ions , never ­

t h e le s s  gro wt h  o f  t he y e a s t  on t h e s e  y e a s t  e xtrac t -containing 

me d i a  prior to c ommenc ement of the a s s ay woul d  have enab l e d  

t h e  up t ake o f  c hromium i f  i t  wa s in fact a n  e s s en t i al requir e ­

men t . Con s equen t l y  fermentat i on rat e s  d e t e rmined i n  b lank 

a s s ay s  perf ormed on the yeas t s  gr own on m e d i a  c on t a in ing t he 

y e a s t  extrac t  may have b een expe c t ed t o  b e  higher than t h e  

b l ank a s s ay per formed on t h e  y ea s t  grown on d e fined medium 

in the ab s e n c e  o f  c hr omium . S imi l ar ly , t h e  perc entage e nhan­

c ement ob s erved for an a c t i ve s amp le determined in an a s s ay 

for whi c h  y e a s t  was grown on y e a s t  extra c t - c ontaining me d i a  

may be le s s  due to t h e  upt ake o f  b i o logi c a l ly a c t ive chromium 

from the y e a s t  extrac t s . The r e s ul t s  in Tab l e  7 . 7  show that 
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ne i t h er of the s e  expe c t at i on s  has b e en rea l i s e d , The b l ank 

rat e s  are s imi l ar for a l l  t he y e a s t  s amp l e s and a l s o , a l l  

the y e a s t  s amp l a s  show h i gh per cen t age . enhan cemen t s  on 

add i t i on of an a c tive s amp l e . Several p o s s ib le exp lanat i ons 

exi s t  for t he s e  re sult s . 

( 1 )  The extens ive wa shing in d i st i l l e d  water after 

the  yeast  growt h  and b e fore the yeast  wa s u s ed in an a s s ay ,  

in order t o  remo ve any adherring medium c omponent s ,  may have 

leac hed out the a c t ive mat e r i a l  t ak e n  up b y  the y e a s t  during 

i t s  growth . T h i s  would ind i c a t e  t hat by e x t e n s ive washing 

yea s t  c ould b e  rendered chromium d e fi ci ent . 

( 2 )  The y e ast extrac t s  u s e d  in the vari o u s  growt h 

me di a c ont aine d insuffi c ient l e ve l s  o f  b i o l o g i c a l ly -a c t ive 

chrom i um t o  p r o vi de for the yeas t s  re quirement s so t hat when 

a l l  t h e  avai l ab l e  chromium was t aken up the ob s erved ferment ­

ati on rate was unaltere d . 

( 3 )  The s e  result s c ould a l s o  b e  c on s i st ent with the 

non- e x i s t e nce o f  t he glu c o s e  t o leran c e  fac t or in y e a s t  extra c t . 

In t h i s  c a s e  t h e  observe d p er c entage enhan c ement s o n  a dd i t i on 

o f  a c t i ve s amp l e  would indi c at e  t hat some e x t e rnal fac t or , 

not an integra l p art. o f  t he y e a s t  c e l l  was c au s ing t h e  incr­

ea s ed p e r c entage enhancement l e ve l s . 

C on s idered overal l  the dat a e xpre s se d  i n  t h i s s e c t i on 

sugge s t s  that i f  c hromium c h l or ide h a s  any e f fe c t  on y e a s t  

ferme nt a t i on rat e s  after preincub at i on , t hen t h i s  i s  an 

inhib i t ory one . No evide n c e  wa s found to s ugge s t  t hat y e a s t  

c o u l d  synthe s i s e act i ve c hromium c omp lex e s  c apab l e . o f  i n c re a s �  

i n g  the ferme n t at i on rate at l e a s t  in the p r e in c ub a t i o n  

peri o d  u s e d  h e r e  o f  u p  t o  4 8  h o ur s . Howeve r t here i s  c l e arly 

some fac t or in y e a st extra c t  whi c h  l e ads t o  enhan c e d  ferment ­

at ion r at e s  o ve r  and ab ove t h e  e ffe c t  of · t h e  e s s en t i a l  growth 

fac t o r s  required by y e a s t . 



SECTION 8 

FURTHER FRACTIONATION AND ANALYS I S  OF CATI ON I C  FRACTIONS 

8 . 1  INTRODPCTION 
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The i s o lat i on and det erminat ion of b i o l o gi c al a c t i v i t y  

o f  a l l  the c hr omium- c on t a ining fra c t ions in c ommer c i al y e a s t  

e xtract  h a s  b e e n  c arri e d  out ( s e c t i on 4 )  and the o r i g in o f  

t h e s e fract i on s  has b ee n  determined ( s ect i on 5 ) . The c a t i o n i c  

fra ct ions are t h e  mo s t  a c t ive , par t i c ular ly P- 2 ,  P - 3  and P- 4 

b ut of the s e  P - 3  i s  the only fra c t ion whi c h  ful f i l s t he t hr e e  

c r i t eria l a i d  d own for a b io l o g i ca l l y  act ive c omp lex . I t  

i s  not  produc ed by reac t ion with med i a  o r  e lue nt r eagent s ,  

i s  i s  retained by the y ea s t  and a l s o  i t  s hows a c t iv i t y  i n  

t he s t andard a s say . O f  the o t h e r  cat i on i c  c omp l e x e s  P- 4 

ful f i l s  a l l  the c r i t er i a  other than b eing retained b y  t he 

y ea s t . The s e  two fra c t ions were t herefore cho s en for an 

att empt at further pur i fi c at i on . 

S in c e  the re s u l t s obtained in s e c t ion 7 have c a s t  s ome 

doub t  on a funct ional r o l e  for chromium in y e a s t , the que s t i on 

ari s e s  a s  t o  whether t he a c t i v i t y  measured for the a c t ive 

fra c t i on s  P-3 and P--'4 ?-s due t o  a c hromium c omp lex o r  t o  e x t r an­

e o u s  mat er i a l . I t  i s  hoped t hat furt her p ur i f i c at i o n  o f  

the frac t i on s  P - 3  and P- 4 might shed s ome l i ght o n  thi s 

i mp ortant que s t ion . 

8 . 2  METHODS AND MATERI ALS 

8 . 2 . 1 Samp l e s  for further pur i fi c at i on . 

The s amp l e s  s e l e c t e d  for further puri f i c at ion work 

were : 

( 1 )  P � 4 i s o l a t e d  fr om a h i gh-chrom i um y e a s t  eAtra c t  

prepared a s  de s c rib ed i n  s e c t i o n  4 . ( t o t a l  c hromium i n  the 

s amp le was 15  p g ) . 

( 2 )  P - 3  i s o lat e d  from a h igh-chromium y e a s t  e x t ra c t  

prepared a s  d e s c r ib e d  i n  s e c t i on 4 ( t otal  chromium in the 

s amp le w a s  20  pg ) . 

( 3 ) P- 3 i s o la t e d  from · a l ow-chromium y e a s t  e xt r a c t  

prep ared a s  de s cr i b e d  in s e c t i on 6 ( t otal  c hromium in t h e  
_,-

s amp le wa s 2 1  yg ) . 
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8 . 2 . 2  I on-exchange c hromat o graphy . 

Only Dowex 5 0W-X2 c a t ion-ex c hange re s in was u s e d  i n  
t h e  further pur i fi cat i on of  the chromium frac t i ons . Thi s  

1 5 8 

was u s ed b e cau s e  o f  it s di fferent b ind ing propert i e s  c ompare d 
with tho se of  the Dowex 5 0W-Xl 2 previ ous l y  u s e d . The s e  
di fferen c e s  were pre sumab ly brought about b y  the r e du c t i on 

in cro s s  linkage in the r e s in t o  2 % . The r e s in was pr epared 
in the H+ form a s  des crib ed for the Dowex 5 0W-X1 2 re s in in  
s e c ti on 4 .  As  t h e  samp le s i ze was  c onsiderab l y · redu c e d  s o  
t o o  were the c o lumn vo lume s in compar i s on wi th t h e  c at i on­
exchange column s used previ ous ly . · s amp le s i z e  wa s alwa y s  
le s s  t han 5 0 0  cm3 and a t y p i cal c o l umn wou l d  have a vo lvme 

of  5 0  cm3 and dimen s ion s o f  2 . 8  cm x 8 . 0 �m . The samp l e s  
were l o aded a t  p H  4 . 5  ( t i trated t o  t h i s  p H  wi th HC l )  w i t h  
a condu c t ivity o f  l e s s  t han 5 0 0 0  �mho at a speed o f  e a  

2 . 0  cm3/minute . Exper iment s  were c arried o u t  b y  l o ad ing 
samp l e s  at lower c ondu c t ivity l eve l s  but the re s u l t s  ob t a ined 
were s imilar wh i c h  meant that it  was more e ff i c i ent to l oad 
at t h e  higher c ondu c t iv i t y  l eve l and thus  avoid the nee d  for 

extens ive dilut i on of the s ample . 
A s imp le 2 step e lut i on procedure was u s e d  whi ch 

eluted t he bound c hromium in a single peak . Th e e luent s 
used were : 

( 1 ) di s t i l led wat er unt i l  the opt i c al den s i t y  at 
2 8 0  nm had b een reduced to near b as e l ine l e ve l s . 

( 2 )  0 . 0 5 M Na 3ro 4 unt i l  the pH re ached � 11 . 8  and 
the opt i cal den s it y  at 2 8 0  nm had b een redu c e d  to near b a s e ­

line leve l s . The eff luent from the c olumn during loading 
of the s amp le as we l l  as the e lut e d  p eak s were analysed  for 
chromium and me a s ured for p H  and c onductivi t y  b y  the methods 
de s cr i b ed in s e c t ion 2 .  

8 . 2 . 3 G e l  fi l t rat i on chromatograp hy . 
Sephade x G l 5  ge l fi l trat i on c hromatography res in was 

used r outinely for final puri f i c at i on . Thi s  r e s i n  had a 
mo le c u l ar wei ght cut-off s p e c i fied b y  the manufacturers  of 
1 5 0 0 , this giving a mo l e c u l ar wei ght range whi c h  was s u itab l e  
for t he separat i on require d . The re s in wa s prepared a c c ording 
t o  t he manufac t urers ins t ruct i ons . The c o l umn u s e d  had a 
vo lume o f  4 5 0  cm3 wi t h  d mens ions o f  2 . 6  cm  x 8 5  cm . The 
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s amp l e  s i z e for loading wa s a lways 5 cm3 o r  l e s s . The c o lumn 

was run i n  d i s t i l l e d  wat e r  and t he c ondu c t ivit y , the  opt i c a l  

den s i t y  at 2 8 0 nm' and t h e  c hromium l e ve l s  o f  t he fra c t ions 

e luted were measur e d . 

8 . 2 . 4 A c t ivity . 

A c t ivity mea s urement s for the e lu t e d  s amp l e s  were 

p e rformed by the s tandard as s ay pro cedure · · d e s c ri b e d . in 

s e c t i on 3 .  

8 . 2 . 5  Chemi cal c hara c t eri s at i on mea s urement s .  

Chemi cal chara c t er i s a t i on me a s urement s invo lving 

infra-red spec tra , v i s ib l e  and u l tra-v i o l e t  s p e c t ra , nmr 

s p e c t ra a s  well  a s  ma s s  s p e c t r o s copic  data were c arr ied out ­

as  de s cr i b e d  in s e c t i on 2 .  

8 . 2 . 6  A c t ivity caus ed b y  e lut ion wit h  ammoni a ,  

Vari o us samp l e s  b o t h  a c t i ve and inact ive , s ome c on t ai n -.  

ing chromium and s ome free o f  c hromium ( b e low de te c t i on l imi t s 

o f  0 . 0 4 pg/g )  were b ound t o ,  and e luted · from , Dowex 5 0W.-Xl 2 

re s in . The e luent s u s ed in a l l  c a s e s  were var ying c oncentr­

a t i ons of NH 40H . A c ti vi t y  me a surement s a s . de s cribed in 

s e c t i on 3 were made b e fore and a ft er e lu t i o n  t o  a s c e rtain 

the e ffe c t  whi ch NH 4 ?H e lu t i on h ad on the a c t ivity  of the 

s amp l e s . 

8 . 3  RE SULTS 

8 . 3 . 1  I on - exchange c hroma t o graphy . 

The peaks o b t ai ned when the three s amp l e s  ( P- 4  and 

P- 3 from t he high- c hr omi um y e a s t  extract and P - 3  from the 

l ow-chromium ye ast e xtrac t ) were e luted as de s cribed in 

s e c t i o n  8 . 2 . 2  from a c o l umn c ontaining t h e  Dowex 5 0W-X2 re s in 

are s hown in Figur e 8 . 1  a ,  b and c .  In t h i s  fi gure to a i d  

c ompar i s on a s t andard pH and c ondu c t ivity  eluti on profi le 

has been c a lculat e d  b y  averaging both the pH and c ondu c t ivit y 

profi l e s  for �ach o f  t he three e lutions and · p lo t t ing the s e  

o n  a uni f orm e luti on v olume a xi s . Two c hromium · p e aks were 

apparent from each e lu t ion , t he first repre s ent ing mater i a l  

e i t her n o t  b inding o r  b e ing e luted w i t h  t he ri s e  i n  p H  a s  

wate r  w a s  flowed t hr ough the c o l umn , whi l e  the s e c ond w a s  

e luted b y  t h e  Na 3P o4 • The p e ak hei ght s were var i ab le for 

e ach o f  t he thre e s amp l e s . 



F IGURE 8 . 1  a , b , c  

Each o f  t h e  t hree f i gure s s hows an averaged pH p r o f i le 
� . . . . . .. . . . . . . . . · 

· · ·  . . . . . . . . . . . . . . . .  ) and an averaged c ondu c t ivi t y  pro-

fi l e  c- .. _ .. _ , _ · · - · · - · · - · · - · · - ") for e lut ions c arried out from 

Dowex 5 0W-X2 re s in . The t ub e  volume c o l le c t e d  was 

10 cm3 and t he chromium c onc entra t i on i s  s hown b y  

(-----------------) .  8 . 1a s hows the s ep arat ion o f  a 

P - 4 fra c t i on from h i gh-chromium yeast  e x t r a c t , B . lb 

shows the s ep arat i on o f  a P - 3  fract ion from high­

c hromium y e a s t  extract and B . l c  shows the s ep arat i o n  

o f  a P - 3  frac t ion from l ow- c hromium y e a s t  e xtrac t . 
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A c t i vi t i e s  o f  these  p e ak s  were determined where the 

amo unt of c hr omium was suff i c i ent and t he s e  are s hown in 

Tab le 8 . 1  t o gether w i t h  the op t i c a l  den s i t y  at 2 8 0  nm/1 0 0  

pmo le s o f  chromium . 

TABLE 8 . 1  ACTIVITY OF FRACTI ONS E LUTED F ROM DOWEX 5 0W�X 2 . 

Chromium 

2eak 

S amp le ( i ) b ound 

n o t  b ound 

S ample ( i i )  b o und 

n o t  b ound 

Sample ( i i i )  b ound 

n o t  bound 

Per centage 

enhan c ement ± 

+ 1 5 0  

+ 2 6  

+ 1 7 5  

+ 9 1  

+ 2 5  

O . D 

l O O  

at 2 8 0  

2mo le s 

1 0 , 4 5 

0 . 2 9 

5 . 1 6 

2 , 2 2 

0 . 0 9 

nm/ 

o f  Cr 

N . B . ± amo unt s o f  chromi um where per centage enhanc ement 

has been d e t e rmine d we re 1 9 2  pmo l e s . 
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I t  i s  apparent from t he data e�pre s s ed in Tab le 8 , 1  t hat t he 

a c t ive frac t ions remain b ound t o  the Dowex 5 0W�X 2  c o lumn , 

The di s t urb ing feature i s  the l arge increase  in the l ev e l  

o f  impuri t i e s  a s  me a s ured b y  t h e  opt i c al dens i t y  a t  2 8 0  nm 

for a l l  t he b ound fra c t ions , I n  e a c h  c a s e  the e lu t e d  b ound 

frac t i o n s  were bU lked and free ze dri ed for ge l f i l tr at i on . 

8 . 3 . 2  Ge l f i ltrat ion chroma t o graphy . 

The frac t i o n s  o btained a fter ·Sephadex G -1 5  ge l fi l tra­

t i on c o l umn chroma t o graphy on each of the three · a c t iv e  s amp l e s  

from the i o n  exc hange chroma t o graphy · were mea s ur e d  for 

c hromium , c o nduc t ivi t y  and opt i cal dens i t y  at 2 8 0 nm , 

8 . 2  shows the pro f i l e  of the opt i c a l  den s i t y  at 2 8 0  nm 

a c t i-vity , 
F i gure 

and 

the percent age enhanc ement at various  po int s acro s s  the pro­

f i le . The peak p o s i t i ons o f  t he chromium and o f ' the c onduc t ­

i vity are marked w i th a n  arrow ( ! ) .  The b ound c hrom ium and 

c onduc t iv i t y  gave s ingle peaks , The op t i cal den s it y  p r o f i l e  

h owever wa s more c omp lex . The a c t i vi t y  pro file  wa s s omewhat 

more spread but d i d  s how a defin i t e  p e ak . It i s  apparent 

from Fi gure 8 .  2 that in eac·h c a s e  separat ion of the c hromium 

peak from t he main a c t ivi t y  peak ha s o c curred . 



F I GURE 8 . 2 '
a , b , c  

The e lut i o n  profi l e s are shown for each o f  the b ound 

fra c t i on s  from F i gure 8 . 1 a , b , c  on Sephadex G-2 5 g e l  

f i l t rat i on re s in . T h e  t ube volume c o l le c t ed was 

1 0  cm3 , opt i c a l  den s i t y  at 2 8 0 nm (- - - - - - - - - - - - ) , 

p e r c entage enhanc ement for indiv idual t ub e s  ( I ) ' chromium peak ) ' 

c onduc t i v i t y  peak ( L ) . 8 . 2 a s hows 

the further s ep arat i on of the P- 4 frac t i on from 

h i gh-chromium y e a s t  extract , 8 . 2b shows the furt her 

s ep arat i on of t he P - 3  fract i on from high-c hromi um 

y e a s t  extrac t , 8 . 2 c s hows the further s ep arat ion 

o f  t he P-3 frac t i on f P om l ow-chromium y e a s t  extrac t . 
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8 . 3 . 3 Chemi c al char a c t eri s at i on o f  a c t ive fra c t i on s . 

Frac t i on s  whi ch had t h e  h ighe s t  a c t ivity  ( fr om the 

s amp l e s  ( i )  and { ii )  whi c h  were the P- 4 fra c t i on i s o la t e d  

16 3 

from high-c hromium y e a s t  e x t ra c t  and the P - 3  fra c t i on i s o la t e d  

from a h i gh- chromi um y e a s t  e x t r a c t  re spe c t ive ly )  were fre e z e  

dri ed f o r  further c h emi c a l  ana l y s i s . From t h e  d a t a  shown 

in F i gure 2 . 2 a ( P- 4 h i gh- c hr omium y e a s t  extract ) and b ( P- 3  

h i gh- c hromium y e a s t  extrac t ) i t i s  app arent t hat t h e  a c t i vi t y  

p e ak for P - 3  near ly c o in c ided with the c ondu c t ivity peak , 
whi le for P- 4 the a c t i v i t y  p e ak wa s d i s p l a c e d  further t o  

t h e  lower mo l ecular weight end o f  the e lut i on profi l e . O n  

fre e z e  drying i t  was app arent t hat the s o l i d whi te s amp l e  

from t he P - 3  frac t i on w a s  predominant l y  s a l t l ike ( wh i c h  was 

c on s i s t e n t  with the h i gh c onduc t ivity of the s amp l e ) whi l e  

P - 4 showed t he pre s en c e  o f  an o ff-whi t e , l i ght , or gani c 

l o oking mat erial . A f lame t e s t  confirmed that mo s t  o f  the 

material wa s combu s t ib le . To determine whe ther t he act ivi t y  

s e en wa s due t o  s a l t  o r  organ i c  mat e r i a l  1 cm3 o f  each o f  

t he two s amp l e s  wa s a shed a s  d e s cr ibed i n  s e c t i on 2 . 2 , 2b ,  

t h en t aken up in t h e  s ame vo l ume o f  pH 5 . 7 5 phosphat e buffer 

( 0 . 0 6 3  M ) . A s tandard a s s ay was performe d ( se c t i on 3 )  on 

t he ashed s amples  and the s e  value s were c ompared to those  

t aken b e fore the s amp l e s  were a s hed ( Tab l e  8 . 2 ) . 

TABLE 8 . 2  PERCENTAGE ENHAN CEMENT OF SAMPLE S  BEFORE AND 

AFTER ASHING . 

S ample 

P- 3 

P- 4 

Percent age enhanc ement 

B e fore a s hing 

+ 1 1 7  

+ 1 7 6  

After a shing 

8 . 3  

- 4 . 3  

B o t h  s amp l e s  are c le ar l y  ina c t ive after a s hing , 

A s  various workers have report e d  a l o s s  o f ' a c t ivi t y  

o n  dry i n g  ( Shap c o t t  e t  a l  ( 1 9 7 7 ) ) P-4 ( t he mo st a c t i ve s amp l e ) 

was as sayed for i t s r e t ent i on o f  a c t ivity a ft er fr e e ze dryin g , 

The free z e  dried s amp l e  gave a perc ent age enhan c ement o f  

+ l � Z  whi ch was t h e  s ame1 within the var iab i l it y  o f  t he mea s ure ­

ment , a s  t he percentage enhanc ement b e fore fre e z e  drying 

of + 176 , hence demonstrating that fre e ze dry ing had no t 

s i gn i fi c ant ly altered t he a c t ivity . 
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Chemi c al chara c t eri sat ion wa s undert aken pre dominant l y  

on t he re l at i ve l y  s a l t  free P- 4 s amp le b y  t h e  met hods o f  
. 1 1 3  ma s s  s pe c tr ome try , H and C nmr s pectrome t ry , infra-red 

spe c trophot ome t r y  and u l tra-vi o l e t  spe ctroph o t ometry . Limi t ­

a t i o n s  o n  t he amount o f  P - 4  did n o t  allow e lemen t a l  ana l y s i s  

t o  b e  undertake n . For t h e  u l t ra-vi o let · spe c trophotomet r y  the 

s amp l e  was t e s t e d  at extreme range s o f  a c i d i c  and b a s i c  pH 

.as we l l  as neutral pH to de t e c t  any shift s in peak s c au s ed 

b y  the c hange in pH c on d i t i on s . 

The ma s s  spec t rum ( Fi gure 8 . 3a )  shows a mo l e c u l ar 

ion o f  ma s s / c harge rat i o  o f  1 3 7  wi t h  s ign i fi c an t  fragmentat ion 
I 

peak s at 1 0 9 , 1 0 8 ,  1 0 7 , 7 7  and 3 0 . The 1 3 / p e ak wa s c omputer 

mat c hed t o  a mo l e cular formul a  of c 8H1 1No . Under a c i d  and 

neutral c ondi t i ons the u ltra-vi o l e t  spectrum ( Fi gure 8 . 4 a )  

shows peaks a t  2 2 2  nm and 2 7 6  nm with a s h o u lder 2 8 2  nm . 

On change t o  a l kal ine pH the p e ak s shi ft t o  2 3 9 nm and 2 9 5  nm 

re spe c t ively with the di s app earan c e  of the s houlde r . The 

phenomenon i s  rever s i b l e  on addit i on of a c i d  t o  r e gener at e  

a neutral o r  a c i d  pH . T h e  s hi ft o f  the p e a k· from 2 2 2  nm t o  

2 39 nm sugge s t s  the removal o f  a p r oton from a b ound - OH 

group whi le t h e  shift o f  the p eak from 2 7 6  nm t o  2 9 5 nm 

s ugge s t s  an a lt erat ion in t he r e s o nance s t ru c t ure . The 

s p e c t r a  are i n  fact s im i l ar t o  t ho s e  exp e c t e d  for pheno l .  

The infra-red spec trum ( F i gure 8 . 4b )  reve a l e d  the f o l lowing 

maj or peak p o s i tions with t he p r o b a� le a s s i gnment s given in 

Tab l e  8 . 3 .  



F IGURE 8 . 3a 

The ma s s  s p e c t rum obt ained for the h i ghe s t  q c t i ve 

P - 4 ( high- chromium y e a s t  extract ) fra c t i on from the 

S ephadex G - 2 5  c o lumn in F i gure 8 . 2 a .  

F I GURE 8 . 3b 

The ma s s  spec trum o b t ained for the h i ghe s t  a c t ive 

P - 3  ( hi gh- chromi um yeast e x t ract ) fract i on from the 

Sephade x G- 2 5  c o lumn i n  F igure 8 . 2b 
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F I GURE 8 .  4 a  

The ult ra-vi o le t  ab s orbance s c an o f  the h i gh e s t  

a c t ive P- 4 ( hi gh- c hr omium y east e xtrac t ) fra c t ion 

s ho wing ac i d  and neutral pH ( ) 

and alkaline pH (- - - - r - - -- - - - 0 . 

F I GURE 8 .  4 b  

The infra-red t r ansm i t t an c e  s c an o f  t h e  h i ghe s t  

a c t ive P - 4 ( hi gh- c hromium yeast  extrac t ) fra c t ion 

ob t ained b y  u s i n g  a KBr p e l let . 

.. -· 
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TABLE 8 . 3  ASSIGNMENTS OF MAJ OR PEAKS FROM THE INFRA-RED 
- SPECTRUM OF THE P - 4  SAMPLE 

P e ak de s c ription 

( wavenumb ers ) 

Broad p e ak 3 4 0 0 -2 5 0 0  

cent ere d at 3 1 0 0  

Broad p e ak c ent e r e d  at 1 6 0 0  

Sharp p e ak 1 5 0 0  

Broad p e ak centered a t  1 3 5 0  

Pair o f  peaks , 1 2 4 0  and 1 2 6 0  

Sharp p e ak 8 3 0  

Sharp p ea k  at 5 6 0  and 5 1 0  

Pos s ib le a s s ignment 

OH 

NH 

ar oma t i c  

phen o l  

aroma t i c , p o s s i b l y  1 : 4 
s ub s t itut i on 

aromat i c  1 : 4  sub s t i t ut i on 

amine or aroma t i c  

S trong p e ak 2 0 0  amine -NH2 

The 1H nmr spectrum ( Fi gure 8 . 5 a )  with the s amp l e  di s s o lv e d  

in D2 0 s howed a v e r y  s trong H2 o band ( omit t ed from the 

spe c t rum ) and al s o  t hree o ther d i s t in c t  group s of p e ak s  

centered at 1 . 0 6 ,  2 . 4 2 and 6 . 3 9 ppm from t he TP S re fer e n c e  

s i gna l . The s e  p e ak s  were g i ven the f o llowing a s s ignment s 

16 7 

1 . 0 6 ( no a s s ignment p o s s ib l e ) , 2 . 4 2 ( -CH2 - )  and 6 . 3 9 ( ar omat i c  

hydrogen s  showing a 1 ,  4 d i s ub st itut i on pattern ) . The 

re lat i ve areas o f  t h e s e  two p eaks are approxima t e l y  1 : 1 ,  t hu s  

i f  t he aromat i c  r e g i on c orre s ponds t o  4 protons  t hen t he 

peaks  in the - CH 2 - r egion a l s o  c orr e s p ond t o  4 proton s , The 
l 3 c s p e c t rum ( Fi gure 8 . 5b )  s h owed four d i s t i n c t  p eaks or 

group s o f  peaks c entered at 3 4 . 8 2 ,  4 2 . 8 5 ,  11 8 . 41 ( and 11 7 , 6 0 )  

and 1 3 1 . 9 7 ppm fr om the TPS r e fere n c e  s i gnal , The s e  p e ak s  

were given the f o l lowing a s s i gnment s 3 4 . 8 2 ( CH
e

-N ) ,  4 2 . 8 5 
( )- cH2 ) ,  1 1 8 . 4 1 and 1 17 . 6 0 ( ar��at i c  c arbon s :c)C- C )  and 

1 3 1 . 9 7 ( aromat i c  c arbon s HO-C�C- ) .  The two p e ak s  in t h e  

- CH2 - re gion ( 3 4 . 8 2 ppm and 4 2 . 8 5 ppm ) are c o n s i s tent �1 t h  

two met hy lene gro up s , one o f  whi ch i s  n e x t  t o  a b enzene r i n g  

whi l e  t h e  3 peak s in the aromatic r e g i on c an b e  a s s i gn e d  t o  

1 1 8 . 4 1 ,  1 1 7 . 6 0 and 1 31 . 9 7 ppm . 

The c omb in e d  informat ion c l e arly shows · t hat the unknown 

sub s t a n c e  i s  pred ominan t l y  p arahydroxyphenyle thy1amin� more 



FI GURE 8 . 5 a  

The ' lH nmr s p e c trum o f  t h e  highe s t  a c t ive P - 4  
( hi gh- c hromium y e ast e x t rac t )  frac t i on . 

FIGURE 8 . 5b 

The l 3 c  nmr s p e c t rum _ o f  t he highe s t  a c t ive P - 4  
( h i gh- c hromium y e a s t  e x t rac t ) frac t i on .  
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c ommonly known a s  t yramine . 

Examinat i o n  o f  the mas s  spe c trum o f  the P - 3  s amp le (Fi gure 

8 . 3b )  r e ve al e d  t h e  pr e s en c e  of a c on s i derable · amount of l ow 

mo l e c u l ar wei ght material b u t  a l s o  a s ub s t ant i a l  quant i t y 

o f  tyramine . 

A s amp l e  o f  tyramine hydr o chlor ide wa s u s e d  t o  p r epare 

ultra-vi o let and i n fra-red spe c t ra whi l e  the s t andard spe c t rum 

pub l i s he d  by EPA/NI H  Ma s s  Sp e c tral Data Ba s e  i s  pre s e n t e d  

for c ompari so n  a l on g  w i t h  t he u lt ra-vi o let a n d  in fra-r e d  

spe c tra in Fi gure 8 . 6a , b and c .  Th e me lting p o int for t he 

pure t yramine was report ed t o  b e  1 4 2 ° C ( C , R , C .  Handb ook o f  

Chemi s t r y  and Phy s i c s ) whi l e  the me a s ured range o f  the fr e e z e  

dri e d  material wa s 1 3 3-1 3 8 ° C .  

8 . 3 . 4 A c t i vi t y  o �  tyramine ( p arahydroxyphen y l e t hy l amine ) .  

Tyramine H C l  was prepared in a s eri e s  o f  aque ou s 

s o lu t i o n s  from whi c h  the a c t i v i t y  wa s me asure d i n  the s t and­

ard a s s a y  ( s e c t i on 3 ) . The c oncentra t i on range of t yramin e  

4 - 2  8 - 4  cho s e n was . 2 3 x 1 0 · M t o  2 .  x 1 0  M .  The op t i c a l  

den s i t y  at 2 8 0  n m  w a s  me a s ured and t he cho sen range enc om­

pas s e d  t he opt i c a l  den s it y  va lue at 2 8 0  nm of 1 1 . 6  of t h e  

free ze dri ed a c t ive s amp l e . The m e a sured perc ent age enhan c e ­

ment s  a l ong with t he op ti c a l  den s i t y  values are shown i n  

Tab le 8 . 4  for each of the t yramine -HCl c oncentrat i on s , 

TABLE 8 . 4  ACTIVI TY OF VARI OUS TYRAMINE CONCENTRATIONS 

Concentrat ion o f  t yramine Op t i c al density P e r c entage 

(·M · x 1 0 - 3 ) at 2 8 0  nm e nhanc emen t  

4 2 . 3  4 0 , 2  +10  

2 5 . 3  2 4 . 1  - 6 , 6 

1 6 . 9  1 6 . 1  + 1 . 6  

8 . 3 1 7 . 9  + 5 . 0  

4 . 1 6 3 . 9 5 - 6 , 6  

1 . 6 6 1 . 5 8 + 1 , 6  

0 . 8 3 0 . 7 9 3 . 3  

0 . 2 8  0 . 2 6 0 , 0 
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FI GURE 8 .  6a 

The u ltra-vi o le t  ab s orb an c e  spe c t rum of a t yramine­

B e l  s amp le at a c i d  and neutral pH (---------) , 

and a lka l ine p H  (- - - - - - - - - - - -) .  

FI GURE 8 .  6b 

The i n fra-red t ransmi t t an ce s p e c trum o f  a t yr amine-H C l  

s amp l e  ob t ai ne d b y  u s in g  a KBr pe l le t . 

FI GURE 8 .  6 c  

The mas s spe c t rum p ub l i s he d  b y  EPA/NIH Ma s s  S p e c tra l 

Dat a B a s e  for parahydroxyphenyl e t hy l amine ( t yramine ) . 
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The s e  r e s u lt s show t hat the t yramine -H C l  s o lut i on s  ar e qui t e  

ina c t i ve and hen c e  t yramine i s  n o t  t he mat e r i a l  in t he fre e ze 

dri ed s amp le which i s  r e s p on s ible for t he a c t i vi t y  d e s p i t e  

the fa c t  that i t  c on � t i t ut e s  more t han 9 0 %  o f  t h e  mat er i al 

in t he fr eeze dri ed P- 4 s amp le .  

8 . 3 . 5  Further anal y s i s  and a c t i vi t y determinat ions . 

Be caus e o f  the sma l l  amount s o f  each s amp l e  remaining , 

further e xaminat i on was po s s ib le on l y  by ma s s  spe c t ro s c op y . 

Two approaches were made , t he first  o f  whi c h  involved c ompu­

t er mat c h ing the unident i f i e d  mas s / c harge p e ak o f  1 3 5  s ee n  

in F i gure s 8 . 3  a and b t o  pheny l i s o t h i o cyanat e . 

@-Ncs 

The s e c ond approach involved a c i d i fying the ori ginal fre e ze ­

dr i e d  mat erial s o  a s  t o  c onvert any non-vo lat i l e  salt s pr e s ­

ent whi c h  wou ld n o t  produc e  a ma s s  spe ctrum into their 

re spe c t i ve free acid  group s . The ma s s  spe c trum given by  

thi s a c i d- treat e d  s amp le again s howed virtua l l y  only t h e  

t yramine spec trum with no addi t i onal p eaks be ing ob s erve d ,  

S ince t yramin� may have been · the degradat i on produ c t  

o f  t yr o s ine and hence t h i s  may have b e en t h e  a c t ive fac t or . 

A c t i v i t y  as say s were d e t e rmined for saturated s o lut ions o f  

pheny l i s othio c y anate , t yr o s ine and a so lut i on c omp o s ed o f  

chrom i um chloride ( 5  pg/ g )  and t yramine ( 2 . 5 3 x 1 0- 3 M )  t o  

de t e rmine whether a t yr amine-chr omium ( I I I ) s o lu t i on wa s 

act i v e . The p e r c entage e nhanc ement s  det e rmined are s hown 

in Tab l e  8 . 5 .  

TABLE 8 . 5 ACTIVITY OF TYROS INE , PHENYLIS OTHIOCYANATE AND 

A TYRAMINE - CHROMIUM ( I I I ) SOLUT I ON 

S ample Perc entage enhan c eme·nt 

Satur at e d  tyros ine s o l ut i on 

Satur a t e d  pheny l i s o t h i o c y anat e s o lut i on 

Chromium chlor i d e - t yramine s o lu t i o n  

+ 3 9  

- 5 9  

-8 , 0  



A l though t h e  s aturated t yr o s ine s o lut ion doe s s how s ome 

s l i ght a c t i vi t y , c lear ly none of the s e  s amp l e s  c an b e  the 

a c t i vating mat erial i n  the P - 4 free ze dr ied s amp l e . 

8 . 3 . 6 A c t i v i t y  cau s ed b y  ammo n i a  elution . 

1 7 2  

The e ffect o f  NH 4 0H on t h e  me asured b i o l o g i c a l  a c t iv i t y  

when u s e d  a s  t he e luent for cat i on exchange Dowex 5 0W-X l 2 

re s in wa s examined in t he fo l l owing three s y s t ems . 

( i )  The activi t i e s  were measured for two c hrom i um 

chloride s o lut ions each c ont aining around 1 0  �g/g chromi um , 

one o f  whi c h  had been bound t o  t h e  c at i on-ex change c o lumn 

and e l ut e d  with 0 . 2 5 M NH 4 0H . 

( i i )  The act i vi t i e s  were measured for a P - 3  s o l ut i on 

ob t ained from high-chromium y e a s t  extract w i t h  a chromium 

concentrat i on of 0 . 1 5 �g/g b e fore loading onto a Dowex S OW-Xl 2 

c o l umn and after e lut i o n  with 0 . 5  M NH 4 0H . 

( i i i )  A moderat e ly a c t i ve P - 3  samp le ob tained from 

h i gh- c hromium yea s t  e x trac t whi c h  ori gina l l y  c ontained 0 , 1 

�g/g o f  chromium was a l lowed t o  s tand for 5 months at a near 

neutral pH during whi c h  t ime t h e  chromium conc entr at i on was 

reduced t o  b e low d e t e c t i on l imit s ,  presumab l y  by the effe c t s  

o f  a lat i on . Thi s  s amp le wa s loaded onto a Dowex 5 0W-X1 2 

c o lumn and e luted w i t h  0 . 2 5 M NH 20H , again n o  chromium was 

de t e c t e d . A c t i vit i e s  were me a s ured b e fore and a ft er the 

NH 4 0H e lut i on . 

The act ivit i e s  ob t a ined in each o f  · the ab ove t hree 

e xp erimen t s ar e shown in Tab le 8 . 6 .  Add i t i on o f  d i lute 

NH 4 oH ( 0 . 2 5 M , O . l  c m3 ) in the s t andard as s ay after an inital 

increa s e  i n  t he manome t �r leve l probab ly due t o  the r e lea s e  

o f  NH 3 , c au s e d  almo s t  comp le t e  inhi b i t i on o f  c o2 produ c t i on , 

At t empt s  were made t o  determine the e ffe c t  o f  t he 

NH 4
+ i o n  on the fermentation rate  in the s t andard a s say . 

S ome incre a s e  in the c o2 pro duc t i on rate wa s ob s erve d  for 

a 0 . 0 4 8  M ( NH 4 ) 2P o 4 s amp le a s s ayed as de s c r ib e d  in s e c t i on 3 .  

The p e r c e ntage enhan cement re c orded for t h i s  s amp le was 

+ 5 4 % . Re s u l t s  rep or t e d  b y  M i r s ky e t  al ( 1 9 8 0 ) would sugg e s t  

t hough t hat elut ion w i t h  NH 4 + s al t s  d o e s  not  c a u s e  incre a s ed 

a c t ivi ty i n  e luted s amp l e s . 
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TABLE 8 . 6  A CTIVITY OF S AMPLE S BEFORE AND AFTER E LUTION WITH NH 4 0H 
\ 

Sampl e  

Chromi um chloride ( 1 0 pg/g ) 

Chromium chloride ( 1 0 pg/g ) 

P- 3 s amp le ( high-c hromi um yeas t 

extrac t , 0 . 15 �g/g )  

P- 3 s amp le ( hi gh-chromium y e a s t  

extrac t , 0 . 1 5 pg/ g )  

H i gh - chromium y e a s t  extract s amp le 

( moderate a c t i vi ty 0 . 1  pg/ g )  

Hi gh- chromium y e a s t  extrac t s amp le after 

5 mont h  period ( moderat e a c t i vi t y  Cr(0 . 0 4 pg/g )  

H i gh- c hromium y e a s t  extract  s amp le after 

5 month peri od ( moderat e a c t i v i t y  C r (0 , 0 4 �g/g ) 

P e r c en tage Per c en t age increase E luent NH4 0H 

e nhanc ement on· NH110H e lut io"n ' c oncentra t i on 

+ 9 

·. 
+ 3 2  + 2 5 5 0 , 2 5  M 

+ 2 6 6  

+ 4 7 5  + 7 9  0 , 5  M 

+111 

+ 7 7  

+ 3 1 3  + 3 0 3 0 , 2 5  M 

...... 
'-1 
w 
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8 . 3 . 7  A c t i v i t y  r e l at i ve t o  chromium c oncent rat i o n  and 

opt i c a l  dens i t y  throughout the pur i fi c at i on pro c edure . 

S in c e  the a c t i vi t y  app e ared t o  be s eparat e d  from the 

chromi um c omp lexes  on the ge l f i ltrat i on c o lumn �n each o f  

t h e  t hree samp le s  di s cus s ed i n  s e c t i on 8 . 2 . 1 ,  

t he a c t i vi t i e s for a P - 4  preparat ion were det ermined at 

suitab le p o int s t hroughout a t o t al prepara t i on , I n c luded 

here are i s o lat ion and pur i f i c at ion steps  d e s c r i b e d  in t h i s  

s e ct i on and in s e c t i on 4 .  The s e  p e r c entage enhan c ement s  

were c a l c u la t e d  a s  a fun c t i o n  o f  chromium and · o f  t h e  op t i ca l  

dens ity at 2 8 0  nm ( Table 8 . 7 ) . 

TABLE 8 . 7  ACTIVI TY OF P - 4 RE LATIVE TO CHROMIUM AND 

OPTI CAL DENS ITY ( A2 8 0 ) THROUGHOUT THE TOTAL 

PURI F I CATI ON PRO CEDURE . 

Purification 

step 

Merck high- chromi um 

yeast extract . 

E luti on from Dowex 5 0W-Xl 2  

o f  Peak I I  

E ffluent from Dowex l -X8 

c o lumn 

P- 4 peak 

Peak elut·e d  from 

Dowex 5 0W-X2 

S ephade x G- 1 5  s epara t ion 

Percentage 

enhancement 

+ 3 4 8  

+ 2 2 8  

+ 2 9 4 

+ 1 3 6 

+ 9 1 . 4 

* + 7 0  

=t · + 2 7 0  

Percentage # Percentage 

enhancement enhancement 

lOO pmoles 1 . 0  O . D. at 
Cr 280 nm 

+ 1 7 6  1 5 . 6  

+ 1 1 5  2 2 . 3  

+ 9 9  5 0 . 2  

+ 6 9  1 1 9  

+ 4 6  4 1  

* ' +  2 2  i 2 5  

N . B .  # t h i s  has  previ o u s l y  been defined a s  spe c i f i c  
a c t i v i t y  ( se c t i on 2 ) . 

* va lue s re fer t o  t he c hromium p e ak , 

i value s re fer t o  t h e  op t i cal dens i t y  p e ak 
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8 . 4 DISCUSS I ON 

Chromat o graphy o f  t he t hree c ho s en s amp l e s  ( a  P - 4 

1 7 5  

p e a k  prepared ffom high-c hromium y e a s t  extrac t , a P - 3  p e ak 

prepared from high- chr omium yeast  e xtract and a P - 3  p e ak 

prep ared from l ow-c hromium yeast extrac t )  on the Dowex 5 ow·-x2 

res u l t ed in a s eparat i o n  o f  t he c hr omium into  two p e ak s  in 

a l l  t hree s amp l e s . All t he c hromium loaded was a c c ount ed 

for in the peaks e lu t e d  from t he c o lumn for each s amp l e  

but a s  can b e  s e en from F i gure 7 . 1  a , b and c t he r e l at i v e  

amo un t s o f  b ound and unbound chromium are not t he s am e  for 

the s amples . There s eems to be no obvious reason for t h i s  

d i fference but  t he vari at i on in t he level s o f  extrane ous 

mat erial ( a s r e f l ec t ed b y  the A 2 8 0  values for the s amp le s )  

may b e  e ffe c t ing t he b in d ing o f  the chromium c omp le x e s . 

Tab l e  8 . 1  s how s t h e  act iv i t i e s  det e rmined for t h e  

t w o  peaks obt ained from e a c h  o f  t he three s amp l e s  ( where ver 

c hr omium leve l s  a l l owed ) .  The important o b s ervat i o n  i s  

that t he a c t i v i t y  r emains a s s o c iat ed with t he b ound c hromium 

fra c t i on .  Where mea s urement s were p o s s ib l e , the unbound 

peaks show l ow A 2 8 0  value s , w e l l  w i t hin the l imit s d e s c r ibed 

in s e c t i on 3 b u t  a l sb s how low enhanc ement value s in the 

a c t i v i ty a s s ay . The d i s appoint ing feature o f  t he b ou nd 

frac t i ons was the marke d l y  inc reas ed A 2 8 0  values whi c h  c as t s  

s ome d oub t on t he or i gin o f  the enhancement i n  the rat e o f  

co 2 produc t i on a s say . 

Figure 8 . 2 a shows the r e su l t s o f  gel  f i ltrat i on 

chromat ography c arried o u t  on e a c h  o f  the t hree b ound frac t ­

ions after fre e z e  drying . The unex p e c ted feature for e a c h  

s amp l e  i s  t h e  fa c t  t hat t he act i v i t y  profi l e  peak and t he 

chromium peak d o  not c o i n c i de . Thi s  i s  the fir s t  p i e c e  o f  
informat i on whi c h  s ugge s t s  that t he chromium c omp lexe s  

i s o l a t ed from the y ea s t  e xtrac t s  are not t he maj or c a u s e  

o f  t h e  measured a c t i v i t y . The a c t ivity  prof i l e s  f o r  e a c h  

o f  the three s amp l e s  after g e l  f i l t rat ion a r e  ·qu i t e  d i s s imi lar 

and in each c a s e  the h i ghe st . a c t i v i t y  doe s not c orre s p ond 

e i t her to the c onduc t i v i t y  peak o r  to the o p t i c a l  den s i t y  

p eak . The c o n s i de rab l y  l ower value o f  the enhanc ement for 

P - 3  i s o lat ed from low- c hromium y e a s t  e xtra c t  again c on firmed 

the general l y  l ower act i v i ty o f  mat erial i s o lat e d  from t h i s  
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yeast  extract  s o ur c e . For t h e  P - 3  and P-4 fra c t i on s  i s o la t e d  

from hi gh- chromium y e a s t  e x t ract , al though t h e  o b s e rved 

ac t i vi t y  does not  dire c t l y  c o rrespond with the opt i c a l  den s ­

i t y  leve l at 2 8 0  nm , the higher a c t i vity ob s erved for P - 4 

s amp l e s  was acc omp anied b y  a higher op t i c a l  den s i ty leve l , 

The sugge s t i on that the chromium c omp l e x e s  c ontained 

in the a c t ive fra c t ions i s o l a t ed from yea s t  extract are n o t  

t h e  c a u s e  of t h e  me a s ured a c t ivity i s  further r e in for c e d  

b y  the dat a shown in Tab l e  8 . 7  where for t h e  P - 4 s amp l e  t h e  

perc e nt age enhan c ement per 1 0 0  pmo le s  o f  c hromium de c l ine s 

throughout the i s o lat ion and puri fi c at i on proc edure . On 

the other hand the per c entage enhancement o b s erved re lat ive 

t o  the op t i c al den s i t y at 2 8 0  nm shows a max imum value aft e r  

t h e  i so lat ion o f  the P - 4 frac t i on from t h e  Dowex 5 0W-Xl2 

c o l umn . I f  indeed a di s c re t e  chromium comp le x  were invo lved 

in t he s e  i s olat i on and puri f i c at i on proc edure s then an 

increas e  or at l e a s t  a c on s t an t  leve l of perc entage enhan c e ­

ment r e l a t ive t o  t he chromium leve l would b e  expe c ted 

t hroughout the p r o c edure . On the o t her hand the perc entage 

enhanc ement relat ive t o  opt i c a l  den s it y  at 2 8 0  nm would b e  

e xp e c te d  t o  decre a s e .  throughout the procedur e , 

Character i s at ion work was c arried out pred ominan t l y  

o n  t he h i ghest ac t i ve fra c t i o n  from P - 4  s in c e  t hi s was mo s t  

free o f  s a lt s . The data from Tab le 8 . 2  c le a r l y  s how t h e  

act i vi t y  t o  b e  l o s t  on ashing and h e n c e  t h e  a c t ive mat er i a l  

i s  l ike l y  t o  be organ i c  o r  a t  leas t d e s troyed at t emperat ure s 

o f  6 0 0 ° C .  The data in the t e xt s how that o n  fre e ze dry ing 

8 6 %  o f  the a c t i v i t y  wa s r e t ained , thi s value b e ing j u s t  

out s ide t h e  error limi t s  o f  1 0 %  whi c h  could have b een c on s i s t ­

ent w i t h  c omp l e t e  re tent i on o f  a c t ivity . 

The ultra- v i o l e t  and v i s ib le ab s orpt i on s p e c t ra o f  

the s amp le obtained after fre e ze drying s howed s imilari t i e s 

t o  the s p e ctrum for pheno l ,  p ar t i c u la r ly in· treatment with 

NaOH . A l t hough the infra-red spe c t rum i s  s omewhat d i ffi c u l t  

t o  int e rpret there i s  s ome e viden c e  for t h e  pr e s enc e o f  a 
. 

6 -l C-N bond , part i c u l ar ly the frequen c i e s  at 5 0 and 5l0 cm . 

The c omb inat i on o f  mas s  spe c t ro s c op y  and nmr spe c tro s c op y  

le ave n o  d oub t t hat the maj o r  component o f  P - 4 i s  t yramine , 

- T_b_� rno-l e c.u lar i on Pce.ak at 1 3 7  was c omput er m at c hed t o  the 
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formu l a  c 8H 1 1No whi ch on the bas i s  o f  the ab sorp t i on 

s p e ctrop ho t ometr i c  re s u l t s  mus t  c ontain the HO-C 6 H 4 - group . 
' 1 1 3  The nmr sp e c t ra , for b o t h  H and C shows the pre s en c e  o f  

t wo me t h y l ene group s att ached para t o  the pheno l i c -OH group 

whi ch l eave s an NH2 gro up una c c ounted for . Hen c e  i t  c an 

b e  c on c lu d e d  that t h e  mat e r i a l  i s  p-hydroxyphenyl e t h yl amine 

i . e .  tyramine . The me lting p o in t  of the s amp le c on f i rmed 

thi s i dent i f i c at i on as did c ompar i s on wi t h  authent i c  spe c t ra 

for t yramine ( Fi gure 8 . 5  a ,  b and c ) . The ab s en c e  o f  any 

e x traneous peaks in the 1 3 c s p e c t rum for the P - 4 s amp le 

s hows t hat it is s ub s t ant i a l l y  free from c arb on c on t a ining 

imp urit ies . 

I t  i s  of intere s t  t o  n o t e  that tyramine wou l d  b e  

e xp e c t e d  t o  b ehave l i ke P - 3  a n d  P - 4  o n  i on e x c hange c hroma­

t ography s i n c e  at pH 3 . 5  it wi l l  be p o s i t ively  c harged and 

hen c e  wi l l  b ind to Dowex 5 0  i on e x change re s in s  where a s  at 

pH 8 . 0 it w i l l  b e  neutral s i n c e  t he pKa of the -OH group in 

tyramine w i l l  be app roximat e ly 9 . 0 .  

The p er c entage enhan c emen t  values shown ' i n  Tab l e  8 , 4 

c le arly show however that o ve r  the range o f  t yramine-HC l 

c o ncentra t i on s  determined ( 4 . 2 3 x 1 0-2 M t o  2 . 8 x l o
-4 M )  

t y r amine s hows n o  a c t ivity . A s  t hi s  range o f  c on c entrat i on s  

e n c ompas s ed the l i k e l y  t yramine c on c entrat i on for t he P-4 

s amp le it app ears that the ob s erved a c t i v i t y  i s ·  not due to 

t yramine -H C l . At the p H  o f  5 . 7 5  at whi c h  t he s t andard 

a s s ay is c onduc t e d  t yramine - H C l  wou
.
l d  exi s t  primari l y  as 

the unp ro t onated amine and hen c e  i t s  predominant form wou l d  

b e  t hat o f  the fr ee t yramine foun d  i n  the P - 4 s amp l e . The 

mas s  s p e c trum run on P- 3 ( Fi gure 8 . 3b )  shows t hat t yramine 

i s  a l s o  the maj or organ i c  c omp one nt of th i s  fra c t i on but 

s in c e  tyramine i t s e l f  i s  ina c t ive there mu s t  b e  s ome ot her 

as y e t  uni dentified mat er i a l  in b oth P-3 and P -4 whi c h  g iv e s  

r i s e  t o  the o b s erved a c t ivit y . 

The d i ffi c u l t y  o f  de t ermin ing the c hemi c a l  c omp o s i t i on 

o f  an unident i fied a c t ive mat e r i a l  in a s amp l e  o f  only a 

few mi l l igrams whi ch i s  prob ab ly up t o  9 W %  · tyramine i s  very 

gre a t . Chara c t eri s a t i on under t h e s e  c ir c um s t an c e s  s e emed 

p o s s ib l e  only from the mas s  s p e c t ra l  data but the o n l y  

furt her p o s s ib i li t y  s ugge st e d  w a s  t h e  unl i ke l y  mat er i a l , 

pheny l i s o t h i o cyanate whi ch wa s c omputer mat ched t o  t h e  



unknown 1 3 5  mas s / charge p e ak . A c t i vity ana ly s i s  o f  t h i s  

along w i t h  tyro �ine an amino a c i d  o f  whi c h  t yr amine wa s a 

pos s ib le . degradat ion product again revealed n o  a c t iv i t y  

whi c h  would c orre spond t o  t h e  enhanc ement s een f o r  P- 4 . 

8 . 4 . 1  A c t i vi t y  caused b y  ammon i a  e l ution . 
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The r e s u l t s in Tab le 8 . 6  s how that e lu t i on from a 

Dowex 5 0W-Xl2 c o l umn u s ing NH4 0H p roduce s s amp l e s  with 

incre a s ed act i v i ty . The increase  i n  perc entage enhan c ement 

o f  a c hromium chloride s amp le a ft er ammonia e lu t i on is only 

marginal and may not b e  a s igni fi cant re s u l t , The other 

incre a s e s ob s erved however are qui t e  maj or · w i t h  a P-3 s amp le 

c ontaining 0 . 1 5 yg/g Cr having i t ' s  perc entage enhan c ement 

increa s ed from + 2 6 6  to + 4 7 5 .  Thi s i ncrea s e  in a c t ivi t y  was 

shown not  t o  b e  dependent on chromium by the re sult s given 

in Tab le 8 . 6 .  Here a mod erat e ly a c t ive s amp l e  from whi c h  

a l l  t h e  chromium had b een removed ( wi thin d e t e c t i on l im i t s ) 

pre s umab ly b y  alat ion showed a s l i ght ly l e s s er degree o f  

ac t iv i t y  aft er s t anding for t h e  5 month per i o d , Thi s  samp le 

though wa s s t i l l modera t e ly act ive ( +111 p e r c entage enhanc e ­

ment ) .  On e l u t i on from a Dowex 5 0W-Xl 2 c o l umn with NH4 0H 

however the o b s erved enhan c ement i n c reas ed c on si derab ly ,  

No c hromium was det e c t ed i n  the e lu t ed samp le . · Taken c o l l e c t ­

ive l y  t h e s e  re sult s c learly ind i c at e  that ammon ia e lu t i on 

from a Dowex 5 0W-Xl2  c o lumn c au s e s  i ncreas e s  in a c t iv i t y  

b o t h  w i t h  and wi thout t h e  pre s en c e  . o f  chr omium , The s·e 

re s ul t s  a l s o  s how that t he act ivi t y  measur e d  from i solated 

high-chromium yeast  extrac t fra c t i on s  such a s  the one u s ed 

here may not b e  a s s o c i a t e d  with a c hromium c omp lex a t  all 

b ut may b e  as s o c iated w i t h  o ther mat e rial i s o la t e d  w i t h  the 

chrom i um fra c t i on . Thi s  mat erial , i n  some way a s  yet unspe c ­

i f i e d , increas e s  the p e r c entage enhan c ement i n  the rat e o f  

co2 e va lut i on when treat e d  with NH 4 0H . 

S imi l ar r e s ul t s  t o  t ho s e  d e s c ribed here wer e found 

by K umpulainen et al ( 1 9 7 9 ) . U s ing the a s s ay s y s t em de s cr ib e d  

b y  Ander s on e t  a l  ( 1 9 7  8 )  t he,s e workers me a sured t he a c t ivit y 

o f  e x t rac t s  from a range o f  b i o logi c ally a c t ive mat e r i a l s  

inc luding brewer ' s  y e a s t  and b ovine liver . T h e  b i o l o g i c a l  

a c t i v i t y  o f  5 0 %  e than o l  and 0 . 1  M NH 4 0H extrac t s  o f  t he 

samp l e s  was c omp �red . I n  a l l  c a s e s  the a c t ivity d e t ermined 
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fr om the 0 . 1  M NH 4 o H  extract was greater than the 5 0 %  

ethano l extract  and for the 2 brewer ' s  yeast s amp l e s  a s sayed 
the per c en t age ip creases  were 95%  and 8 1 % . The s e  val u e s  

c orres pond t o  t h e  incre a s e s  ob s erved i n  Tab l e  8 . 6  for t he 
yeast ext r ac t s  o f  7 9 %  and 3 0 6 % . Hence in both ·a s s ay �y� t em s  

NH 4 0H e it her b y  extrac t i on o r  by e lut ion s eems t o  have a 

very re a l  e ffe c t  an the measured b i o logi c a l  ac t i vi t y  o f  the 

s ample . 

I n  c onclus i on it app ears that there i s  s ome mat er ial 

present in the fra c t i ons i s o la t ed from P-3 and P - 4 whi c h  i s  

c ausing t h e  a c t i v i t y  in the yeast  fermentat i on a s s ay ,  but 

t hi s mat er i a l  d o e s  not cont a in chromium . There · i s  a l s o  an · 

important int erac t i on between t hi s  mat erial and NH 4 oH whi c h  

i s  not pre s ent ly underst ood b u t  i t  s e ems s i gni f i c ant t hat 

for all r eported GTF frac t i on s , other than tho s e  s tudied in 

thi s the s i s ,  NH 4 0H has been u s e d  at s ome s t age in the prepar� 

ation . Th i s  inc lude s as w e l l  t he prepara t i on d e s c ribed by 

Toep fer et a l  ( 1 9 7 7 )  for the s ynthe s i s  o f  b i o l og i c a l ly act ive 

c hromium c omp lexe s .  Th i s  a c t ivity d o e s  not s e em t o  b e  due 
+ . . 

s imp ly t o  the pre s en c e  o f  NH 4 0 H  or NH 4 i ons s i n c e  t he per-

c entage e nhan c ement s so  far d e t ermined for t he s e  c anno t  

a c c ount for t h e  ob s erved a c t ivity o f  t he act ive s amp l e s . 

Current ly t hen t he iden t i t y  o f  the act ive factor 

( whi ch may b e  GTF ) is  c omp l e t e ly unknown and r e q u i r e s  a 

further s t udy b e fo re any c omment ab out it s , ident i t y  can b e  

made . I t  would b e  well t o  repeat t h i s  work in a laboratory 

with ac c e s s  to one of the o t her b ioas s ays in order t o  s e e  

whe ther t he re sult s obtain e d  here a r e  general or o n l y  app ly 

to the y e a s t  ferment at i on a s s ay . In t he author ' s  view i t  

i s  l i ke ly t hat t h e  r e su l t s  o b t a ined in thi s t he s i s  do app ly 

generally and there fore c hromium doe s not have any b ene f i c i a l  

e ffec t s  o r  importanc e in gluc o s e  m et abol i sm and d iab e t e s .  
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SECTI ON 9 

SUMMARY AND C ONCLUS I ONS DRAWN AS TO THE I DENTI TY OF THE 

G LU COSE TOLERAN CE FACTOR . 

1 8 0  

I n  t h e  2 4  year s s ince t h e  prop o sa l  for the e x i s t en ce 

o f  t he gluc o s e  t o leran c e  fac t or was firs t made , progr e s s  

in t he fi e l d  h a s  b een s l ow .  Very l i t t le more informa t i on 

ab out the chemi c a l  c bmp o s i t ion o f  the prop o s ed fac t or i s  

known now t han was known in 1 9 5 7 . Rap id d e ve lopmen t  in 

t h i s  fie l d  has been hindered , among other things , b y  the 

l a c k  of an a s s ay s y s t em capab le of measur ing t rue glu c o s e  

t o le ran ce fa c t or a c t i v i t y  for a l arge numb er o f  s amp le s . 

C l e arly as s ay s  b a s e d  on the de fined fun c t i o n  o f  GTF ( the 

re s t orat i on of impaired gluc o s e  r emoval rat e s  in rat s )  woul d  

b e  most r e s tri c t i v e  w i t h  re gard t o  t h e  t o tal . numb er o f  

s amp l e s  whi ch c ould b e  r outinely t e s te d . 

I n  the early s t age s of the work undert aken i n  t h i s  

t he s i s  an a c t iv i t y  as s ay wa s n o t  availab le , hen c e  t he 

d i r e c t ion o f  the work wa s aime d a t  i s o lat ing , pur i fy ing and 

c haracter i s ing the maj or chromium fract ions a s s o c i at e d  wi t h  

who l e  yeast ce l l s . The prob lems a s s o c iate d  wit h d e t e c t ing 

t h e  very l o w  natural levels o f  c hromium in brewer t s  y e a s t  

proved an in s urmountable ob s t ac l e  t o  attemp t s  t o  devi s e  

an i s olat i on p r o c e dure for the var i o u s  po s s i b le c hromium 

c omp lexe s ,  s in c e  only the maj or fr a c t i ons c ould be det e c t � d  

at a l l . Ye a s t  was grown on a chrorr:dum- 5 1 - c ontaining me d i um 

in an attemp t  t o  l ab e l  t he chrom i um c omplexe s in t h e  yea s t  I 

s o  t hat even small amount s o f  t h e s e  c ompoun d s  c ou l d  b e  

montt ored dur ing t h� dev� lopme�t o f  p ur i f i c at � on pre c e dure s . 

The me dium was al s o  s upp lemented w i t h  chromium chloride in 

order to try t o  incre a s e  the amount s o f  a l l  the chromium­

c ont aining fra c t ions in the y e a s t . S upp lementation prove d  

t o  b e  part i a l ly s uc c e s s ful in increas ing t he leve l s  o f  

c hromi um whi c h  c ould b e  extra c t e d  from t h e  yeast . T h i s  

enab led an ani o n i c  c omp lex from the yeast , t o  b e  i s o la t e d  

purified and ident i fi e d  as a · chr omium-gluc o s e  c omp lex produ­

c e d  by interac t i on o f  c hromium with the growth medi um . 
-� 

Wi th the advent o f  a t e s t e d  a s s ay s y s t em provi d e d  

b y  Profe s s or Z v i  Dor i , f o r  gluc o s e  t o leranc e  fac t or a c t i v i t y  
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the s creening o f  a large numb er o f  s amp l e s  for a c t i v i t y  

b e came p o s s ib le and w i t h  the ava i l ab i lity o f  M e r c k  y e a s t 

e xt r a c t , with a . re lat i ve ly high nat ural c hromium c ontent , 

i s o la t ion and p ar t ial pur i f i c at i on o f  chromium c omp le x e s  

b e c ame a pos s ib i l i t y . The c omme r c i a l  ye a s t  extrac t e n sure d  

the s o lubi l i z at ion o f  a l l  t he chromi um c omp lexe s i n  ye a s t , 

whi c h  overcame one of the main prob l ems inherent in u s in g  

who le y e a s t  c e l l s , s in c e  when the s e  were e x t r a c ted , varying 

perc ent age e x t ra c t ions were achi eved , but never gre a t er 

t han 5 5 % .  

Having a c c e s s  t o  a suitab l e  a s say s y s t em and a c on­

veni ent , c ommer c i ally avai lab le s t art ing mate r i a l  enab l e d  

t h e  s y s t emat i c  i s o la t i on o f  all the c hromium fra c t i o n s  in 

the y e a s t  e xtra c t . The e le ven fra c t i on s  obt ained are de s ­

c r i b e d  in t erms o f  their i onic char a c ter i s t i c s  on ion­

exchange c o � umns under the e lution c ondi t i on s  u s e d , Thei r  

a c t iv i t y  was d e t e rmined from t he s t andard a s s a y  in whi c h  

the i ncrea s ed r a t e  o f  c o2 produc t i on for a n  a c t ive s amp le 

was c ompared with the rat e of co2 produc t i o n  for a pho s phate 

buffer c ontro l  during ferme nt a t i on under · anaerob i c  c ondi t i on s , 

On t h e  b a s i s  o f  t h i �  i s o lation s c heme s everal important 

c on c l u s ions emerge : 

( 1 ) There are a large numb er o f  chromium fra c t i on s  

wi th a d iver s e  range o f  i on i c  forms i s olatab l e  from y e a s t  

( e le ven fra c t ion s in t ot a l ; 3 an i oni c ,  4 c at i oni c , 4 ampho t ­

eri c and at l e a s t  1 neutra l ly char�ed whi c h  was not i so l at e d )  , 

' ( 2 )  The cati on i c  fra c t i ons were a l l  a c ti ve t o  varying 

de gre e s  while t h e  amphote ri c and anionic fra c t i ons show 

low a c t i vi t i e s  ( wi th t h e  p o s s i b le e x c ep t i on o f  the moderate 

a c t i v i t y  shown by the N- 2 fra c t i on ) . 

( 3 ) Al l  frac t ions were s t i l l  a s soc i at e d  with qui t e  

h i gh l e ve l s  o f . e x traneous mat eri a l  a s  indi c a t e d  b y  t h e  

gene r a l l y  y e l l ow app e aran c e  of mo s t  o f  the fra c t i ons and 

the moderately h igh op t i ca l  den s i t y  leve l s  at 2 8 0  nm for 

a l l  fra c tions . C le ar ly further p ur i fi c a t i on was requ i r e d  

b e for e a meaningful c hemi c ai char a c t e ri sa t i o n  c ou l d  b e  

attemp t e d . 

The i s o l a t i on s ch eme enab led t he origin o f  t h e  var i o us· 

i s o l a t e d  chromi um fra c t i on s  t o  b e  i nve st i gated . From a 



c ompar i s on o f  the fra c t i on s  i s o lated from s upp lemen t e d  

me dium , s��nt s upp l ement ed me d i um and e xt rac t ed y e a s t  i t  
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i s  appar ent that mo s t  o f  t h e  i s olated -c omp l e x e s  are produ c t s  

o f  rea c t i on wi th e i ther the me d ium or e lu t i on re agent s ,  

The s e  findings sugge s t ed t hre e important criteria t o  b e  

ful fi l le d  b e fore any c omp le x  c an b e  c ons idered a s  a t rue 

gluc o s e  t o l erance fac tor . The s e  ar e : 

( 1 )  the i s o la t e d  fr ac t i on mus t  not be a produ c t  o f  
react i on with the me di um o r  e lu t ion r eagent s .  

( 2 ) the fra c t i on mu st b e  retained b y  the y e a s t , 

( 3 ) The fra c t i on mu s t  show a c t i v i t y  in the s t andard 

y e a s t  a s s ay . 

On the b a s i s  of t he s e  cri t eria only one fra c t i on , P - 3 , 

emerge s a s  a poten t i al c andidat e for i dent i fi c at i on with 

the gluc o s e  to leran c e  fac t or . Frac t i on P - 4 s at i s fi e s  the 

first and t hird � r i t e ri a ,  but  doe s not  me e t  the s e c ond s in c e  

i t  doe s n o t  appear t o  be ret ained b y  the y e a s t . Th e s e  two 

fra c t i on s  were the only one s which warranted further pur if i ­

c a t ion and inve s t i ga t i on , 

Vari ous rep or t s have appeared c oncerning ' t h e  a c t i v i t y  

o f  c hromium- c ontaining fra c t i on s  i s o la t e d  from var i ous- b i o ­

logical materials  o f  nutr i t i onal importan c e . To inve s t igat e 

a range o f  the s e  b y  t h e  s i x c o l umn pro cedur e de s cr ibed in 

s e c t i on 4 would c le ar l y  have proved to b e  very t ime c o n s uming , 

The short i s o la t i on p r o c e dure d e s crib ed in s e ct i on 6 wa s -

there fore u s ed and enab le d  the rap i d  i s o lat i on o f  c at i on i c 

fra c t i on s from a r ange o f  b i o lo g i c a l  mat er i a l s  t o  b e  achi eved . 

A wide range o f  c at ioni c fra c t i on s  are obtained from the 

mat eri a l s  c ho s en a l l  with di fferent e lut i on pro fi le s . Thi s­

indicate s t hat the c at i oni c chromium c omp le x e s  in the d i ff� 

erent b i o l ogical mat e r i a l s  are not the s ame . Th i s  is  mos-t 

apparent fo� the s amp l e s  showing the highe s t  a c t ivi t i e s  

s in c e  pork kidney p o wder and P - 3  ( fr om the h i gh chromium 

y e a s t  ex tract ) are e lu t e d  at quite  d i fferent p o s i t t on s-

fr om the c a t i on-ex c h ange c o l umn . I t  i s  there fore app arent 

that the gluc o s e  t o l e ran c e  fac t or a c t i vi t y  at l e a s t  as 

de�ermine d  by the y e a s t  a s s ay d oe s  not r e s u l t  from a s ingle 

c hromi um- c ontaining spe c i e s . 
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S i n c e  b rewer ' s  y e a s t  i s  s upposedly the b es t  sourc e  

o f  GTF i t  i s  reas onab l e  t o  as s ume that i t  would p lay s o�e 

importan t  r o l e  �ri the y e a s t ' s  b i o c hemi s t ry or gr owth . 

C on s equent ly i t  would b e  expec t e d  that s ome chromium c omp lex 

wou l d  be found to b e  an int e gral p art o f  the yeast c e l l . 

However c ompar i s on o f  t h e  leve l s  o f  cat i on i c  chromium 

i s o lated fr om high-c hr omium y e a s t  extrac t , low-chrom i um 

y e a s t  extra c t  ( which were s im i l ar ) , and t h e  very low amount 

found in the chromium- 5 1  yeas t s y s tem u s e d  in s e c t i on 5 
mi t i gate against the i de a  t hat a c at i on i c  c hrom i um c omp le x  

i s  n e c e s s ar y  for t h e  n ormal metab o l i sm o f  gluco s e  b y  y ea s t  

or for y e a s t  growth . 

Re s u l t s  from pre- incub at i ons of chrom i um chlor i de 

and y e a s t  in t he var i o u s  me dia and b uffer s o luti ons i ndi cat e 

that y e a s t  i s  not ab le t o  form any b io l o g i c a l  c omplexes  from 

c hr omium c h l or ide during i t s  growth pha s e  whi c h · are c apab le 

o f  i ncrea s ing i t s  ferment a t i on rate ( at l e a s t  over the 4 8  

hour pre -in c ub ation p e r i o d  u s ed ) . Howeve r  pre-incub a t i on 

o f  y e a s t  i n  a medium containing y e a s t  extra c t  doe s show an 

� n c re as e d  fermentat i on rate . Thi s  enhanc ement i s  s im i lar 

t o  that ob served wh�n P - 3 i s  add e d  to the y e a s t  fermentat i on 

a s s a y  in phos phat e b u f fe r  wi t hout any p r e - i n c ub a t i on , On 

t h e  ba s i s  of these re s u lt s it i s  unlikely t hat the enhance­

ment c an be  due  t o  the pre s en c e  of  chromium c omp lex e s , I n  

fac t during the i s olation o f  P - 3  from · crude y e a s t  e x t ra c t  
. 

the a c t i v i t y  r elat i ve t o  a fixed amount o f  c hromium a c tua l l y  

de c line s . 

During the cour s e  o f  t h i s work the y e a s t  u s e d  i n  the 

s t andard a s s ay wa s rendered chromi um de f i c i ent t hrough 2 0  

t o  3 0  growt h c y c l e s  b y  t he met ho d s  de s c r i b e d  in s e c t i on 

3 . 2 . 2 .  Thi s  yeast , however , s t i l l  surviv e d  and grew a t  

apparent ly the .s ame r a t e  for t h e  l ast a s s ay growth a s  for 

the firs t .  Thi s  aga in shows t hat chromi um doe s not p lay 

an e s s e n t i a l  role in t h e  met a b o l i sm and growth of y ea s t  

and t hu s  c an b e  o f  li t t le s i gni f i c ance t o  i t . 

The r e s ults  report e d  in s e c t i on 8 c le ar l y  s upp ort 

th i s  con c l u s i on s ince on further p ur i fi c at i on of P - 3 , the 

fa c t or whi c h  c auses  the a c t i v i t y  i n  the y e a s t  a s say was 

found not t o  c ontain chromium . Un fortunat e l y  the i d e nt i t y  
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of the material whi c h  doe s c ause  t he act ivity  r emains 

comp le t e ly unknown . Obv i o u s l y  more work n e e d s  t o  b e  done 

to c ol l e c t  and �dent i fy the true a c t ive fac t or rather than 

inac t ive chromium c omp lex e s . 

A consid era t i on throughout thi s work i s  the que s t i on 

of whe t her t he y e a s t  a s say i s  in fact mea suring the s ame 

act i v i t y  as do t he other reported a s says s u c h  a s  the rat 

fat pad a s s ay . However a good indi c at ion that the two 

a s s ay s y s tems d o  in fac t mea s ure the same a c t i v i t y  i s  pro­

vided b y  the c l o s e  corr e la t i on b etween the r e s u l t s pub l i shed 

by Toep fer e t  al and tho s e  demons trated here o n  what ar e 

apparent ly s imi lar b i ologi c a l  mat e ri a l s . 

A lthough i t  mus t  b e  c onceded t hat the in vitro rat 

fat p ad and i s o la t e d  adip o c y t e  a s say s mi ght r e s p ond in 

differ ent way s t o  the chromium c omp le x e s  i s o la t e d  in t h i s  

the s i s , in view o f  t h e  p r e c eding d i s c u s s ion ·i t would s eem 

unl i ke l y  that mat er ial whi ch show s every evidence of b e ing 

inc idental t o  the yeast , c ou l d  be r e l at ed to t h e  gluc o s e  

t o leran c e  fac t o r . However P - 3  and P � 4 should b e  te s t e d  i n  

a lab oratory wh i ch ha s t h e  fac i l i t y  t o  perform . t h e s e  a s s ay s . 

Also the mat eri a l  ob tained from p ork kidney p owd er ( a s  

de s cr i b e d  i n  s e c t i on 7 )  should b e  s ub j e c t e d  t o  further 

inve s t i gat ion . 

The re s u l t s  obtaine d in the pre sent work do support 

the e x i s t ence of a fac t or whi c h  c an b e  i s olat e d  from y·e a s t  

extrac t and whi c h  i s  c ap ab l e  o f  incr e a s ing t he fermentat i on 

rat e o f  y e a s t  under anaerob i c  c ond i t i ons . Thi s fac t or has  

s everal propert i e s  in  common with t he supp o s ed gluc o s e  

to leran c e  fac t o r  defined b y  S c hwar z and Mert z ( l 9 5 7 ) , Both 

fac t o r s  are  i s o la t e d  from yeast  or y east e x t r a c t  and b o t h  

fac t o r s  are cat i on i c . The s e  s imi l ar it i e s  ra i s e  t h e  p o s s ib ­

i l i t y  t hat the t w o  fac t or s  are iden t i cal . The one apparent 

point of d i s agreement is the fac t  that the a c t ive fa c t or 

i so lat e d  here c l early doe s not contain a chromium a t om , 

The s ugge s t i on that the gluc o s e  t o leranc e fact or do e s  not  

contain a chromium atom mus t b e  e x amined in t he l i ght o f  

previo u s l y  p ub l i s hed l i t erature . 

To date a l l  e ffe c t s  d e s c r i b e d  for GTF p repara t ions 

from y e a s t  e xt r a c t  could e qu a l ly well  b e  c on s i s t ent with 
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the ex i s t e n c e  o f  a non- chromium c ont aining fac t or . S in c e  

n o  preparat i on o f  GTF produced t hu s  far i s  a pure chromium 

c omp l ex , extrane ous mat erial mus t  obviou s l y · b e p re s ent and 

c ou l d  ac c ount for the e ffe c t s  now c ommon ly a s c r i b e d  t o  

c hromium . I t  i s  within this  extraneous mat erial  that the 

g l u c o s e  t o le rance fac t or i s  probably located . 

The e ff e c t s  a t t r ibuted t o  supp lementat i on o f  c hromium 

( I I I ) salt s mus t  b e  c r i t i c a l ly examined . Where human 

pat i ent s with d i s orde r s  invo lving hypergly c emia have b e e n  

t r e a t e d  with ei ther short o r  l ong t erm s upp l ement a t i on o f  

c hromium s a l t s , wide ly c on fl i c t ing result s have b e en ob t aine d . 

S ome res earchers have r eported re sult s o f  doub t fu l  s ign i f i ­

c an c e  showing improveme nt i n  a hypergly c em i c  c ondit io n  

( Hopkins e t  a l  ( 1 9 6 8 ) , Levine e t  al ( 1 9 6 8 ) )  whi le others 

have repor t e d  the e ffe c t  o f  chromium supp l ement at i on on 

s u c h  a c ond i t i on to b e  n i l  ( Cart er et al ( 1 9 6 8 ) , S herman 

e t  a l  ( 1 9 6 8 ) ) .  Certainly at thi s po int in t ime no r e s ear­

c her has b een ab l e  to prop o s e  unequivo c a l l y  t hat c hromium 

s up p lementat ion i s  c ap ab le o f  c a u s ing improvement in a 

hype rgly c em i c  condi t i on in human s . 

Mu ch o f  the e v i d ence supp ort ing t h e  invo lvement o f  

c hromium i n  t he g luc o s e  t o le ran ce factor h a s  ari s en fr om 

s upplement a t i on o f  chr omium s a l t s on rat s fed· a low- c hr omium 

d i e t  o f  Amer i c an Torula yeast . A consi s t en t  r e s u l t  obt a ine d 

b y  workers u s ing thi s proc edure ha§ been that the impa ir ed 

glucose  removal rate o f  rat s ha s been re s tored t o  norma l  

b y  chromium ( I I I ) s upp l ement at i on ( Mert z and S chwa r z  (� 9 5 9 ) 

Mer t z  e t  a l  ( 1 9 6 5 ) ) .  I n  a l l  c as e s  however ,  the gluc o s e  

r emoval r at e s  have b e e n  c al c u l at ed in t e rms o f  t h e  r e du c t i on 

o f  exce s s  b l ood gluc o s e  ( t o t a l  b lood glu c o s e  - fas t ing b lo o d  

g l u c o s e ) r ather t han the more a c c epted me thod o f  m e a s ur ing 

t he reduc t i on in the t otal b lo o d  gluco s e . Woo l l i s c r o ft and 

Barb o sa ( 19 7 7 )  have c h a llenged the resu l t s  obt a in e d  by the 

r e s earc her s u s ing the r educ t i on o f  exc e s s  b lood gluco s e  

method and furt her s ta t e  th�t d i fference s ob s erved i n  

g lu c o s e  removal rat e s  from s u c h  c a l cula t i on s  m a y  r e sult 

from a me t hodologi c a l  art i fac t . 

Furt her contrad i c t ion has ari sen from a report 

p ub l i shed by Gub ler et al ( 1 9 7 5 ) in whi c h  t hey have ob s erved 
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t hat rat s grown on t he c hromium- d e f i c ient · di e t o f  Torula 

y e a s t  whi le b e c oming chromium de fi c i ent do not dev e l op t he 
� 

s ymp t om �e s crib �d by S c hwar z and Mert z ( 1 9 5 7 ) o f  an impaired 

gluc o s e  removal rate . ( The me thod o f  det e�minat i on o f  t he 

gluc o s e  removal rate was not s t a t e d . )  

Taken c o l le c t i ve ly t he s e  re s u l t s  mus t  c a s t  ext reme 

doub t  f ir s t ly , a s  to whe t her c hromium i s  involved w i t h  t he 

GTF a s  defined b y  S c hwarz and Mer t z ( 19 5 7 ) , and s e c ondly , 

a s  t o  whet her t h e  fac t or e x i s t s  at a l l . 

In conc lu s i on the re su l t s  reported in t h i s  t he s i s  

c lear ly indi cat e t hat chromium has n o  b i o l og i c a l  s ignifian c e  

in y e as t . There i s  howe ver an un identified non-chromium 

c ont aining fac t or in y e a s t  capab le o f  cau s ing an i n c r e a s e d  

ferment ation rate  in yea s t . A s  the previ ous work c onduc t e d  

o n  the e ffe c t s  o f  chromium sal t s  i s  b a s e d  o n  s omewhat shaky 

exper imental e vi dence and t he work under t aken in t h i s  t he s i s  

has s hown s ever a l  dire c t  c orr e lat i on s  o f  the yeast  a s s ay 

with o t her alt e rnat ive ' GTF ' act i vi t y  as s ay s , t he prop o s a l  

can b e  made t ha t  t he un iden t i fied non-chromium c ontaining 

fac t or in yea s t  and GTF , a s  de fine d b y  S c hwar z and Mert z  

( 1 9 5 7 ) , are i n  fa c t . equiv alent . Thi s  non- c hromium c ont ain� 

ing c omp lex. is c ap ab le of i ncre a s ing the fermentat i on rate  

o f  y e a s t  and b y  imp l i c a t i on p o s s ib l y  has an e ff e c t  on  t h e  

glu c o s e  remo val rate o f  rat s whi c h  have b een grown on a n  

Ameri c an Torula y east d i e t , 

I t  i s  apparent that c ons iderab l e work has  y e t  t o  b e  

done . I s o lat i on and p ur i f i c at i on s cheme s mus t  b e  de s i gnat e d  

t o  moni t or a c t i v i t y  rather t han c hromium . Only by s u c h  

me thods  can t he i dent i fi c at i on o f  the true gluc o s e  t o ler an c e  

fac t o r  b e . made a n d  only t hen wi l l  t he true e ffe c t  o f  GTF b e  

determined . 



SUPPLIERS OF CHEMI CALS 

A c e t i c  a c i d  

Acry lamide 

Ampho lyt e s o lu t i on 

Ammonia 

N H 4 C l  

( NH4 ) 2 so 4 

Ba ( OH ) 2 

B i ogel P- 2 

B i o t in 

B lack p epper corn s 

Brewer ' s  y e a s t  

But an- 1-o l 

C a c 1 2 . 2H2 0 

ea-pan t o t h enate 

C i tri c a c i d  

Chromium- 5 1  ( chlor i de ) 

C r c 1 3 . 6 H2 0 

C r  ( N0 3 ) 3 

( Cr ) 2 ( so 4 ) 3 

C u c 12 . 2H2 0 

L - c y s t e in e - H C l  

Dowex 1 - X 8  

Dowex 5 0W-X2 

Dowex 5 0W-X1 2 

APPENDIX I 

May and Baker ( M  & B ) 

B r i t i s h  Drug Hou s e s  ( B , D , H . ) 
L K B ( Sweden )  

M & B 

K o c h L i ght 

B D H 

B D H 

B i o-Rad 

S i gma 

S anitarium 

M & B 

' Lion ' Breweri e s  

Fermentation Indu s t r i e s  

B D H 

Ri edel de Haen ( R  d e  H )  

S i gma 

M & B 

Amers ham 

R de H 

B D H 

B D H 

B D H 

B D H 

B i o-Rad 

B i o-Rad 

R de H 
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E t hano l  

Et hanolamine 

Fe c 1 3 . 6H2 0 

Fo l i c  a c i d  

Fruc t o s e  

Galac t o s e 

G l u c o s e  monohy drate 

L-glutami c a c i d  

G ly c ine 

H C l  

Ino s it o l  

Mal t o s e  

MgC 1 2 . 6H2 o 

MnC 1 2 t 
NN me thy lene b i sacry lamide 

Mo las s e s  

o<. nap t ho l  

N inhydrin 

HN0 3 

Phenol 

P2 0 5 

P o l y e t hy lene g l y c ol 

Pork k i dney p owder 

K C l  

K2 c r2o 7 

KH 2 P o4 

K 2 HP04 

K I  
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B D H 

B D H 

B D H 

S i gma 

M & B 

M & B 

M & B 

S i gma 

M & B 

Aj ax 

Di f c o  

M & B 

R de H 

M & B 

B D  H 

Q , JV) , C ,  (Aus t ra l i a )  

JVJ & B 

B D H 

Aj ax 

B D H 

B D H 

B D H 

S i gma 

M & B 

K o c h  Light 

R d e  H 

R d e  H 

M & B 

B D H 
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Pyridox ine -HCl  

Sage 

Sephadex G l O  

Sephadex G 2 5  

Sp l i t  gre en p e a s  

Sodium a c etate  

NaCl 

NaH 2P o 4 

Na 2HP04 

Na2Moo 4 . 2H2 0 

Na 3:P o 4 

Na 2s o 4 

Sucro s e  

H2 so4 
' 

NNNN t e t rame th y l e t hy lene -
d i amine 

Thi amine-HCl 

Tri s  ( hydroxyme t hy l ) 
aminomethane 

B D H 

S anitarium 

S i gma 

S i gma 

San i t a r i um 

M & B 

M & B 

R de H 

R de H 

Baker 

R de H 

M & B 

Baker 

Aj ax 

B D H 

S i gma 

S i grna 

Vitamin B l 2  ( c yano c oba lamin ) S i gma · 

CM 2 3  

DE 2 3 

Whe at b ran 

Ye a s t  extract 

Yea s t  n i trogen b a s e  wit hout 
amino a c id s  

Whatrnan 

What man 

San i t ar i um 

Me rck 
Oxo i d  
B B L 
Di f c o  
S an i t a r i um ( Marmi t e } 

Di f c o  

M & B 

1 8 9  



/ 

REFEREN CES 

' 
A l vare z ,  R . ; Wo l f ,  W .  and Mert z ,  W .  ( 1 9 7 9 ) , Chrom i um in 

Nut r i t i on and Me tab o l i sm ( Editors  D .  Shap c o t t  and 

J .  Hub ert ) ,  8 5 - 9 3 .  

1 9 0  

Anders on , R . A . , Brantner , J . H .  and .Polansky , M . M .  ( 1 9 7 8 ) , 

Journal o f  Agr i c ulture an d Food Chemi s try , � 1 2 1 9 -1 2 2 1 . 

Anderson , R . A . , P o l an s ky , M . M .  and Brantner , J . H .  ( 19 7 9 ) , 

Chromium in Nut r i t i on and Metab o l i sm (Edi t o r s  

D .  Shap c o t t  and J .  Hub e rt ) ,  1 81 -1 8 7 . 

Anderson , R . A .  ( 1 9 8 1 ) , Th e S c i ence o f  the Total Environment , 

1 7 , 1 3 - 2 9 . 

Angyal , S . J .  ( 1 9 7 3 ) , C arbohy dra t e s  in Solut ion ( E d i t o r  

R . F .  Gould ) , 1 0 6 - 1 2 0 . 

Behne , D .  and Di ehl , F .  Nuc lear A c t i vat ion Te chni que s in t he 

Li fe S c i en c e s  ( IAEA -SM-1 5 7/1 1 ) , 4 0 7 . 

Be 1 1us c o  ( 1 9 7 7  t he s i � ) ,  Evi denc e  for c hromium-ins u Lin inter­

act i on . ( Order No . 7 7 - 2 2 , · 3 3 1 ) . 

Burkeho lde r , J . N .  and Mert z ,  W .  ( 1 9 6 7 ) , Pro ceedings o f  t he 

7th Int ernat ional Congre s s  on Nutri t ion , V ,  7 0 1 -7 0 5 . 
. � 

Campb e l l , W . J .  and Mert z ,  W .  ( 1 9 6 3 ) , Ameri c an Journ a l  o f  

Phy s i o logy , 2 0 4 , 1 0 2 8 -1 0 3 0 . 

Carter , J . P . , Kat t ab , A . , Ab d-E1 -Hadi , K . , Davi s ,  J . T . , 

E l  G h o lmy , A .  and Patwardhan , V . N .  ( 1 9 6 8 ) The Ameri c an 

Journal o f  C l ini cal Nut r i t i on, 2 1 ( 3 ) , 1 9 5 - 2 0 2 , 

Chr i s t i an , G . D . , Knob l o c k , E . C . ,  Purdy , W . C .  and M e rt z ,  W .  

( 1 9 6 3 ) , B i o chimi c a  et B i ophy s i c a  Act a ,  6 6 , 4 2 0 - 4 2 3 .  

Davidson , I . W . F .  and B lac kwe li , W . L .  ( 1 9 6 8 ) , Pro c e e dings o f  

�· t h e  S o c i e ty for Experime n t a l  Bio l ogy and Medi c ine , 

1 2 7 , 6 6 - 7 0 .  



/ 

1 9 1 

Davi d s on ,  I . W . F .  and Burt , R . L .  ( 1 9 7 3 ) , The Ameri c an Journal 

of OB s t e t ri c s  and Gynae c o l o gy , 1 1 6 ( 5 ) , 6 01 - 6 0 8 .  

Do i sy , R . J .  ( 1 9 6 3 ) , End o c r inology , 1£ ,  2 7 3- 2 7 8 . 

Evan s , G . W . , Roginsk i ,  E . E . and Mert z ,  W .  ( 1 9 7 2 ) , Federation 

Proceedings o f  t h e  Federa t e d  Ame r i c an S o c i e t i e s  For 

Experimental B i o l ogy , 3 1 ( 1 ) , 2 6 4 . 

Freund , H . , A t amian , S .  and Fi s cher , J . E .  ( 1 9 7 9 ) , J o urnal 

of the Ame r i c an Medi cal A s s o c i at i on , 2 4 1 ( 5 ) , 4 9 6 -4 9 8 . 

Ghafghaz i ,  T . , Maghbare h ,  A .  and Barne t t , R .  ( 1 9 7 9 2 , 

Tox i c o l o gy , 1 2 , 4 7 - 5 2 . 

Ghafgha z i , T . , McDan i e l , M . L .  and Lacy , P . E .  ( 1 9 8 0 ) , 

Diab e t o l ogia , 1 8 , 2 2 9 -2 3 2 . 

G li n s mann , W . H . , F e l dman , F . J .  and Mert z , w-. Cl9 6 6 ) , 

S c ien ce 1 5 2 , 1 2 4 3- 1 2 4 5 . 

' 

G l i n s mann , W . H .  and Mert z ,  W .  ( 1 9 6 6 ). , 'Met ab o li sm , ' l 5 ( 6 l � 

5 1 0-52 0 .  

G ub le r , C . J . , I za t t , R . 'M . , Eat ough , D . J . , Murdock � D . M .  and 

Chri s t e n s e n , J . J .  ( 1 9 7 5 ) , Pro c e e dings of the l Ot h  

Internat i onal C ongre s s  on N u t r i t ion , ( Ku o t o , Jap an ) � 

5 6 6 . 

Gur s o n , C . T .  and Saner , G .  ( 1 9 7 1 ) , The Ame r i c an Journ a l  o f  

Clini c al Nutri t ion , � '  1 3 1 3 - 1 3 1 9 . 

Gur s on , C . T .  and S ane r , G .  ( 1 9 7 8 ) , The Ameri c an Journ a l  o f  

C linical Nutri t i on , 3 1 , 1 1 5 8 - 1 1 6 1 . 

Guthr i e , B . E .  ( 1 9 7 5 ) , New Z ealand Med i cal Journal , '8 2 , 

4 1 8-4 2 4 . 

Hopk i n s , L . L . , Ran s ome -Kut i ,  0 .  and Maj aj , A . S .  ( 19 6 8 )  

The Ameri c an J ournal of C l i n i c al Nutri t io n , 2 1  

2 0 3 - 2 1 1 . 



1 9 2 

J e ej eeb hoy , K . N . , Chu , R . C . , Marl i s s , E . B . , Gre enb erg , G � R .  

and �ruc e -Robert s on , A .  ( 1 9 7 7 ) , The Ame ri c an Journa l 

o f ' C lini c al Nutri t i on , lQ ,  5 3 1 - 5 3 8 . 

K i en l e , K . H . , Di t s chune i t , H . H . , Op ferkuch , R .  and ! ·· 

S e e ling , W .  ( 1 9 7 9 ) , Chromi um i n  Nutri t ion and 

Me t abo l i sm ( Ed i t or s  D .  Shap c o t t  and J .  Hub ert ) ,  

1 8 9- 1 9 7 . 

Kir chne r , J . G .  ( 1 9 7 8 ) , Thin layer chroma t o graphy ( 2nd 

E d i t i on ) , ( N . Y .  W i l e y ) . 

Kras z e s k i , J . L . , Wal lach , S .  and Ver c h , R . L .  ( 1 9 7 9 ) ,  

Endo crino l ogy , 1 0 4 , 8 81 - 8 8 5 . 

Kump u lainen , J . , K o ivi s t oinen , P .  and Laht i nen , S ,  (l 9 7 8 ) , 

B i o inorgan i c  Chemi s try , �( 5 ) , 4 1 9 - 4 2 9 . 

Kump u l a i nen , J . T . , W o l f , W . R . , Ve i l l on , C .  and Mert z , W .  
( 1 9 7 9 ) , J ournal o f  Agri c ulture and Food Chemi s t ry , 

?:_1, 4 9 0- 4 9 4 . 

Kumpu la inen , J . ,  Anct'e r s on , R . A . , P o lansky , M , M ,  and 

W o l f ,  W . R .  ( 19 7 9a ) , Chromium in Nutr i t i on and Me t a� 

b o l i sm ( Ed i t or s  D .  Shap c o t t  and J Hub ert ) ,  7 9 -8 4 , 

Levine , R . A . , S tre eten , D . H . P .  and po i sy , R . J .  ( 1 9 6 8 ) , 

M e t ab o li s m ,  1 7 ( 2 ) , 1 1 4 - 1 2 5 . 

Liu , V . I . K .  and Morr i s , J . S .  ( 19 7 8 ) , The Ame ri c an Journal 

o f  C l in i c a l  Nutr i t ion , 31 , 9 7 2 - 9 7 6 . 

Mathur , R . K .  and Dai sy , R . J .  ( 1 9 7 2 ) , Pro c e e d i ngs o f  t he 

S o c i ety for Experimen t a l  Bi o l o gy and �e di c ine , 

1 3 9 , 8 3 6 - 8 3 8 . 

Mert z ,  W .  and S chwarz , K .  ( 1 9 5 9 ) , Amer i c an J ournal o f  

Phy s io logy , 1 9 6 ,  6 1 4 - 6 1 8 . 

Mert z ,  W . , Rogins k i , E . E .  and S chroe der , H . A .  ( 1 9 6 5 ) , 

J o urna l o f  Nutr i t i on , � '  1 07 -1 1 2 . 



1 9 3 

Mert z ,  W . , Roginsk i ,  E . E .  and Reba , R . C .  ( 1 9 6 5a ) , Ameri c an 

J o urnal o f  Phy s i o logy , 2 0 9 , 4 8 9 - 4 9 4 . 

Mert z ,  W .  ( 1 9 6 9 ) , Phy s i ologi c a l  Revi ews , �( 2 ) , 1 6 3 -2 3 9 . 

Mert z ,  W .  and Rogin s k i , E . E .  ( 1 9 7 1 ) , Newer Trace E l ement s 

in Nut ri t i on ( E d i t ors W .  Mert z and W . E ,  Corna t ze r ) ,  

1 2 3 - 1 5 3 . 

Mert z ,  W .  ( 1 9 7 5 ) , Nutri t i on Revi ews , 3 5 ( 5 ) , 1 2 9 -1 35 . 

Mirsky , N . , We i s s , A .  and Dori , Z .  ( 1 9 8 0 ) ,  Journal o f  

Ino rgani c  Bi o c hemi s t ry , 1 3 , 1 1 - 2 1 . 

Onke linx , C .  ( 1 9 7 7 ) ,  Ameri c an J o urna l o f  Phy s i o logy , 

2 3 2 ( 5 ) , E 4 7 8-E 4 8 4 . 

Or s t e in , L .  ( 1 9 6 4 ) , Annal s  o f  the New York Ac ademy o f  

S c i en c e , 1 2 1 , 3 2 1 . 

P arr , R . M .  ( 19 7 7 ) , J ournal o f  Radi oanalyt i c a l  Ch emi s try , 

3 9 ' 4 2 1�43 3 . 

P e karek , R . S . , Hauer , E . C . , Ray f i e l d , E . J . , Wannemacher , R . W ,  

and B e i se l ,  W . R . ( 1 9 7 5 ) , D i ab et e s , 2 4 , 3 5 0 -3 5 3 . 

P re s t on , A . M . , Da i s y , R . J . , Pre s ton , M .  and Freeman , J , N ,  

( 1 9 7  6 ) , Journal o f  Nutr i t i on., l 0 6 , l 3 9 1 -J. 3 9 7 , 

Rab inow i t z ,  M . B . , Levin , S . R . and Gonick , H . C ,  (J. 9 8 0 ) , 

M e t ab o l i sm ,  2 9 ( 4 ) , 3 5 5 - 3 6 4 . 

Ro l li n s on , C . L . , Ro s enb loom , E .  and Lind s ay , J ,  ( 1 9 6 7 ) , 

Pro c e e dings o f  t he 7 th I nt ernat i onal C ongre s s  on 

Nutri t i on , � '  6 9 2 - 6 9 7 . 

Rogins k i , E . E .  and Mert z ,  W .  ( 1 9 6 9 ) , Journal o f  Nutr i t i on ) 

2]_, 5 2 5 - 5 3 0 .  

Rogin s k i , E . E . , Toep fer , E , W . , P o lan sky , M , M .  and Me rt z , W .  
( 1 9 7 1 ) , Federat i on Proc e e d ings o f  t h e  Federat e d  

Ame r i c an S o c i et i e s  for Experiment a l  B i o l o gy ,' J O (l ) , 

2 3 8 . 



S c hr o eder , H . A .  ( 1 9 6 6 ) ,  J o urna l o f  Nutri t i o n , �' 4 3 9 - 4 4 5 .  

_I 

S c hr o e der , H .  ( 1 9 6 8  review ) , The American J o urnal o f  

C li n i c a l  Nutri t i on , 2 1 ( 3 ) , 2 3 0 - 2 4 4 , 

S c hroeder , H . A . , . Nas on , A . P .  and Tip ton , J . H ,  (l 9 7 0 ) , 

Journa l  o f  Chron i c  D i s ease s ,  �' 1 2 3 -� 4 2 , 

19 4 

S c hwar z , K .  and Mert z ,  W .  ( 1 9 5 7 ) , Ar chive s o f  Bioc hem i s try 

and B i op hs i c s , 7 2 , 5 1 5 - 51 8 . 

S c hwar z ,  K .  and Mert z ,  W .  ( 1 9 5 9 ) ,  Archive s o f  B i o chem i s t ry 

and B i op hs i c s ,  §2, 2 9 2 -2 9 5 . 

Shap c o t t , D .  ( 1 9 8 0 ) ,  D i ab e t o l ogia , l 9 , 1 6 4 . 

Sherman , L . , G lennon , J . A . , Bre c h , W . J . ,  Klomb erg , G . H ,  and 

Gordon , E . S . ( 1 9 6 8 ) , Metab o l i sm ,  l 7 C5 2 , 4 3 9 -4 4 2 , 

Suom a l ainen , H .  and Oura , E .  (1 9 7 1 ) ,  The Y e a s t s ,  Volume 2 

( E di t or s  A . J .  
·
Ro s e  and J . s .  Harri s on ) , 3 �7 4 ,  

Tip t on , I . H .  and Cook , M , J , ( 1 9 6 3 2 , He alth l?hys . , ' 2._ ,  l 0 3 . 

Tip t on , I .  H .  S chroe der , H . A .  and Pe r�y, H . M .  (1 9 6 5 ) ,  

H e a l t h  Phy s . ,  1 1  4 0 3 - 4 5 1 . 

Toep fer , E . W . , Mert z , W . , Rogin s k i , E . E .  and P o l an s ky , M . M .  

( 1 9 7 3 ) , Journa l  o f  Agri c u l t ur e  and F o o d  Chemi stry , 

2 1 ( 1 ) , 6 9 - 7 3 .  

Toe p f e r , E . W . , Mert z , W .  P o lansky , M . M . , Rogin s k i , E . E .  and 

Wo l f ,  W , R .  ( 1 9 7 7 ) , J o urna l  of Agri cul tupe and Food 

Chemi stry , 2 5 , 1 6 2 - 1 6 6 . 

Tuman , R .  W .  and Doi sy ,  R . J . ( 1 9 7 7 ) , Diab e t e s , ' � ' 8 2 0 -8 2 6 ,  

Tuman , R .  W . , Bi lb o ,  J . T .  and Doi s y , R . J .  ( 1 9 7 8 ) , Diabet e s ,  

2 7 ,  4 9 - 5 6 .  



1 9 5  

Votava , H . J . , Hahn , C . J .  a n d  E van s , G . W .  ( 1 9 7 3 ) ,  Bioc hem i c al 

and B i ophy s i c a l  Re s earch Commun i c at i on s , .22 , 3 1 2 -31 9 , 

Wise , A .  ( 1 9 7 8 ) , Ame rican Me di c al A s s o c iat i on J o urna l , 

2 4 0 ( 1 9 ) , 2 0 4 5- 2 0 4 6 . 

Woo l l i s c r o ft , J .  and Barbo s a , J .  ( 1 9 7 7 ) , Journa l o f  

Nutri t i on , 1 0 7 , 1 7 0 2 -1 7 0 6 . 


	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118
	10119
	10120
	10121
	10122
	10123
	10124
	10125
	10126
	10127
	10128
	10129
	10130
	10131
	10132
	10133
	10134
	10135
	10136
	10137
	10138
	10139
	10140
	10141
	10142
	10143
	10144
	10145
	10146
	10147
	10148
	10149
	10150
	10151
	10152
	10153
	10154
	10155
	10156
	10157
	10158
	10159
	10160
	10161
	10162
	10163
	10164
	10165
	10166
	10167
	10168
	10169
	10170
	10171
	10172
	10173
	10174
	10175
	10176
	10177
	10178
	10179
	10180
	10181
	10182
	10183
	10184
	10185
	10186
	10187
	10188
	10189
	10190
	10191
	10192
	10193
	10194
	10195
	10196
	10197
	10198
	10199
	10200
	10201
	10202
	10203
	10204
	10205
	10206
	10207
	10208
	10209
	10210
	10211
	10212
	10213
	10214
	10215
	10216
	10217
	10218
	10219
	10220
	10221
	10222
	10223
	10224
	10225
	10226
	10227
	10228
	10229
	10230
	10231
	10232
	10233
	10234
	10235
	10236
	10237
	10238
	10239
	10240
	10241
	10242
	10243
	10244
	10245
	10246
	10247
	10248
	10249
	10250
	10251



