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ABSTRACT 

The ceroi d- l i pofu s c i noses  a re a group of i nheri ted d i seases of humans 

and an ima l s c haracteri sed by bra i n  a trophy and the storage of a 

fl uorescent l i pop i gment  i n  a vari ety of  t i ssues . C l i n i ca l  s i gn s  

i nc l ude l os s  of  v i s i on , se i zures , mental  retardati on and dementi a ,  

wi th the d i sease  c u l mi nati ng i n  premature death . Defects  i n  l i p i d  

metabo l i sm o r  the control o f  l i pi d peroxi dati on have been postul a ted 

to expl a i n  the i r pathogenes i s .  Spe c i f i c  defects i n  pe roxi dases , fatty 

a c i d  metabo l i sm ,  dol i c hol  metabo l i sm ,  ret i nol metabol i sm and  i ron 

metabo l i sm have been proposed . Ev i dence for these  mec han i sms ar i ses 

from the appa rent  l i po i d  fl uorescent Sch i ff base n ature of  the 

l i pop i gmen t .  

Th i s  study reports the ana lys i s  of total t i s sue l i p i ds a nd l i pop i gment 

i sol ated from ti s sues of  sheep affected wi th cero i d- l i pofusc i nos i s .  

Bra i n  grey matter phosphol i p i d  fatty ac i ds  of di seased s heep we re 

compared wi th  those of norma l s heep . Phosphati dyl ethanol ami ne  of 

d i sea sed s heep conta i ned more 18 : 1 ( n- 9 )  and l ess  2 2 : 6 ( n- 3 )  than norma l 

and the i r  phosphati dyl chol i ne l es s  16 : 0 .  Other d i fferences were 

mi nor . No d i ffe rences were found between the l i ver  l i p i ds nor t he 

fatty ac i d  profi l es of  the i r  phosphati dyl chol i ne ,  

phosphati dyl ethanol ami ne or tri g l yceri de s .  

Li popi gment  from the l i ver  of affected s heep wa s 70% prote i n aceous , 

the rest be i ng ma i n l y  l i p i ds . These we re on l y  one s i xth  a s  

fl uorescent a s  tota l l i ver  l i pi ds , but contai ned a number of 

fl uorophors . None were major component s  of the l i popi gment  o r  the 

postul ated fl uorescent product of l i p i d peroxi dati on . L i pop i gment 

l i pi ds i nc l uded the l ysosoma l marker bi s ( monoacyl gl yceryl ) phosphate 

that conta i ned 4 2 . 9% l i no l eate and  16 . 5% l i nol enate . L i popi gment 

neutral l i p i d s  were dol i cho l , dol i c hyl esters , u b i qu i none , free fatty 

aci d s  and  cho l e stero l , i nd i cati ve of  a l ysosoma l ori g i n  of  the 

l i popi gment . P hosphati dyl chol i ne ,  pho s phati dyl i nos i tol , 

phosphat i dyl seri ne and  phosphati dyl e thanol ami ne were present  i n  

proporti ons  and  wi th fatty a c i d  profi l es typ ica l  of l ysosome s . 
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Li popi gment i so l a ted from l i ve r ,  k i dney,  pancreas and bra i n  of 

affected s heep  wi thout the use of proteol yt i c  enzyme s wa s two-th i rd s  

prote i n .  S i l ve r  stai n i ng after sod i um dodecyl s u l phate pol yacryl ami de 

gel e l ectrophores i s  showed a major band of  Mr 14 , 800 , heterogeneous 

materi a l  between 5 , 000 - 9 , 000 Mr and  a major band  of Mr<3 , 500 .  These  

components d i d  not sta i n  for RNA o r  ca rbo hydrate , and  were d i ge sted by 

a nucl ease  free  protease . They a re not normal l ysosoma l prote i n s . 

The presence of  the 3 , 500 Mr prote i ns i n  whol e affected ti s sue 

homogenates d i st i ngui s hed them from homo genates of norma l t i s sue . 

Li pop i gment l evel s of dol i chol , u b i qu i none and cho l e stero l  we re 

cons i stent wi th  t he l i popi gment be i ng prote i n  en ri c hed l yso some 

deri ved cyto some s . 

The concentrat i o n  of meta l s  i n  l i pop i gment  from the four  t i s s ues  wa s 

a l so anal ysed . L i ver l i pop i gment had a h i gh copper conten t , 1 . 3% ,  

ki dney l i pop i gment a h i gh i ron content and  bra i n  l i pop i gment  s howed an  

accumu l a t i o n  of  some trace e l ements . These data i nd i cate that the 

l i popi gment  cytosomes have a hi story of be i ng funct i ona l  l yso somes as 

far a s  meta l metabol i sm i s  concerned . Metal anal yses of cerebrosp i na l  

fl u i d  reve a l ed no  i nd i ca t i on of a defect i n  meta l metabo l i sm .  

I t  i s  con cl uded that ovi ne cero i d- l i pofusci nosi s i s  not a l i p i dos i s ,  

nor does the  l i popi gment ari se from the abnorma l peroxi dat i on of 

l i pi ds .  There i s  no evi dence of a ny d i s turbance i n  meta l metabo l i sm .  

Low mo l ec u l a r  we i ght prote i n s  are s tored  i n  l yso some deri ved 

organel l e s and  on these grounds the  cero i d- l i pofusc i noses  shoul d be 

regarded a s  l yso somal protei noses . The se  may re su l t from defects  i n  

l ysosoma l proteo l ysi s or i ts contro l . 
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CHAPTER I 

THE BIOCHEMISTRY OF CEROID-lI POFUSCINOSIS A REVIEW 

Introduction 

1 1  

The neuronal cero i d- l i pofu sc i noses are a group of storage d i seases  of 

c h i l dren i n heri ted as autosoma l rece s s i ve t ra i ts .  Ch i l dren appea r  to 

deve l op norma l l y  a t  fi rst but c l i n i ca l  symptoms deve l op i n  i nfancy or  

i n  ch i l dhood . C l i n i ca l  s i gns  i nc l ude l os s  of  vi s i on ,  sei zure s , 

mental  retardat i on and  demen ti a ,  wi th the d i sease cu l mi nati ng i n  

p remature dea t h . Three ma i n  types occu r ,  n amel y the i nfanti l e ,  l ate 

i nfanti l e  and j uven i l e  fo rms , d i sti ngui s hed from each other by the age 

of  onset and progre s s  of c l i n i ca l  d i sease . Sub-type s  a l so occur  

( Zeman , 1976 ; L a ke , 1977 ; Lake and  Cavana9h , 1978 ) .  The c l os e  

homochron i sm and  homotypi sm between a ffec ted  s i bl i ng s  ( Zeman , 197 6 )  

i nd i cates that the s ubd i v i s i on i nto g roups i s  geneti ca l l y  determi ned . 

An adu l t form , Kufs d i sea se , has  been de scr i bed . 

The fi rst c l i n i ca l  descri pti on of what i s  n ow ca l l ed cero i d­

l i pofusci nos i s wa s made i n  1826 ( Stengel , 1826) .  For ove r one 

h undred years these d i sea ses  we re grouped wi th the other amauroti c  

fami l i al i doc i e s . I n  1969 they were del i neated from the 

gangl i o s i doses  i n  an  exten s i ve pathol og i ca l  study ( Zeman and Dyken , 

1 969 ; Zeman , 197 0 ;  Zeman et  a l . ,  1970 ) , a pos s i bi l i ty previ ewed by 

Sp i e l meye r i n  1906 ( Sp i e l meye r ,  1906 ) . They were col l ect i ve ly  

renamed the " cero i d- l i pofusc i noses " because of  the  s i mi l ari t i es of the 

l i pop i gment abnorma l l y  stored i n  cel l s  of  a ffected peop l e  to the 

l i pop i gments cero i d  and l i pofusci n .  These  d i seases  have a l s o  been 

known by a l a rge number of eponyms ( Ta b l e I )  of wh i c h Batten ' s  d i sease  

i s  the best  known . Eponyms have someti me s  been used a l one , e . g .  

Batten d i sease , o r  i n  comb i nati on , e . g .  Spi el meyer-Vogt synd rome . 



Table  1 

Nomencl ature of the ceroi d-l i pofusci noses . 

Descri pti ve 

I n fan t i l e  

Late I nfanti l e  

Juven i l e  

Adul t 

Eponyms 

Ha l ti a- Santavuori 

Jansky-B i e l schows ky 

Batten- Mayou- Sp i e l meye r 

Vogt-Sjogren 

Kuf 

1 2  

The  cero i d- l i pofusc i noses a re not re stri c ted to any parti cu l ar  

popul ati on . They a re proba b ly  the  mos t  common type of  i n heri ted 

s torage d i sease , affect i ng approxi matel y  1 i n  100 , 000 l i ve bi rth s  

wo rl d-wi de ( Zeman et  a l . 1970 ) . D i agnosed cases however are more 

common i n  Scand i nav i a ( Gutteri dge et a l . ,  1 982a ) but thi s may i n  pa rt 

be a consequence of better d i agnosti c methods there ( Nori o , et a l . ,  

1 97 3 ) . The preva l ence of the i nfanti l e  fo rm i n  Fi n l and i s  

a pproximate l y  1 i n  1 3 , 000 ( Santavuori e t  a l . ,  197 4 ) . Simi l a r 

d i sea ses have been found i n  domesti c a n i ma l s ,  namel y i n  Beefmaster 

cattl e ( Read and  Bri dges , 1969 ) , Si ame se cats  ( Green and Li ttl e ,  

1 97 4 ) , Ch i huahua  dogs ( Ra c  and  G i e secke , 197 5 ) , Dach shunds ( Cummi ngs  

and  de Lahunta , 1977 ) ,  Sa l u k i  dogs  (App l e by et a l . ,  1984 ) , Da l mat i a n  

d o g s  ( Goebel  and  Da hme , 1 98 5 ) , Bl ue Heel er  dogs ( Cho et  a l . ,  1986 ) , a 

mature c ross- bred terri er  ( Hoover et a l . ,  1 984) , Eng l i s h Setter dogs 

( Koppang , 197 0 )  and  New Zea l and So uth Hamps h i re sheep ( Jol l y  and  We st , 

1 976 ) . The d i seases  i n  the Engl i s h Setters  and So uth Hamps h i re s heep 

have been  stu d i ed as mode l s  of the human d i sea ses  and  bi ochemi c a l  

stud i es o f  affected South Hamps h i re s heep form t h e  bas i s o f  th i s  

t hes i s .  A f l oc k has  been bred and ma i ntai ned for th i s purpose . 

These s heep have been the subject of exten s i ve pathol ogi ca l  stud i es 

wh i c h  have e s tab l i s hed them as  a good mode l , mos t  resembl i ng the  

j uven i l e  fo rm of the human d i sease ( Jo l l y  e t  a l . 1980 , 1982 ; Graydon 

and  Jol l y ,  198 4 ;  Mayhew e t  a l . 1985 ) . 



1 3  
The  ceroi d- l i pofu s c i noses are c haracteri sed  by severe bra i n  a trophy , a 

l e s i on un i que among the i n heri ted storage  d i seases . S imi l a r 

secondary d i sease  i s  not seen i n  other orga ns even t hough  p i gment  

cytosome s are present  i n  mos t  cel l types of  the body . The cyto somes 

a re osmi ophi l i c ,  fl uorescen t ,  peri od i c  ac i d Schi ff ( PAS ) and Sudan 

sta i n  po s i t i ve bod i e s .  The i r  genera l s ta i n i ng and fl uorescent 

propert ie s  have l ed them to  be  deemed l i pop i gmen t .  U l tra structura l  

s tu d i e s  have s hown them to be cyto somes con s i sti ng o f  dense gra nu l a r  

a reas  a n d  a vari e ty of mu l ti l ayered membranous  arrays . The rea son 

for th i s d i vers i ty of structure is  not  unde rstood . Attempts to 

c l a s s i fy the s ub-types of the d i sea se  i n  terms of t he rel at i ve 

propo rti ons of these  morphol ogi ca l l y  va r i e d  structures  have met wi t h  

on ly  1 i m i ted s uccess  ( Goebel  et a l . ,  197 9 ) . Stud i e s o n  affected 

s heep have shown that  d i ffe rent ti s s ues  in  the same affected a n i ma l  

conta i n  cyto somes o f  vari ed appearance ( Jol ly  et a l . ,  1980 ) . 

Al though c l i n i ca l  d i sease i s  not man i fested for several months  o r  

years , l i pop i gment  i s  probab l y  present a t  a l l  ages . I t  occurred i n  

amn i oti c cel l s  of  a 16 wee k  ol d foetus ,  an  observa t i on that a l l owed 

prenatal d i agno s i s by e l ectron m icroscopy ( McCl eod , et  a l . ,  1984 ) . 

I t  i s  a l so present  i n  bra i ns of affected l ambs i n  quant i t i es 

s uffi c i ent  to a l l ow d i agnos i s by h i s topathol ogy of paraffi n b l o c ke d  

s ecti ons at  b i rth ( Jol l y  pers . comm . ) . 

Lipopi gments and the i r  termi nol ogy 

Lipopi gments a re a fami l y  of fl uorescent  cytosome s that sta i n  wi t h  

l i pi d sta i n s  i n  h i s tol og i ca l  prepara ti o n s . Genera l l y  they are 

col oured ye l l ow to brown , but somet imes  t hey are a l most  col ourl e s s . 

The i r  b i ogenes i s  i s  not a l ways c l ea r  and  i t  i s  proba bl e that they 

resu l t from a vari e ty of d i fferent cause s .  The term l ipofusc i n ,  

deri ved from II l i poli mean i ng fat ( Greek ) , a nd  I Ifusci nli mean i ng d u s ky 

brown ( Lati n ) , wa s i ntroduced by Borst ( 19 2 2 ) . I n i t i a l l y  i ts u se wa s 

reserved fo r lI age-p i gmentll , i . e .  the l i pop i gment that  accumu l ates  wi t h  

age , parti cu l a rl y i n  post-mi toti c ce l l s ,  but  " l i pofusci n "  i s  now 

somet imes used  to descri be other s i mi l a r l i popi gments  that can occur  

for  a vari ety of reasons , not a l l of  wh i ch are understood . A 

l ysosoma l ori g i n  of l i pofu s c i n  i s  genera l l y  accepted . 
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Ceroi d genera l l y  refe rs to a l i popi gment  wh i ch re su l ts  from the 

degenerati on of l i p i d assoc i a ted wi th fat necrosi s or the storage of 

l i p i d  in unusua l  amo unts . It i s  u sua l l y fo und wi th i n macrophages 

( Schroder , 1980 ) . The term cero i d  ha s a l sa been used  fo r any 

l i pop i gment who se pre sence i s  i nd i cati ve of a d i sease  state . 

Some authors a p p l y  both these  terms ce roi d a nd l i pofusci n ,  to the 

enti re cytosoma l structure wh i l e  others i mpl i cate on l y  part of i t ,  

u s ua l l y  the so-c a l l ed fl uorophor . The terms l i pofusc i n and cero i d 

wi l l  be u sed i n  th i s the s i s on ly  wi thi n the above mo re c l a s s i ca l  

defi n i ti ons . Other l i pop i gments wi l l  be referred to a s  l i pop i gments  

and  thei r ori g i n  i nd i cated . L i popi gment , age-pi gmen t ,  l i pofus c i n  and  

cero i d wi l l  a l l refer to t he enti re cytosome s , rather than  a ny part 

thereof . 

Proposed mechani sms of l i popi gment formati on 

Efforts to understand the b i ogenes i s of  the vari ous  l i po p i gmen ts and  

of the  l i popi gment  i n  the cero i d- l i pofu sc i no ses have concentra ted  on 

pos s i b l e  mechan i sms to expl a i n  the i r  fl uores cence . A degree  of  

commonal i ty as  to the ori g i n  of a l l these structu ra l l y  s i mi l ar 

l i pop i gmen ts ha s  been assumed . I n  1969 Ch i o and Tappel  reported that 

materi a l  wi th the  fl uorescent  propert i e s  of  l i pofusc i n wa s genera ted  

when prote i n  rea cted wi th peroxi d i sed l i p i ds , and  furthermore that  

Schi ff bases wi t h  the same fl uorescent properti es  we re generated when 

ma l ona l de hyde wa s reacted wi th a number of amino ac i d s  ( Chi o and  

Tappe l , 1969 a ,  b ) . A s  ma l onal dehyde i s  a product  of l i p i d  

peroxi dati on , t h e  fo l l owi ng  schema eme rged ( Fi g . l ) wi th  the gene ra ted  

ma l ona l de hyde react i ng wi th  the  ami no g roups of prote i ns or  

phosphol i p i ds to form the fl uorophor .  Becau se l i pofusc i n has  s i mi l a r 

fl uorescent spectra , an anal ogous fl uorophor wa s postul ated as  i ts 

core . Consequen tl y  by the same ana l ogy a s i mi l ar fl uorophor wa s 

postul ated as  the  pri mary e l ement i n  the fl uorescent cyto somes of the  

cero i d- l i pofusc i noses . 
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The apparent l i p i d  natu re of the stored l i pop i gment had a l ready d rawn 

a ttent i on to the poss i b l e  i nvol vement of abnorma l l i pi d metabo l i sm i n  

the pathogenes i s of the d i sea ses . Ear ly  b i ochemi ca l  stud i es had 

concen trated on the sph i ngol i p i d s , i . e .  cerebro s i des  and  ga ngl i o s i de s , 

a s  these compound s  we re impl i cated i n  the other forms of amauroti c  

i d iocy e . g .  the gan g l i o s i doses . No u sefu l  i nformati on emerged from 

t hese earl y stud i e s  and  the wo rk wa s abandoned . The deve l opmen t  of 

an hypothes i s that po stu l ated a defect i n  the metabo l i sm of a 

d i fferent c l a s s  of l i p i d , i . e .  po lyunsatu ra ted fats , a l though not 

e nti re l y  nove l , wa s consequen t ly  greeted wi th a l acri ty ( Zeman and 

Dyken , 1969 ; Zeman , 197 4 ;  Zeman , 197 6 ) .  Four ma i n  l i nes of 

s upport i ng  evi dence qu i c k ly  emerged , name l y  d i sturbances  i n  fa tty ac i d 

profi l es i n  vari ous  phosphol i p i d s  and e sters ; apparent defi c i enc i es  i n  

t he acti v i ty of vari ous  peroxi dases ; i mba l ances i n  the metabol i sm of  

metal s i mpl i cated as  cata lysts of  the l i p i d peroxi dati on proce s s ; and  

data on the  chemi c a l  s tructure of the  l i pop i gmen t .  The se are 

revi ewed be l ow .  

Fatty acid di sturbances in  ceroid-l i pofusci nosi s 

( a )  Lipi d s  i n  b l ood . The re have been a number o f  reports of 

c hanges in the fa tty ac i d compo s i t i on of comp l ex l i pi ds  i n  the serum 

and pl asma of peopl e affected wi th  the neuronal  ceroi d- l i pofusc i nose s .  

I n  a patient  wi th  i nfanti l e  ceroi d- l i pofusc i nosi s ,  se rum l ec i th i n  

(phosphati dyl chol i ne )  had  a ra i sed content  o f  arac h i don i c  ac i d 

( 20 : 4 ( n- 6 ) ) .  A s i b l i ng ,  a l so d i agnosed a s  affected , s howed no such  

e l eva t i on ( Hagberg , et  a l . ,  197 4 ) . A s i mi l a r pattern of arach i dona te 

i ncrease and l i nol eate decrease i n  serum p hosphati dyl chol i ne wa s 

reported i n  another pa ti ent wi th i nfanti l e  ceroi d - l i pofusc i nos i s 

( Anzi l ,  et  a l . 1 97 6 )  but these wo rkers ques t i oned the rel evance of 

t h e se data to any pri ma ry underl yi ng b iochemi ca l  abnorma l i ty .  Stud i e s 

o f  tota l  serum fatty a c i d s  i n  f i ve pati ents  wi th juven i l e  ceroi d­

l i pofu sci nosi s showed a marked l owe ri ng of  l i nol eate ( 18 : 2 ( n-6 ) ) and  

a l arge i ncrease i n  fatty ar��s wi th more than  20 ca rbons . Howe ve r , 

" neuro l ogi cal  contro l s " , . . " i n- pati ents s ufferi ng from other 

n e rvous d i sorders " s howed s i mi l ar changes ( Pron k ,  et a l . ,  197 3 ) . 

A l arge reduction  i n  l eucocyte docosahexaeno i c  ac i d ( 22 : 6{n- 3 ) ) i n  

pat ients  wi th juven i l e  cero i d- l i pofusci nos i s has  been reported and  a 

defect i n  the metabo l i sm of l i no l e n i c  ac i d ( 18 : 3{n- 3 ) ) deri ved fatty 
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ac i d s  s uggested ( Pu l l arkat , e t  a l . ,  1978 ) . Ni ne pati ents wi t h  l ate 

i nfant i l e  ceroi d - l i pofu sci nos i s  had decreased serum l i nol e i c  ac i d 

and i nc reased ara c h i don i c ,  s teari c ( 18 : 0 ) , o l e i c  ( 18 : 1 ( n-9 ) ) and  

e i cosatri eno i c  ( 20 : 3 ( n- 9 ) ) a c i d l eve l s .  The se resu l ts  were l i n ked  by 

the a uthors to t he poss i bl e  abnorma l l os s  of  po l yun saturated fa tty 

aci d s  through l i p i d  peroxi dati on ( Jensen , et  al . ,  1978 ) . Di sturbed 

l eve l s of serum l ec i th i n ,  tota l l e ucocyte and  tota l l ymphocyte fatty 

ac i ds have a l so been reported i n  some s l i ght ly  unusua l  o r  poorl y 

d i agnosed forms of cero i d- l i pofu sci nos i s  ( Becker , et  a l . ,  1979 ; 

Rumbac h , et a l . ,  1 983 ; Va l l at ,  et a l . ,  1985 ) . P l a sma arac h i donate 

and l i nol enate l evel s h ave been mon i tored i n  dogs affected wi t h  

cero i d- l i pofusc i no s i s ,  a n d  compa red wi t h  those of dogs heterozygou s  

for the  d i sease ( Farn swo rth , et  a l . ,  1982 ) .  Between 4 months and  1 8  

- 2 0  months , t h e  l eve l s o f  phosphol i p i d  and  c hol este ryl l i nol eate 

were h i gher i n  the homozygous affected a n i ma l s ,  wh i l e  the a rach i dona te 

l evel  wa s l owe r ,  t he reverse of the genera l  trend observed i n  t he 

human stud i es above . 

( b )  Lipi ds i n  bra i n . There have been a number of reports of  

genera l l i p i d c hanges  i n  the bra i n s of  peop l e  affected wi th cero i d­

l i pofusc i no s i s .  The mo st notab l e genera l f i nd i ng i s  an  i ncrease i n  

esteri fi ed c hol e sterol  i n  the i n fanti l e  and  l ate i nfanti l e  forms of 

the d i sease ( Van Desse l , et  a l . ,  1977 ; Bou rre , et a l . ,  197 9 ; Hagberg , 

et a l . ,  1968 ; Neva l a i nen , et  a l . ,  197 3 ) . 

Spec i fi c changes i n  bra i n  phosphol i p i d  fatty aci d s  have a l so been 

reported .  In t he i n fanti l e  form , fatty ac i d profi l es of the major  

phosphol i p i ds , phospha t i dyl c hol i ne ,  phospha t i dyl i nos i to l , 

phosphati dyl seri ne and  phosphati dyl e thano l ami ne have been recorded a s  

d i fferi ng  from those  of norma l control s .  I n  pa rti c u l a r ,  there wa s an  

i ncrease in  20 : 4 ( n- 6 ) , a decrease  in  22 : 4 ( n- 6 )  and  a l a rge decrease  i n  

22 : 6 ( n- 3 ) . The name " po lyunsatura ted fatty aci d l i p i dos i s "  wa s 

propo sed to di sti ngu i s h  th i s  d i sease  from other fo rms of ceroi d­

l i pofusc i nos i s i n  wh i c h  these c hanges we re not observed ( Svennerho l m ,  

e t  a l . ,  1 97 5 ;  Svennerho l m ,  1976 ) .  I n  contrast other workers 

repo rted a decrease  i n  the p roport i on of 22 : 6 ( n- 3 )  i n  grey ma tter 

phospha ti dyl seri ne  i n  the i nfanti l e ,  l ate i nfanti l e ,  adu l t and 

' p i gment vari ant ' forms ( Jerv i s and Pul l a rkat , 1978 ; Pu l l arkat , et  

� . , 1982 ) , but  no c hanges in  the fatty a c i d s  of  the other 
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The fatty ac i d  compos i t i on of whol e bra i ns o f  dogs 

cero i d-l i pofusc i nos i s have a l so been a n a l ysed ( Reddy , 

No  d i ffe rences from contro l s we re noted , but 

s i gn i fi cantl y l owe r mi cro soma l a cyl transferase acti v i t i e s  we re 

reported , part i c u l a rl y  for the i nco rporati on of arach i don i c  ac i d i nto 

p hosphol i p i ds .  

Peroxi dase defi cienci es i n  ceroi d-l i pofusci nosi s .  

The report of a defi c i ency i n  l eucocyte peroxi dase i n  a pati ent 

wi th l ate i nfanti l e  cero i d-l i pofu sc i nos i s ,  and  i n  two wi th  the 

j u ven i l e  form of the d i sease ( Armstrong , et  a l . ,  197 3 )  wa s  l i n ked  to 

the putati ve l i p i d peroxi de nature of the stored l i pop i gmen t ,  and 

caused con s i derabl e  exci tement  ( Zeman , 1974 ) .  A numbe r of 

commun i cati ons  qu i c kl y  appeared , affi rmi ng a l eucocyte peroxi dase 

defi ci e ncy , or at  l ea s t  d i fferences  i n  the so l ubi l i ty of a peroxi dase , 

i n  the l ate i n fanti l e  ( Armstrong , et a l . , 1 974a ; Awa sth i , et a l . ,  

1977 ; Jen sen , et a l . ,  1977 ) ,  j u ven i l e  (Arms trong , et a l . ,  1974a ; 

C l ausen and  Jensen , 197 5 ;  Pi l z ,  et  a l . ,  1976a ; Farrel l and  Sumi , 

1977 ; Gadoth , 1978 ) , and  a du l t forms of the d i sease (Arms trong , et  

a l . ,  1974  b ;  Bozdec h ,  et  a l . ,  1 980 ) .  The  acti vi ty of a l eucocyte 

pe roxi dase  wa s a l so found to be l ow i n  Engl i s h Setter dogs affected 

wi th ceroi d- l i pofu sc i nos i s  ( Pa te l  et a l . ,  197 4 ) . Three  of  these 

reports of pe roxi dase  abnorma l i t i es i n  the ceroi d - l i pofusc i noses 

questi oned a pri mary rol e because  a mye l o-peroxi dase defi c i ency had 

a l ready been descri bed i n  l eucocytes , and wa s not associ ated wi th the 

c l i n i ca l  symptoms of  cero i d- l i pofusci nos i s ( Awa sth i , et a l . ,  1977 ; 

P i l z ,  e t  a l . ,  1976a ; Fa rrel l and  Sumi , 1977 ) .  Other reports found  

no evi dence for a pe roxi dase defi c i ency in  the  i nfanti l e  ( Anz i l ,  e t  

� . , 197 5 ;  Den Tandt  and  Ma rti n ,  1978 ; Bec ke r e t  a l . ,  197 9 )  and 

j uven i l e  ( Haust  et a l . ,  1 97 6 ;  Den Tandt and  Ma rt i n ,  1978 ; P i l z ,  et  

� . , 197 8 ;  Tsan  et  a l . ,  1 978 )  forms , and these workers rejected the  

i dea  of a peroxi dase defi c i ency . 

Other pe roxi dase acti v i t i e s  have a l so been reported as  a bnorma l i n  the 

ceroi d- l i pofusc i nose s . G l utathi one peroxi dase  acti vi ty has been 

mea sured as s i gn i fi ca n t l y  l ower i n  i nfanti l e  ( Westerma rc k and  

Sandhol m ,  1977 ; Jensen , et al . ,  1978 )  and l ate i nfanti l e  ( Jensen et  

� . , 197 8 ; We s termar k  and  Sandhol m ,  1977 ) ceroi d- l i pofusc i nosi s and  

thyroi d peroxi dase act i v i ty reported a s  l ow i n  the l ate i n fanti l e  a n d  



1 9  

j uveni l e  forms (Arms trong e t  a l . ,  197 5 ) . Peroxi dase  acti vi ty i n  t he 

ret i n a l  p i gmen t  epi thel i um of a ffected Engl i s h Setters has  been 

mon i tored over the two yea r  course of the d i sease . Reti na l  pi gment  

ep i thel i um peroxi dase  act i vi ty i nc reases wi th age  i n  norma l dogs . I t  

wa s hi gher than normal  i n  affected young dogs but  decreased wi th age  

( Arms trong et a l . ,  1978 ) . The se d i fferences in  peroxi dase  acti v i ty 

we re l i n ked  wi th d i fferences i n  the subcel l u l ar d i stri buti on of the 

enzyme ( S i a kotos et a l . ,  1 978 ) .  Acti v i ty of  pl a sma gl utathi one 

pe roxi dase  i n  these a n i ma l s fol l owed a s i mi l ar pattern of an 

apparentl y a bnormal decl i ne wi t h  age ( Farnsworth et  a l . ,  1 982 ) .  

Wo rkers who fo und g l utathi one peroxi dase l evel s to be l ow i n  the 

i nfanti l e  and l ate i nfanti l e  fo rms of the d i sease found an e l evated 

l evel  of th i s enzyme i n  the juven i l e  form ( Jensen and Cl ausen , 1982 ) . 

Peopl e wi th  juven i l e  cero i d- l i pofusci nos i s have norma l l ymphocyte and  

erythrocyte superoxi de d i smutase acti v i t i e s  ( Mark l und and P l um , 1978 ) .  

Much  of the debate a s  to the rel evance of apparent peroxi dase  

defi ci enc i e s to  the  pa thogenes i s  of  the  cero i d- l i pofusc i noses  has  

cen tred on the methodol ogy of measurement . Between 1974 and 1982  

the  requ i rements for the detecti on of l ow peroxi dase  acti v i t i e s 

n a rrowed to a stri ct  set  of  othe rwi se arbi trary cond i t i ons  and 

s u bstra tes  (Armstrong , 1982 ) .  The i s s ue became the d i stri bution  of 

the enzyme after subcel l u l a r fract i onation , rather than total  

act i v i ty ,  but no bal ance s heet of  tota l homogenate acti v i ty compared 

wi t h  the s um of acti v i t i es in the va ri ous  s ubcel l u l a r fracti ons  has  

ever  been presented . Hydrogen pe roxi de i tsel f i s  a very good 

cata lyst of the react i on measured , espec i a l l y  i n  a membrane 

s u s pen s i on . No correcti on has e ver  been made for t he ki ne t i c  

con sequences o f  assayi ng t h e  transfo rmat ion o f  l i pophil i c  s ubstra te s  

i n  membrane suspens i ons  ( Pa rry e t  a l . ,  1976 ) .  I n  s hort , these 

enzymes and  the i r enzymo l ogy have not been we l l  c haracteri sed . 

Attempts to characteri se a parti c u l a r  prote i n wi t h  peroxi dase acti v i ty 

that  i s  defi c i ent i n  t i s s ue s from pati ents affected wi th  ceroi d­

l i pofusc i nos i s have fa i l ed . I soel ectri c focu s i ng revea l ed no  

qua l i tati ve or quanti tati ve d i fferences i n  these e nzymes i n  sa l i va 

( P i l z  et  a l . ,  1976b ) , paroti d gl and  ( P i l z  and  Goebe l , 1977 ) ,  l i ver  o r  

bra i n  ( Garg et  a l . ,  1982 ) . 
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I ron and copper imbal ances i n  ceroi d-l i pofusci nosi s 

Recent  reports state that  the presence of i ron o r  copper i s  necessary 

for l i pi d pe roxi dati on to l ea d  to fl uorophors appropri ate to 

l i pofusc i n format i on ( Gutteri dge , 1984 , 1985 )  and by i mpl i cat i on to 

the fo rmat i on of the l i pop i gment i n  the cero i d- l i pofusci noses . .The se 

contra d i c t  earl i er reports of  anal ogous fl uorophor generat ion  i n  the 

absence of copper or i ron  ( Ch i o  and  Tappe l , 1 969  a ,  b ) . 

Ana l ys i s  of  meta l s  i n  l i pop i gment i so l ated from the bra i ns of  humans  

affected wi th cero i d- l i pofu s c i nos i s revea l ed coppe r ,  i ron and  cal c i um 

l eve l s above those i n  age p i gment ,  ( S i a kotas and Kop pang , 197 3 ) . 

Other wo rkers have fa i l ed to confi rm t h i s  h i gh i ron  content 

( Johan sson , et a l . ,  1984 ) . Non-prote i n-bound i ron has been reported 

a s  e l evated i n  cerebrosp i na l  fl u i d  from pati ents a ffected wi th both 

the j u ven i l e  and i nfanti l e  fo rms of  cero i d- l i pofu s c i nosi s .  Th i s  

apparent i ncreased i ron content  ha s been l i n ked to a decreased abi l i ty 

of  the  cerebrospi na l  f l u i d to i n h i b i t  hyd roxyl rad i ca l  producti on , 

a neces sary step i n  l i p i d  pe roxi dat i on ( Gutteri dge , e t  a l . ,  1982a ) .  

Tota l  i ron i n  the cerebro s p i n a l  fl u i d  of pati ents wi th  i nfanti l e  and  

j uven i l e  ceroi d- l i pofu s c i nos i s has  a l so  been reported to  be  e l evated 

( Johans son, et a l . ,  1984 ) . 

I t  h a s  been proposed that  the ra i sed i ron concentra ti ons i n  

cerebrospi na l  fl u i d  of pati ents  affected wi th cero i d- l i pofusci nos i s 

may ar i se from a defect i n  i ron metabo l i sm and l ead  to a consequent 

decrea se i n  protection aga i n s t  i ts damagi ng oxi dati ve effects  

( Gutteri dge , et  a l . ,  1983 ) . 

The chemi cal nature of the l i popigment 

Ana l yses  of the l i popi gment  i sol ated from the bra i ns of human pati ents  

wi th  ceroi d - l i pofu sci nos i s have concentrated on  the  nature of the 

fl uorophor proposed to  be res pons i bl e  for the fl uore scent prope rti es  

of  the  l i po p i gment . E ar ly  stud i e s  of  the  l i p i d  components of the 

l i pop i gmen t  d i sc l osed a h i g h l y  aci d i c  s tructure that was fl uorescent 

and d i d not mi grate in norma l phosphol i pi d  th i n  l aye r chromatography 

deve l opi ng sol vents ( S i a kotos , et a l . ,  197 2 ;  Si a kotos  and Koppang , 

197 3 ; Zeman , 1976 ) .  I ts stru cture wa s desi gnated to be the h i ghl y 

fl uore scent Sc h i ff base pol ymer consequent to l i p i d peroxi dati on 

( se e  F i g .  1 ) , because of i ts s i mi l a ri t i es in  fl uorescent and  
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c h romatograph i c  propert i e s  t o  materi a l  generated i n  i n  v i tro 

peroxi dat ion stud i e s  ( E l l eder ,  1 981 ) .  However no systemati c c hemi ca l  

c hara cteri sa t i on of  the  materi a l  deri ved from the  l i popi gment has  been 

reported . A second fl uorescent  pol ymer wa s found i n  the neutral  

l i p i ds of  l i pop i gment ( S i a kotos , et·a l . ,  197 2 ;  S i a kotos and Koppang , 

197 3; Zeman , 1976 ) .  I t  has  s u bsequent l y been des i gnated a s  

" po l yma l onal dehyde "  o n  t h e  ba s i s  of t h e  s i mi l ari t i e s of  i ts 

c h romatograph i c  and fl uoroscent  properti es  compared to � v i tro 

gene rated so ca l l ed " po l yma l ona l dehyd e "  ( Gutteri dge , et al . ,  1977 ; 

S i a kotos and �1un kres , 198 1 ; Gutteri dge , et al . ,  1982b ) . I n  t h i s 

c a se  t he structural a s s i gnmen t  i s  even more uncl ear  a s  the � v i tro 

genera ted  materi a l  has  not been adequate l y  characteri s e d .  A 

tentat i ve structure has  been proposed ( Gutteri dge , e t  a l . ,  1982b ) 

( F i g. 2 ) . Th i s  unsatura ted pol yketone i s  a h i g h ly  pol a r  structure , 

e s pec i a l ly  a s  extens i ve conj uga t i on favours the enol  tautomer .  I t  i s  

i n  effect a po l ya l cohol and  cou l d  not have the chromatograph i c  

propert i es a s cri bed to i t .  

Fi g .  2 .  Proposed  s tructure of "pol ymal on a l dehyde" 
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Other workers fa i l ed to confi rm the pre sence of the "h i gh l y  aci d i c  

po l ymer" i n  l i p i d  extracts from bra i ns o f  pati ents a ffected wi th  

cero i d- l i pofusc i nos i s .  I n s tead , a numbe r of " l i po i d  fl uorophors" 

we re found , fi ve i n  the neutra l  l i p i ds and two i n  the po l a r l i p i d s . 

Norma l bra i n  extracts conta i ned  the  same fl uorophors a l be i t  i n  l ower 

concentrat i ons a s  judged by t he extent of  the i rfl uo resce�ce ( Ga rg , et 

� . , 1 98 1 ) . 

An a l ternat i ve pol ymeri c structure has been proposed for li the 

fl uorophor" i n  the ceroi d-l i pofu sc i noses . Infra-red  s pectra and 

c hemi c a l  stud i e s  of the fl uorescent res i due l eft after ext ract i on of 

l i pop i gmen t  i so l ated from a bra i n affected wi th l ate- i nfanti l e  cero i d­

l i pofu sc i nos i s ,  suggested an  unsaturated po l yami de structure ( Wo l fe , 

et a l . , 1 976 ) .  Further a n a l ys i s u s i ng i n fra-red , n uc l ear  magneti c 

resonance and  ma s s  spectroscopy combi ned wi th pa rt i a l  base  hyd ro l ys i s  

stud i e s  l ea d  to the postu l at i on of a major  reti noyl componen t ,  

po s s i b l y  compl exed t o  a sma l l pept i de ( Wo l fe ,  et a l . ,  1977 ) .  Even  

these ana l yses and  a s s i gnments  were amb i guous . They we re qu i c k ly  

quest i oned , a s  the data were a l so compati bl e wi th a c ho l e s terol  and/or 

a ret i nol -c hol e s tero l  compl e x  ( Ne l son and Hal l ey ,  1977 ) .  

Two a ttempts at  the di rect demonstration  of peroxi d i sed  l i p i ds i n  the 

l i pop i gment  have been reported .  A part i cu l ar mod i fi cat i on and 

e l onga t i on of the Dam reacti on fo r peroxi des  wa s pos i t i ve i n  ti s sue 

paraffi n secti ons  of bra i ns from dogs affected wi th  cero i d­

l i pofu s c i no s i s ,  but the norma l Dam procedure was negat i ve ( Armstrong 

and  Koppang , 1982 ) .  Recent e l ectron  spi n resonance stud i es of 

l i pop i gment  i sol ated from dogs a ffected wi th  ceroi d- l i pofusc i nos i s 

fa i l ed to revea l  any acti ve oxygen  s pec i es , and thus  gave no  

i nd i c a t i on of a pri mary rol e fo r l i p i d  peroxi dati on i n  cero i d­

l i pofu s c i nos i s  ( V i stnes , et a l . ,  1983 ) . 

A cri ti que of the peroxi dation theory 

Desp i te the  pers i stent evocat i on of a rol e for abnorma l peroxi dati on  

i n  cero i d- l i pofu s c i nos i s ,  no ri gorous  mechan i sm for t h i s  proces s  has  

ever  been proposed . I n  add i t i on to the  confl i cti ng  reports for each  

of  the p i eces  of  evi dence a l l uded to abo ve , there a re probl ems i n  

f i tti n g  each  i nto a coherent mec ha n i sm . There i s  l i tt l e d i spute that  

t he l i popi gment i s  i n  some way re l ated to  l ysosome s , but it  i s  unc l ear  
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at  wh i c h  s tage peroxi d i sed materi a l  i s  supposed to enter  l ysosome s , or  

as  to whether the postul ated abnorma l peroxi dati on t a ke s  p l ace wi th i n 

these structure s . D i sturbances  i n  fatty a c i d  profi l e s of vari ous  

l i p i ds in  e i ther bl ood or bra i n  coul d be a consequence of perox i dati on 

e i ther  i n s i de or outsi de l ysosomes . I f  one accepts that  l eucocyte 

peroxi dases  are i nvol ved i n  protec t i on aga i nst  oxi dati ve damage , 

defi c i enc i es  wou l d  argue for the  peroxi dat i on ta ki ng p l ace wi th i n 

l ysosomes . On the other hand , gl utathi one  peroxi dase  i s  not ca 

l ysosoma l enzyme and i f  a defi c i ency of thi s enzyme i s  i nvol ved i t  

wou l d l ead to the  abnormal extra l ysosomal occurrence of perox i d ati on  

products . I f  copper and  i ron  a re central l y  i nvol ved i n  t he 

peroxi dati on reacti ons requ i red for the generation of the fl uoropho r ,  

then t h i s p roces s  wou l d ta ke p l ace i n  the na scent l i pop i gment .  On 

the other  hand , t he fa i l u re to fi nd  acti ve oxygen rad i ca l s  or  obta i n  a 

strong peroxi de sta i n i ng react i on i n  these structures s uggests that  

they wo u l d have to  be  the  fi n a l  depos i to ri es of  the  peroxi d i sed 

ma teri a l . 

Each p i ece of supporti ng  evi dence for peroxi dati on i s  a l so  open  to 

other expl anations . D i ffe rences  i n  bra i n  pho sphol i p i d  fatty ac i d 

profi l e s mi ght  be a consequence of brai n atrophy. I n  a dd i ti on these 

mol ecu l es a re not protected aga i n s t  degradat i on by freez i ng ,  and  

prol onged post-mo rtem storage coul d a l so resu l t i n  the l os s  of  

pol yun s aturated fatty ac i ds . 

Leucocyte peroxi dase  i s  not gene ra l l y  thought to be i nvol ved i n  

protect i on aga i n s t  free rad i ca l  damage i n i t i ated by acti ve oxygen  

spec i e s , rather the  oppos i te .  I ts funct ion  i s  to  s uppl y t hese 

spec i e s  for antimi crob i a l  acti v i ty via the  respi ratory burst . Some 

peop l e a re defi c i ent i n  l eucocyte peroxi dase  acti vi ty . They suffer 

some i nc reased s u scepti bi l i ty to i n fecti on but do not deve l op cero i d­

l i pofu s c i nos i s  ( Gabi g ,  1980 ) . 

The no rma l functi on of g l utath i one  peroxi dase i s  to reduce 

hydrogen pe roxi de in  erythrocytes , a vo i di ng t he non-enzyma t i c  

formati on of  methemogl obi n b u t  i t  does n o t  seem to b e  an  i mportant 

enzyme . Homozygous defi c i ency i s  common i n  Medi terranean peopl e s , 

a nd affects  30% of  peop l e of Jewi s h  ance stry ,  who l i ve wi th  no 

apparent i l l  effects ( Beutl er , 1979 ) . One of the funct i ons  of 
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l ysosome s i s  to regul ate the homeostas i s of meta l s ,  by seq uesteri ng  

exce s ses and  i n  t h i s capac i ty they are central l y  i nvol ved i n  the 

meta bo l i sm of i ron and copper ( Sternl i eb and Gol dfi s c h e r ,  197 6 ) . 

Overl oad of th i s  system has  been  o bserved i n  an i ma l s and  does not l ead 

to s l ow degenerat i ve c hanges , but to acute effects . Copper po i soned 

s heep suffe r acute centri l obu l ar  hepati c  necros i s  and a haemo l yt i c  

cri s i s ( Gooneratne et  a l . ,  1979 ) .  I ron g i ven thera peut i c a l l y  to 

p i g l ets  to prevent anaemi a prec i pi tates mas s i ve l i ve r  necros i s  i n  

those wi t h  i nadequate Vi tami n E ( Ke l l y ,  198 5 ) . 

Many of  the  cl a i med properti es  of  li the fl uorophor"  i n  the  cero i d­

l i pofu s c i noses a re the same a s  i n  v i tro oxi dati on artefacts  wh i ch can 

occur  duri ng  l i p i d  i sol ati on and c haracteri sati on . Good l i pi d 

c hemi stry requ i re s  t hat extracti ons  be performed on fre s h  t i s sue and  

s ubsequent man i pu l at i ons  carri ed  out  rap i d l y  and  wi th  the  m i n i mum 

e xpos u re to a i r ,  l i g ht and heat . Un l e s s  s uffi c i en t  care i s  ta ken , 

a rtefacts wi l l  fo rm , many of t hem h i gh l y  fl uorescent . Wor k  wi t h  

h uman deri ved l i popi gment i s  i nev i tably hampered by del ay i n herent 

wi th t i s s ue s obta i ned  at post  mortem of h uman cadavers . Under these 

c i rc ums tanc e s , auto l ys i s  and i n  v i tro oxi dati on of l i p i d s  i s  l i ke l y  to 

re su l t i n  the  format i on of artefac ts . 

Other postul ates on the pathogenesi s of the ceroi d-l i pofusci noses 

Les i ons  i n  b i ochemi ca l  pathways that  do not i nvol ve l i p i d  

pe roxi dati on , have a l so been a l l uded to a s  possi b ly  be i ng respon s i b l e  

fo r the  cero i d- l i pofu sci noses . The name " po lyunsaturated fatty ac i d  

l i p i do s i s "  wa s co i ned  for an i n fanti l e  form , based on a bnormal bra i n 

p hosphol i p i d  fatty ac i d profi l es .  A d i sturbance i n  li the  fu rther 

metabo l i sm of  arac h i don i c  aci d ll wa s proposed as the pri mary l es i on 

( Svennerho l m ,  197 6 ) . Because of the repo rted apparent s pec i fi c i ty of 

phosphol i p i d  fatty aci d c hanges i n  phosphatidylse ri ne  i n  a l l forms of  

the  d i sease , a pos s i b l e  defect i n  the  metabo l i sm of t h i s compound has  

a l so  been s uggested ( Pul l arkat et  a l . ,  1982 ) .  No  further  de l i neati on  

of  e i t her  pro pos i t i on has  been forthcomi ng , and no exp l anati on has  

ari sen for the  apparent ly  contrad i ctory nature of  these  res u l ts .  

The repo rted ret i no i d  nature of  the  fl uorophor i n  the l i pop i gment  gave 

ri se to the  hypothesi s that l ithe gene defect i n  Batten ' s  d i s ease 
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i nvol ves  a n  enzyme o r  enzymes t h a t  catabo l i se re ti no i c a c i d "  ( Wo l fe ,  

et  a l . ,  1977 ) .  Mo re recentl y a nother polyi sopreno i d ,  dol i c hol , h a s  

been reported as  a major  component o f  i sol ated cyto some s ( Wo l fe ,  e t  

� . , 1 9 8 2  a ;  N g  Yi ng Ki n ,  et  a l . ,  1983 ) and  i t  sugge s ted  t h a t  t he 

genet i c defect may be assoc i a ted wi th both  ret i nol  and  dol i chol  

metabo l i sm ( Wol fe , et a l . ,  1982a ) .  However these two compounds do not 

have a g reat  dea l in  common , be i ng trans  and c i s  i sopreno i ds 

re s pecti ve l y .  Dol i c hol l evel s i n  affected bra i n s  h a ve been reported 

as e l e va ted , as has  the dol i c hol  l evel i n  uri nary s e d i ments  ( Ng Y i ng 

Ki n ,  e t  a l . ,  198 3 ;  Ng Y i ng Ki n and  Wol fe , 198 2 ;  Wo l fe ,  et  a l . ,  1 98 3 )  

a n d  a l so i n  the cerebra l cortex of  peop l e wi th Al z h e i me r ' s  d i sease 

( Wo l fe ,  et a l . ,  1982 b ) . C hron i c  a l cohol i cs a l so h ave e l evated 

uri nary do l i c hol  l eve l s  ( Pu l l arkat and Raguthu , 1985 ) . Another group 

of wo rkers found no i nc rease i n  dol i chol in uri ne from pati ents wi t h  

ceroi d - l i pofusci nos i s  ( Bennett , et  a l . ,  1985 ) . Fi brobl asts  cu l tured  

from pati ents  affected wi th  cero i d- l i pofu sc i no s i s  s howed no  

d i fferences from norma l fi brob l a sts  i n  t he i r  i ncorpo ra t i on of acetate 

and  meval ono l actone i nto do l i c ho l , nor i n  the metabo l i sm of th i s  

compound  and  thus "no  ev i dence  wa s found to support the  hypothes i s  

that Batten ' s  d i sease  i s  due to a defect i n  dol i chol  metabo l i sm" 

( Pa ton and  Poul os , 1984 ) . Recent  stud i e s  h ave suggested that 

dol i c hyl  phosphates may be the i mportant component e l e va ted in bra i ns  

of  pati ents  wi th  cero i d- l i pofu s c i nos i s ( Ha l l and Patri c k ,  1985 ) and  i n  

affected Eng l i s h  Setters ( Ke l l e r ,  e t  a l . ,  1984 ) . The se  workers 

suggested that  the cero i d- l i pofusc i nos i s  m ight  i nvol ve a defect i n  the 

metabo l i sm of  dol i c hol - l i n ked o l i gosaccha ri des .  

Concl udi ng remarks 

Des p i te the extens i ve l i terature rev i ewed a bove , l i ttl e i s  actua l l y  

known a bout  the b i oc hemi stry o f  the ceroi d - l i pofus ci noses . None o f  

the proposed  defects i s  supported by defi n i t i ve exper imental  evi dence 

nei t her  have a ny.l l ed to an acceptab l e d i agnost ic  procedure . Thi s 

sti l l  depends  on c l i n i copathol o g i c a l  exami nati ons . Neve rthe l es s  

vari o u s  treatments to  a l l evi a te or  c u re cero i d- l i pofusc i nos i s  have 

been s uggested  and/or tri ed . 

"Ant i oxi dant  therapy" dependant on d i etary v i tamin  E s upp l ementa t i on , 

d i etary butyl ated hydroxy tol uene  and  meth i oni ne  has been admi n i ste red  
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to pati ents fo r severa l years , but  after i n i ti a l l y  favourab l e reports , 

h a s  been judged to l Ion l y  retard the progress  of the  d i sease  but not 

c u re i t "  (Zeman , 197 4 ;  Santavuori and  Westermarc k , 1984 ) . D i etary 

s e l en i um has  a l so been admi n i s tered to overcome the II g l utath i one  

perox i dase defi c i ency" . Recent ly  desfe rri oxami ne , a chel ator of free 

i ron h a s  been added to the ant i oxi dant t herapy ( We s termarc� and  

Santavuori,  1984 ) . I t  has  been s ugge s ted that a d i et l ow i n  v i tami n 

A and  carotene " . . . . .  may a rres t ,  del ay o r  prevent the  prog re s s  of  the 

d i sease " ( Wo l fe , et al . ,  1 98 1 ) ,  but there i s  no report of th i s be i ng 

tri ed . I t  i s  doubtfu l  i f  any of  these treatments a re any more 

effecti ve than that of Stenge l 's pati ents  who IIwe re moved i n  o rder 

that gob l i ns o r  whatever other c reatures  from the underworl dll were not 

a b l e to exert any power ( Stengel , 1826 ) . 

The gene t i c s  of  the d i sease , i . e .  autosoma l reces s i ve ,  s uggests 

pathogenes i s  i s  associ ated wi th  an enzyme defi ci ency , ra ther than a 

structural  prote i n  abnorma l i ty .  The various  fo rms a n d  subtypes of 

t h i s group of d i seases and the c l ose homo typi sm and homochron i sm 

between affected s i bl i ngs  s ugge s t  a n umber of mutati ons  l ea d i n g  to 

e i t her d i fferent  a l terat i on s  i n  the same protei n ,  or a l terati ons of 

d i fferen t  prote i n s wi th rel ated acti v i t i es . In other i nheri ted 

storage d i sea ses , the enzyme defi ci ency has been deduced from the 

nature of the domi nantl y stored  c hemi c a l  s pec ies  and  the same i s  true 

fo r many other enzymeopath i e s . Understand i ng has ari sen when the  

structure of  the  abnorma l l y  preva l ent  compound has  been  determi ned , 

and  po s s i b l e  enzymes respon s i b l e for i ts metabol i sm or  degradat ion  

a s s ayed fo r .  

Whatever the re l evance o f  l i pop i gment bod i es to t h e  devel opment o f  

c l i n i ca l  s i gns  i n  t h e  cero i d- l i po fusci noses , they mus t  t hemsel ves  be 

re l a ted to the un derl yi ng enzyme defect ,  yet no systemati c ana l ys i s  of 

thei r composi t i on has been reported . The domi nant l y s tored c hemi ca l  

s pe c i es i n  a s torage d i sease  i s  u sua l l y  present i n  s uc h  amounts that  

i t  c an  a l s o be detected in  t i s s ue s without  recourse to s ubce l l u l ar 

fracti ona t i on . 

Th i s thes i s descri bes method s  of  i so l at ion  and the systemati c a na l ys i s  

of l i popi gment from vari ous  t i s s ues  of s heep affected  wi t h  cero i d-

l i po fusc i nos i s .  I n  addi t i o n , a na lyses of  tota l t i s sues  a re i nc l uded . 
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Muc h  of  t h i s  work ha s been carr i ed o u t  on v i scera l o rgans , a s  the 

func t i on of t hese  i s  not appa ren tl y  a ffected by the  d i sease and the 

prob l em of  del i neati ng pri mary and  secondary changes does not ari se as 

i t  doe s wi th  bra i n  wh i c h become s severe l y  atroph i ed as the d i sease  

progresses . Because  of the h i s tori c a l  connect i o n s  o f  the cero i d­

l i pofusc i noses wi th the l ip i dose s , and t he number of  proposed defects  

i n  l ip i d  metabo l i sm outl i ned  abo ve , i n i t i a l empha s i s  wa s pl aced o n  

th i s  g roup o f  compounds . 
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CHAPTER II 

MATERIALS AND METHODS 

Ani mal s and t i s sues 

Sheep wi t h  cero i d- l i pofus c i nos i s were b red i n  an experimental  f l ock  of 

heterozygous  ewes mated to 8 - 9 mon th o l d affec ted rams . D i agnos i s  

wa s estab l i s hed by h i stopathol ogy of bra i n  b i ops i e s  at  2-4  months  of 

age ( Jo l l y ,  et a l . ,  1980 ) . Ti s s ues  we re obta i ned from affected s heep 

12  - 24 months  o l d and  c h i l l ed on i ce wi th i n  minutes of euthanasi a .  

Control  t i s s ues were obta i ned from age matched normal So uthdown or  New 

Zea l and Romney s heep husbanded under s i mi l ar cond i ti ons except that 

affected s heep were housed from 20 months  of age . 

Ce rebrospi n a l  fl ui d ( CSF ) wa s obta i ned from the c i sterna magna of  

s heep anaesthet i sed wi th sod i um th i open tone and p l aced in  l atera l 

recumbency . About 4 ml wa s obta i ned from each a n i mal . CSF sampl e s  

we re centri fuged a t  2 , 000g max for 5 mi n wi th i n  20 m i n  of  i so l a t i on . 

Measured vol umes of CSF  we re then freeze dri ed for metal ana l yses . 

lipi d extracti ons and characteri sati ons  

( a )  Tota l  l i pi ds : Al l l i pi d extracti ons were carri ed  out  a s  

q u i c k l y  a s  poss i b l e  i n  the a bsence of heat and  l i ght under a 

photograph i c  safe l i g ht  ( Koda k ,  Wratten Seri e s  fi l ter OB ) on  fre s h  

t i s s ues or  l i popi gment  i so l a ted from fres h  t i ssue . L i p i d s  were 

extracted from l i ver , k i dney and panc reas  by a mod i fi ed B l i g h  and  Dyer 

procedure ( Pa l mer , 197 1 ) .  They were e xtracted from i so l a ted  

l i popi gments and  grey matter d i s sected from the  cerebra l cortex , by 

the method of  Fol ch e t  a l . ( 1957 ) .  Un l ess  otherwi se  sta ted  the 

extraction  so l ven ts used in  both procedures conta i ned  0 . 05%  w/v 

butyl ated hyd roxy tol uene  ( BHT) . Li p i ds were ei ther s ubject to 

further man i pu l a t i on i mmed i atel y ,  or they were stored i n  the dark  

d i ssol ved i n  cyc l ohexane  and  sea l ed under  n i trogen . Tota l l i p i ds 

were quant i tated by d ryi ng to constant  we i ght i n  a desi ccato r  over 

s i l i ca gel , after extract i on wi th sol ven ts  conta i n i ng no BHT . 
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( b )  Phosphol i pi ds :  Phospho l i p i ds were separated from neutral  

l i pi ds by acetone prec i p i tat ion  of the forme r ( Kates , 1 97 2 ) . 

Phosphat i dyl ethano l ami ne , pho s phati dyl seri ne , phosphati dyl i nos i tol and  

phosphati dyl c hol i ne were separated by th i n- l ayer c h romatography ( TLC ) 

on 20 x 20 cm x 0 . 6  mm s i l i ca gel  p l ates ( type G F ,  S i gma Chemi ca l  Co . )  

i n  c h l o roform :methano l : aceti c a c i d : water ; 50 : 25 : 4 : 2* ( S k i ps ki , et  

a l . ,  1 964 ) . Al l phosphol i p i d s were detected by e i ther  sta i n i ng the  

p l ate i n  i od i ne vapo u r ,  sprayi n g  wi t h  a 1%  sol ut i on of  i od i ne ,  

quenc h i ng of  the 2 54 nm i nduced fl uorescence of the s i l i ca gel , or  

sta i n i ng wi th  a mod i fi ed Di ttme r- Les ter spray ( Va s kovs ky and  

Ko stets ky ,  1968 ) . Phosphati dyl c hol i ne and  sphi ngomye l i n  were 

sel ecti ve l y  detected by thei r reacti on to Dragendo rff ' s  reagent 

( Bregoff , et  a l . ,  1953 ) and  phospha t i dyl seri ne and phosphat i dyl ­

ethano l ami ne  by the i r  sel ecti ve sta i n i ng wi th  a sol uti on of 0 . 2% 

n i nhydri n i n  n -butanol  saturated wi t h  wa ter ,  and subsequent  warm ing  of  

the  TLC  p l ate . B i s ( monoacyl g l yce ryl ) phosphate [ ( MAG ) 2P] wa s 

characteri sed  by two d i men s i ona l TLC . The devel op i ng  so l vents we re 

c h l orofo rm : me thanol : aceti c ac i d : wa te r ;  50 : 25 : 4 : 2  and t hen  

c h l orofo rm : me thanol : ammon i a : water ; 6 5 : 20 : 2 : 2  (Wherret and  Hutere r ,  

197 2 ) . ( MAG ) 2P was s ubsequen t l y  separated from the other 

phosphol i p i ds by TLC in  ch l orofo rm : me thanol : ammon i a : wa ter ; 6 5 : 20 : 2 : 2  

( Joutti et  a l . ,  1 976 ) .  Phosphol i p i ds were quanti tated by the method 

of Rahej a et a l . ( 197 3 ) , after TLC separat i on .  

( c )  Neutra l  l ipi ds : Neutra l l i p i ds were separated by TLC on 

" Ba ker-fl e x "  s i l i ca gel I B- F  p l a tes  ( J . T . Baker & Co . ) ,  devel oped i n  

n- hexane : ether : aceti c ac i d ;  80 : 20 : 1 ,  and stai ned wi th  i od i ne vapo u r .  

I n d i v i du a l  components were i denti f ied  by co-chromatography o f  

standard s .  An i sa l dehyde sta i ned  for i soprenoi ds ( McSweeney ,  196 5 )  

and' fe rri c c h l ori de fo r c hol este ro l  a n d  cho l e s teryl e s ters  ( Lowry , 

1968 ) . Ret i nol  and  reti nyl e s ters we re i dent i f i ed by t he i r 

fl uorescence and  quanti tated co l ounmetri ca l l y  usi ng tri c ho l o raceti c 

ac i d  i n  c h l oroform ( Bayfi el d ,  1 97 5 ) . Th i s  reagent wa s a l so u sed a s  a 

spray-on s ta i n  for TLC pl ates . Chol e stero l , dol i chol  a n d  u b i qu i none 

were a l so c ha racteri sed by normal  phase  h i gh-pe rformance l i q u i d 

chromatography ( HPLC ) on a cyanopropyl col umn e l uted wi t h  0 . 1% 

* Al l so l vent rat i os gi ven i n  t h i s  thes i s a re vol ume to vol ume . 
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i sopropanol  in hexane ( Pa l mer  et  a l . ,  1984 ) . The c ha i n l engths 01 

dol i chol  were e stab l i shed by reve rse phase HPLC on a C 18 col umn ( Ng  

Yi ng  Ki n e t  a l . ,  1 983 ) . Prepara t i ve TLC  on 20  x 20 cm x 0 . 6  mm 

pl ates devel oped i n  n- hexane : ether : acet i c  ac i d ;  80 : 20 : 1 ,  or benzene , 

wa s used  to i so l ate i ndi vi dua l  neutra l l i p i ds that we re detected by 

sta i n i ng a s i de band wi th 1%  i od i ne  i n  ch l oroform . 

( d ) Methano l ys i s  of bands  1 and  2 :  The l i p i ds d e s i gnated a s  

bands 1 and  2 ( F i g . 3 ,  Chapter I I I )  were separated from 20 mg of 

l i pop i gment  neutra l  l i pi ds by preparati ve TLC deve l o ped  wi th benzene . 

The s i l i ca gel conta i n i ng them wa s i ncubated wi th 2 ml of  2M sodi um 

methoxi de i n  8 ml  of benzene at 20°C for 45 mi n ,  neutra l i sed wi th  HC1 , 

5 ml of water added , and the top l ayer ta ken and ana l ysed by TLC and  

HPLC a s  descri bed . 

( e ) NMR : IH and  13C NMR s pe ctra were recorded a s  CDC1 3 so l ut i ons  

at  32°C in  5mm tubes on a Vari an  C FT 20 s pectrometer , operati ng a t  80 

MHz for IH and 20 MHz for 1 3C observat i  ons . Tetrame"thyl s i 1 ane ( TMS ) 
was used  a s  an i nterna l standard . 

Preparati on and analys i s  of fatty aci d methyl esters 

( a ) Tran smethyl ati on : Fatty ac i d composi t ions  were obta i ned by 

ga s- l i qu i d chromatography of the  fatty ac i d methyl e s te rs formed by 

tran smethyl at ion of the parent  compounds  separated by TLC a s  

de scri bed a bove . S i de bands  o f  t h e  devel oped TLC p l a te s  were 

sta i ned wi th  i od i ne to i denti fy the  appropri ate l i p i d  and  the s i l i ca 

gel conta i n i ng that compound s c raped from the re st of the p l ate . 

Fatty ac i d methyl esters were prepared from phosphat i dyl ethanol ami ne , 

phosphati dyl seri ne , phosphati dyl i no s i to l , phosphati dyl chol i ne and  

tri g l yceri des  by i ncubati on of  the s i l i ca gel  conta i n i ng them i n  7 . 5  

ml of 0 . 5 M sod i um methoxi de a t  20°C  for 30 mi n ,  and  extracted wi th  

7 . 5  m l  of n-hexane . Fatty a c i d  methyl esters were prepa red from 

( r-1AG ) 2P by refl u x  of the s i l i ca gel  conta i n i ng i t  i n  7 . 5ml of 2% 

H2S04 i n  methanol  for 2h , and  extrac ted wi th 7 . 5ml of n- hexane . Free 

fatty ac i d s  and do l i cho l  were i so l a ted together by prepara t i ve TLC . 

The fatty ac i ds  were methyl ated wi t h  fresh l y  d i sti l l ed  e thereal boron 

tri fl uori de ( Morri son and Smi t h , 1964 ) and the resu l tant  fatty a c i d  

methyl e s ters i so l ated by preparati ve TLC . 
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( b )  Gas- l iqu i d c hromatographY: The extracted methyl esters were 

ana l ysed by ga s l i qu i d  chromatography on a S i l ar 7 - CP s upport coated 

open tubu l ar  g l a s s  col umn , 50m x 0 . 5mm i nterna l  d i ameter ,  ( Sc i enti fi c 

Gl a s s  Engi neeri ng  Pty . ltd . [ S . G . E] , North Mel bourne , Austra l i a )  i n  a 

Vari an  1440 Ae rograph ( Vari an ,  Wa l nut Cree k ,  Cal i f . ) converted to 

capi l l ary col umn use wi th an  S . G . E .  Un i jec to r .  The col umn 

tempe rature wa s 170° C ,  the i njector temperature 200° C  and  the detector 

tempe rature 250°C . The gas  ( N2 ) fl ow rate through the col umn wa s 2 . 5 

ml /mi n .  The fa tty ac i d  esters were detected wi th a Vari an  fl ame 

i on i sat i on detector and  quanti tated by the product of pea k he i ght  and  

retent i on t ime ( Ca rrol l ,  196 1 ) . 

( c )  Equ i va l ent  cha i n  l engths : Equ i va l ent  cha i n  l engths ( EC ls ) 

were ca l cu l ated from the  rel at i ve retent i o n  t imes of  16 : 0  and 18 : 0  

methyl esters by the  fo l l owi ng equati on 

a ( lo g  Rx - logRn ) 
ECl = + n 

log Rn+a - log Rn 

where R = retenti on t ime 

n = the number of carbons i n  one reference fatty 

a c i d  

n + a = the number of carbons i n  the other reference 

fatty a c i d  

x = t he fatty ac i d  of un known structure 

Tentati ve a s s i gnments  were made by the compa ri son of ECls wi th 

tabu l ated val ues ( Jami e son , 197 5 ;  Ac kman and Eaton , 1978 ) .  

( d )  Argentati on c hromatography: Sel ected samp l e s  of  fatty ac i d 

methyl ester mi xtu res  were separated i nto c l a sses dependent on the  

number and nature of the i r  doubl e bonds by a rgentati on TlC ( Mo rri s ,  

1966 ) . Fatty ac i d methyl esters were sepa ra ted on 25  x 10 cm x 0 . 6  

mm s i l i ca gel TlC p l ates  i mpregnated wi th  14% w/w s i l ve r  n i trate , 

devel oped i n  n- hexane : ethe r ;  9 : 1 ,  and v i s u a l i sed by s prayi ng the  

pl ates wi th 0 . 2% 2 1 7 1  d i ch l orofl uorescei n i n  ethanol , and  expo s u re to 
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254  nm u l tra v i o l e t  l i ght . Fatty ac i d methyl esters s howed a s  yel l ow 

bands  aga i ns t  a dark  red bac kground . The s i l i ca gel  conta i n i ng the  

fatty ac i d  methyl e s ters wa s scraped from t he pl ate , su spended i n  8 ml 

of 1% sodi um c h l ori de i n  methano l : wa ter ; 7 : 3 ,  and  extracted twi ce  

wi th 4 ml of n-hexane . The reg i ons on the TLC p l a te between the 

obvi ous bands we re a l so extracted i n  the  same way .  

( e )  Hydrogenati on : Fatty aci d methyl esters prepared from a n  

i so l ated phospho l i p i d  o r  from parti cu l ar  argenta t i on bands were 

d i sso l ved i n  2 ml of methanol  i n  a g l a s s  centri fuge tube and 100 mg of 

act i vated pa l l a d i um on cha rcoal  added . The tube wa s pl aced i n  a Parr 

bomb hyd rogenator , purged fi ve t imes wi th  hydrogen  and  then s h a ken  

under 40  pounds  per  square i nch of hyd rogen fo r 3 h .  Methanol  wa s 

then added to ma ke a fi na l  vol ume of 5 ml and  the fatty ac i d  methyl 

esters extracted twi ce wi t h  3 ml of n- hexane . 

I sol ation and characteri sation of l i popi gment bodi es from l i ver  usi ng 

pronase 

( a )  I sol ati on : The i so l a t i on of l i pop i gment bod i es commen ced  

wi th i n  1 h of euthana s i a .  A l l procedure s  were carri ed out  i n  

da rkness  o r  under a photograph i c  safel i ght  ( Kodak , Wratten Seri e s  

fi l ter OB ) .  L i ve r , 100g , wa s homogeri i sed i n  200 m l  of  i ce-col d 

buffer ( 0 . 8M s u c rose , 10mM KC 1 , 50mM Tri s ,  10mM 2-me rcaptoethanol , 1mM 

EDTA , pH 7 . 5 ) for 2 mi n i n  a Sorva l l  Omn i mi xe r  ( I van Sorva l l  I nc . ) ,  

fi l tered through  gauze , made up  to 500 ml wi th  buffer and  centri fuged 

at  27 , 500g max x 30 mi n at  4°C , i n  a GSA rotor on a Sorval  RC- 5  

centri fuge . The pe l l et wa s resuspended i n  2 0  ml o f  2 M  s ucrose  and  

centri fuged a s  a bove . The  re su l tant pel l et was t hen  resu spended i n  

1 50 ml of water and  1 50 mg of pronase a dded . The pH wa s adj uste d  to 

7 . 5  wi th Tri s base  and the mi xtu re i ncubated wi th sti rri ng at  room 

temperature for 60 mi n ,  after wh i c h i t  wa s f i l tered through g l a s s  

woo l . The s pe c i fi c  gravi ty o f  t h e  fi l trate wa s adjusted t o  1 . 18 by 

the add i t i on of  CsC l , and 2-me rcaptoethanol  added to 10mM . The 

l i popi gment bod i e s were pe l l eted by centri fugation at  48 , 000g max x 90 

mi n at  4°C in  a n  SS- 34  rotor .  

( b )  Mi croscopy :  Sampl e s  were suspended i n  gl ycero l for i mmedi ate  

fl uorescence mi c ro scopy , o r  fi xed in  2% g l utaral de hyde and 3%  

paraforma l dehyde i n  O . lM phosphate buffer , pH  7 . 2 ,  and  further 
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prepared for transmi s s i on e l ec tronmi croscopy by standa rd tec hni ques  

( Jol l y  et  a l . ,  1980 ) . The rema i nde r was res uspended i n  145  mM NaC l  

for i mmed i ate  l i p i d  extracti on . 

( c )  Dens i t i e s : The i sopyc n i c  dens i ty of the l i pop i gment  bod i e s  

wa s determi ned  by centri fugati on o n  CsCl  gra d i ents ( 0 . 64- 3 . 38M ) and  

s ucrose gra d i ents ( 0 . 8- 1 . 8M )  a t  7 0 , 000g max  x 14h a t  4°C , i n  a 

Bec kmanc SW 25 . 1  rotor .  

( d )  Fl uorescence o f  l ipopigment l ipi d s : Li p i d  extracti ons o f  

l i popi gment bodi e s , and  extracti ons  o f  control a n d  affec ted  tota l 

l i ver  l i p i ds were carri ed out a s  q u i c k l y  a s  poss i b l e  i n  the  absence of 

BHT . The fl uore s cent spectra of the  l ower ch l oroform phases  of  these 

extract i ons  were determi ned on an  SP F- 500 rat i o  spectrofl uorometer 

( Ameri can  I n struments  Co . ) .  A l i q uots were d i l uted wi th  

c h l oroform : methanol ; 2 : 1  to  g i ve s i mi l a r maxi mum emi s s i on i ntens i ti es , 

that we re l i nearl y rel ated to concen trat ion . The we i ght of  l i pi d 

necessary fo r thi s i ntens i ty wa s determi ned by dryi ng i t  to cons tant  

wei ght . 

A l i quots of  

l oaded onto 

l i pi d/cm . 

the c h l oroform phases  of the l i p i d extracti ons  were a l so 

a 20 x 20cm x 0 . 6mm s i l i ca gel  TLC pl ate a t  2mg of 

The p l ate wa s deve l oped to 5cm i n  ch l oroform : methano l ; 

1 : 1 ,  a l l owed to d ry ,  devel oped to 10cm i n  ether : aceti c ac i d ;  99 : 1 ,  

a l l owed to d ry ,  devel oped to 20cm i n  n-hexane : ether : acet i c  a c i d ;  

80 : 20 : 1 ,  and  a l l owed to dry .  I t  wa s then i rrad i ated a t  350 nm and  

the fl uore sc ence photographed through  a ye l l ow fi l te r  on E ktachrome 6 4  

ASA fi l m .  The p l ate wa s then sta i ned  wi th  i odi ne vapo u r .  Al l 

opera t i on s  were c a rri ed out a s  q u i c k l y  a s  pos s i b l e  i n  darkne ss  o r  

under the  photogra ph i c  safe l i ght . 

( e )  Dete rmi nat ion of the non- l ipi d content of l ipopigment bod i e s : 

The dry we i g hts of  the l i popi gmen t  bodi es , the  wei ghts  of  the l i p i ds 

and  the we i g hts of  the i nsol ub l e res i dues  after l i pi d extra ct ions  of  

l i popi gment  bodi e s , carried  out  i n  the absence  of BHT , we re dete rmi ned 

by dryi ng  to cons tant wei ght i n  a de s i ccator over s i l i ca gel . 

Prote i n  determi nati ons were carri ed out on  a l i quots of  the  l i pop i gment  

bod i e s  by the  method of Lowry et  a l  ( 19 5 1 ) u s i ng bovi ne s erum a l bumi n 

a s  a s tandard . 
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( a )  I so l at ion  from l i ver or k i dney : L i ver or k i dney cortex , " 40g , 

wa s ri nsed wi th 0 . 145  M NaCl  and  homogen i sed i n  400 ml of i ce - co l d 

buffer ( O . 25M s ucrose , 25mM KC 1 , 50 mM Tri sHC 1 , 5mM MgC 1 2 , 10 mM 2-

me rcaptoethanol ,  pH  7 . 4 ) for 1 mi n i n  a Sorva l l  Omn i mi xe r ( I van  

Sorva l l I nc . ) .  The  homogenate was fi l tered through gauze , 

centri fuged i n  a 50rva l l  GLC- 1 centri fuge for 10 mi n at  70g max , and  

the supernatant centri fuged fo r 20 mi n a t  1 , 400g max .  The resu l tant  

pe l l et wa s res u s pended in  100 m l  of  0 . 4 mM Tri s HC1 , pH 7 . 4 , son i cated  

fo r 1 mi n and  centri fuged a t  1 , 400g max  fo r 20 mi n .  The pe l l et wa s 

then re suspended i n  1 20 ml of water and  fi l tered through g l ass  woo l . 

Li popi gment bod i e s were harves ted from the f i l trate by centri fuga t i o n  

a t  5 , 900g max for 2 0  mi n .  A l l operati ons  we re ca rri ed o u t  a t  4° C .  

( b )  I sol at ion  from panc reas : Li popi gment  bod i e s  were prepared  

from pancrea s ,  20g , i n  the same way as from l i ver and  ki dney , except 

that a l l centri fugat i ons were for 30 mi n and  the f i n a l  harve s ti ng 

centri fugat i on was a t  2 ,800g max for 30 mi n .  

( c )  I sol at i on from bra i n :  Grey matter , 25g , wa s homogen i sed  i n  

2 50 ml of 0 . 4  mM Tri s HC1 , pH  7 . 4  for 2 mi n i n  a Sorva l l omn i mi xe r , 

fi l tered through  gauze , soni cated  for 2 mi n and centri fuged a t  5 , 900g 

max for 10 mi n i n  an 5534 rotor on a Sorva l l  RC- 5 centri fuge . The 

pe l l et wa s res u spended in 200 ml of the a bove buffer , soni ca ted aga i n  

and  the s pec i fi c  gravi ty o f  the suspen s i on rai sed to 1 . 1 5 by the 

add i t i on of CsC l  to 17 . 5% w/w . Thi s s u s pen s i on wa s then centri fuged 

a t  1 2 , 100g max for 30 mi n .  The pel l et was re suspended i n  50 ml of  

0 . 145M NaCl , a n d  fi l tered through gl a s s  woo l . The l i pop i gmen t  bod i es 

were harvested by centri fugat i on i n  a 50rval l  GC- 1 centri fuge a t  

1 , 400g max for 3 0  mi n .  A l l operati on s  were carri ed o u t  at  4 °C . 

( d )  Characteri sati on : Fl uorescent mi croscopy and  e l ectron 

mi croscopy wa s carri ed out as descri bed for l i ve r  l i pop i gment  i so l a ted 

wi th the use of  pronase . I sol ated l i pop i gment bod i e s  were s uspended 

i n  water and  prote i n  determi ned us i ng bov i ne serum a l bumi n as  a 

s tandard ( Lowry et  a l . ,  1 9 5 1 ) .  A l i quots were immed i ate l y  ta ken for the 
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a n a l yses o f  the l i pop i gment  components o r  stored frozen un ti l used . 

( e )  I n h i b i ti on of lysosoma l proteases : I n  orde r to i n h i bi t  the 

potenti a l  acti v i t i e s  of  l ys osoma l seri ne and th i ol proteases , 5 mM 

phenyl methane su l phonyl fl uori de and  2 . 5  mM i odoacetate were added to 

the 0 . 4 mM Tri s buffer used  i n  the i sol at ion  of l i ver  l i po p i gmen t  

bod i es . After son i cat i on the  s u spen s i on was l eft t o  stand a t  4°C  for 

20 mi n ,  pri or  to g l a s s  woo l  fi l trat i on . Li ver l i popi gme.nt  bod i e s  

were a l s o  prepared i n  the p resence , and the absence , o f  1 0  mM EOTA and  

10  mM 2-merca ptoethanol  to  determi ne the pos s i b l e  effects of metal  

dependent and  t h i o l  act i vated protea ses . 

( f ) Quanti tati ve ana lyses  of l ipopigment components : The 

proport i ons  of prote i n  and l i p i d  i n  the l i pop i gmen t bod i es were 

dete rmi ned  a s  descri bed above , except that the  tota l l i pop i gment mas s  

wa s dete rmi ned by the s um o f  the l i p i d  ma ss , the i n sol u b l e  res i due , 

and  the non-vol ati l e  res i due of the upper phase  of the l i p i d  

extract i on . Chol estero l , dol i c hol and ubi q u i none l eve l s we re 

determi ned  by q uanti tati ve norma l phase HPLC on a cyanopropyl col umn 

e l u ted wi th 0 . 1% i sopropano l  i n  hexane , a method devel oped duri ng the 

course of  th i s  wo rk for th i s  purpose ( Pa l mer  et  a l . ,  1984 ) . 

( g )  Quanti tati ve ami no ac i d  analyses : L i popi gment bod i es were 

del i p i dated wi th  n- butanol  ( Mecham and Mohammad , 1 9 5 5 )  and  hydro l ysed 

i n  vacuo in 6 M HCl at  1 10°C  for 16h . The re sul tant ami no aci ds  we re 

ana l ysed on a Bec kman 1 19 BL ami no ac i d ana l yser .  

Sodi um dodecyl sul phate polyacryl ami de gel el ectrophoresi s  (SDS­

PAGE ) 

( a )  SOS-PAGE : SOS- 1 5% pol yacryl ami de gel s ,  1 . 5 mm x 10  cm x 1 6  

cm , were prepared i n  a Pro tean D u a l  Sl ab  Cel l ( Bi o- Rad , Ri c hmond , Ca ) 

by the method of Laemml i ( 197 0 ) , except that the ' b i sacryl ami de to 

a c ryl ami de rati o  was 1 : 29 w/w i nstead of 1 : 37 . 5  w/w , and 10% w/w 

sucrose wa s added to the  mai n  gel . Fresh l y prepared 50 �l samp l e s  

contai n i ng the appropri ate amount of  prote i n were l oaded t o  each l ane  

of the  gel . 
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Fresh  o r  once frozen l i popi gment bod i es and total homogenates we re 

d i ssol ved i n  a fresh  so l uti on of 1% w/v SDS and  5% v/v 2-

mercaptoethanol  at a concentra t i on of 2mg of prote i n/ml . A l i quots 

were d i l u ted wi th water and a bo i l ed sol uti on of g l ycero l  and 

bromophenol  b l ue to a fi na l  concentra t i on of  1 2% g l ycerol and  6 �g/ml 

of bromo phenol  bl ue ; and  so that 50 �l conta i ned 10 �g of l i pop i gment 

prote i n  o r  30 �g of total  honmogenate prote i n .  Samp l e s  we re not 

heated a t  any stage . El ectrophore s i s wa s ca rri ed out  a t  constant 

cu rrent , 8mA , at  4° C ,  unti l the bromop henol b l ue reached the bottom of 

the gel , i n  approxi mate ly  17 h .  

Mo l ecul a r  we i ghts of  prote i ns we re determi ned by the compa ri son of 

thei r mi g ra t i on rates wi th those of  mo l ecu l ar we i ght standards . 

( b )  S i l ve r  sta i n s : Ge l s  we re fi xed for Ih i n  1 2% w/v 

tri c h l o roacet i c ac i d  and  then s i l ve r  s ta i ned wi th B i o- Rad  s i l ver  s ta i n  

ki t ( Cat . No . 161- 0443 ) , accord i n g  to the i nstructi ons . They were 

then wa s hed wi th l L  of 3 . 5% v/v acet i c  aci d fo r 1 h and  then 300 ml of  

a fresh l y p re pared saturated so l ut i on of sodi um d i ethyl d i th i ocarbamate 

for a further Ih . The l atter wa s removed by wa sh i ng fi ve t imes wi th 

lL  of water for 20 mi n .  The gel s we re then further wa shed  wi th 200 

ml of 0 . 25%  w/v s i l ver n i trate so l ut i on for 30 mi n ,  ri nsed  wi th 400 ml 

of water and devel oped wi th three sequenti a l  a l i quots of  the Bi o-Rad  

s i l ver s ta i n  k it  deve l ope r .  The  fi rst deve l opment  wa s for 1 mi n ,  the  

second for  5 m i n  and  the  th i rd unt i l the  des i red sta i n i ng i ntens i ty 

wa s reac hed . The sta i n i ng reacti on wa s s topped by wa s h i ng the gel  

wi th 400  ml o f  5% v/v aceti c ac i d fo r 5 mi n .  Gel s were then  kept i n  

water o r  mo i s t i n  a i r-t i ght bag s . A l l steps after the add i t i on of the 

s i l ver  n i trate sol uti on were carri ed out under a photogra ph i c  

safel i ght  ( Ko da k ,  Wratten Seri e s  fi l ter OB ) .  Thi s sta i n i ng was a l s o  

obta i ne d  wi t h  a s i ng l e s i l ver n i trate was h  by add i ng a 

d i ethyl d i th i ocarbamate wa sh  as  a bo ve after the oxi d i ser  was h  i n  the 

Bi o- Rad  s i l ve r  sta i n  kit method , and  thorough ly  removi ng i t  wi th water 

before proceed i n g  wi th  the res t  of t he Bi o-Rad s i l ver  s ta i n  method . 

( c )  Other sta i ns :  Gel s were a l so sta i ned for prote i n wi th  0 . 05% 

Coomas s i e  Bri l l i an t  B l ue R i n  methanol : aceti c ac i d : wa te r ; 10 : 7 : 83 v/v 

for 30 mi n ,  and  wi th ami do bl a c k  ( Wi l son , 197 9 ) . G l ycoprote i ns were 

sta i ned for by the peri odi c  Sc h i ff react i on ( Gordon , 1 97 5 )  and  
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To l u i d i ne Bl ue  wa s used a s  an  RNA sta i n  ( Drysda l e  and  Ri ghetti , 1972 ) . 

Protease di gestion of l i popi gment bodies 

Li popi gment bodi es from a l l the t i s s ues  we re i ncubated at  5mg o f  

protei n/ml i n  1 0 0  m M  Tri s ,  1 0 0  mM EDTA , 1%  SDS , pH 7 . 5  a n d  1 mg/ml 

nuc l ease  free protease at 37 °C  fo r 105  mi n .  A fu rther 1 mg/ml 

a l i q uot of protease  wa s then added and  the i ncubati on cont i nued fo r a 

further 90 mi n .  Samp l e s  of  the i nc u bates  we re then subjected to SDS­

PAGE . 

Metal anal yses 

Freeze dri ed  a l i quots of the l i popi gment t hat had been wa s hed 2x wi th 

dei oni sed water we re wei ghed to ±0 . 02mg . Each samp l e we i ghed 5- 40mg . 

They were then a shed i n  boro s i l i cate test tubes at 500°C for 16h . 

The ash  wa s d i s so l ved i n  a mea s ured vol ume , 4-8ml , of a 2M so l ut i on of 

red i sti l l ed a n a l yt i ca l  g rade concen trated hydrochl o ri c  ac i d and  mu l ti ­

el ement ana l ys i s  c arri ed out o n  an App l i ed Researc h  Laboratori e s  

pl asma emi s s i on s pectrometer .  Copper l evel s i n  se l ected sol ut i ons  

were chec ked  on  an  I nstrumentation Labo ratory IL  457 a tomi c absorpti on 

spectrophotomete r .  Tota l  control and a ffected ti s sues , 1 - 2g wet 

we i ght , were a l so freeze dri ed ,  we i ghed and  the i r  metal  contents 

ana lysed . The metal contents  of known vol ume s of freeze d ri ed  CSF 

were ana lysed  i n  the same way . 

Chemi cal s 

Type GF  s i l i ca gel  for TLC , type I V  ret i nyl pa l mi tate , u b i q u i none 50 , 

grade I I  porc i ne dol i chol , chromatography standard grade c ho l e s terol , 

l i no l en i c  ac i d ,  2-mercaptoethanol , Cooma s s i e  Bri l l i ant  Bl ue R- 250 , 

phenyl methanesu l p honyl fl uori de and  s od i um acetate were obta i ned  from 

Si gma ( St . Lou i s ,  Mo . ) . Mo l ecu l ar  we i ght  standards were obta i ne d  

from Si gma ( Ki t No . MW- SDS 7 0  L ) , a nd  a l so by the c l eavage of  S i gma 

Type 1 equ i ne s ke l etal mus c l e  myogl o b i n  wi th cyanogen bromi de , by a 

previ o us l y  descri bed method ( Edmundson , 1 963 ) . Pronase Cat . No . 

53702 , acti v i ty 4 5 , 000 PUK/g , and nuc l ea se-free protease  ( Pronase  Cat .  

No . 537 088 ) were obta i ned from Cal b i oc hem-Behri ng ( La Jol l a ,  Ca . ) . 

Synthet i c  c rysta l l i ne v i tami n A a l cohol  was obta i ned  from Koc h - L i ght 
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Labo ra to ri es ( Co l nbroo k ,  S l ough , Berks . ,  Engl and ) .  BHT  and 45%  bo ron 

tri fl uori de d i ethyl etherate were obta i ned  from BOH ( Pool e ,  Eng l a nd ) . 

Al l chemi cal s requ i red for PAGE and s ubs equent s i l ve r  stai n i ng were 

obta i ned  from B io-Rad  ( Ri c hmond , Ca . ) ,  except for SOS , sucrose , sodi um 

d i ethyl d i th i ocarbamate and  tri c h l oroace t i c  a c i d  that we re a l so 

obta i ned  from BOH and s i l ver  n i trate that wa s obta i ned  from the Peki ng 

Chemi c a l  Co . ( Ch i na ) . A l l water wa s fi l te red through  a Mi l l i - Q 

Reagent water system and  a Mi l l i sta k GS fi l ter ( Mi l l i po re Corp . 

Bedford , Ma . )  so that i t  had a mi n i mum res i stance of 10  M ohms/em . 

A l l other reagents were a na l yt i cal  g rade and a l l so l vents were doubl e 

d i sti l l ed .  
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CHAPTER I I I  

NEUTRAL LI PIDS, PHOSPHOLIPIDS AND FATTY ACI DS IN LIVER AND BRAIN 

I ntroduction 

The mo rphol og i ca l  a ppearance and  sta i n i ng characte ri s t i c s  of the 

l i popi gment  i ndi cate a l i po i d  natu re . Th i s has l ed to the 

deve l o pmen t  of  the various  hypothe ses  on pathogen i c  mechan i sms 

outl i ne d  i n  Chapter I ,  i nvol v i ng  d i fferent a s pects of l i p i d  

metabo l i sm .  Each i s  supported by reported d i fferences i n  t he l evel s 

of  certa i n  l i pi ds between control and  affected bra i ns . As  l i ve r  i s  a 

major o rgan i n  l i p i d  metabo l i sm i t  s houl d be a sen s i t i ve i nd i ca to r  of 

any l i p i d  re l ated metabo l i c  defec t .  Accord i ngly tota l affected and  

control l i ve r  l i p i ds were ana l ysed a s  we l l a s  those of  control  and  

affected bra i ns . 

Because  of t he h i s tori ca l  emph a s i s p l aced on polyunsaturated fatty 

a c i d s , and  because  polyunsaturated fatty ac i ds wou l d  be the spec i e s  

l ost t o  l i p i d  pe roxi dati on , part i c u l ar emphas i s wa s p l aced o n  these 

mol ecu l es . Rumi nants have a very restri cted pol yunsaturated fatty 

ac i d  s uppl y and a ny l os s  of po l yunsatu rated fatty ac i d s  wou l d be more 

cri t i ca l  i n  sheep than i n  humans  and  cou l d be expected to have more 

drast i c con sequence s .  

Resul ts 

( a )  L i ver total  l ipi d contents : No s i gn i fi cant  d i fference wa s 

found i n  the  yi e l d  of l i p i d  extrac ted from control o r  affected l i ve r ,  

nor i n  the propo rti ons of neutra l  and phosphol i p i ds ( Tab l e 2 ) . 

Tota l l i ve r  l i p i ds were a l so  extracted wi th  BHT i nc l uded i n  the 

extracti on sol vent , d i v i ded i nto neutra l and phospho l i p i ds by acetone 

preC i p i ta t i on of  the l atter , and the i nd i v i dual  l i p i d c l a s ses  

anal ysed . 
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Tabl e 2 

Total Li ver Li pids 

The we i g ht of l i p i d  ext rac ted from l i ve r  in mg/g wet we i g ht of  t i s s ue 

± the standard error of the mean wi th the  number of experiments  i n  

parenthes i s .  

Contra 1 1 i ver  

Affected l i ve r  

L i pi d extr.acted 

28 . 5 ± 2 .  7 3  ( 8 )  

27 . 9  ± 3 . 63 ( 10 )  

7 2 . 6 ± 2 . 56 ( 6 )  

7 3 . 6 ± 2 . 2 3 ( 6 )  

Fi g .  3 .  TLC of neutra l  l i pids . TLC of ( A )  contro l  l i ver  ( B )  i so l a ted 

l i popi gment and ( C )  a ffected l i ver neutra l l i p i ds deve l oped i n  n­

hexane : e ther : aceti c ac i c ; 80 : 20 : 1 ,  and  sta i ned w i t h  i od i ne .  The 

i so l ated l i pop i gment  neutra l  l i pi ds d i d  not conta i n  BHT . 

A B C 

B a n d  1 

B a n d 2 

C h o l e s t e r y l  & r e t i n y l  e s t e r s  

B H T  

T r i g ! y c e r i d e s  

U b i q u i n o n e  

O o l ic h o l s  

F r e e  f a t t y  a c i d s  

C h o l e s t e r o l  & r e t i n o l  

O r i g i n  
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( b )  Neutra l l i pi d s : No qua l i tati ve or  g ross quan i ti tati ve 

d i fferences  were found i n  the d i stri buti on of spec i e s wi t h i n the 

neutra l l i p i ds when  these were separa ted by th i n  l aye r chromatography 

on s i l i ca gel  ( F i g .  3 ) . 

Reti nol  and  reti nyl esters were present i n  both contro l  and  a ffec ted 

s heep l i vers , as  i nd i c ated by the i r - s ta i n i ng propert i e s  and 

fl uore s cence . There wa s a wi de a n i ma l  to an ima l  vari a t i o n  i n  the 

as sayed l evel s of these compound s , a l l wi th i n the wi de range of va l ues  

previ ous l y  reported fo r s heep l i ver  ( Bayfi el d ,  1 97 5 )  but  no  

s i gn i fi cant  d i fference wa s found between the  mean  control and  affected 

l evel s .  

( c )  Phosphol ipi ds :  Both control and affected l i vers  conta i ned the 

same major  pho spho l i p i d  spec i es , i n  q uanti tat i ve l y  s i mi l ar amounts  

( Tabl e 3 ) . 

Tabl e 3 

li ver Phosphol i pi d  Composition 

The d i stri buti on o f  phosphol i p i d  phosphorus between the major  c l a s ses  

of phosphol i p i d  extracted from normal and affected l i ver  and  sepa rated 

by TLC expressed as the mean percent of total  phosphol i p i d  phosphorus 

± standard error of  the mean . The number of expe ri ments  i s  s hown i n  

parenthe s i s .  

Norma l 1 i ver  Affected l i ver  

Phospha t i dyl chol i ne 53 . 8  ± 4 . 1 1  ( 4 )  5 5 . 3  ± 2 . 8 1  ( 3 ) 

Phosphat i dyl i nos i to l + 

phosphat i dyl seri n e  1 1 .  4 ± 1 . 98 ( 3 )  1 1 . 0  ± 1 .  50 ( 3 ) 

Phosphat i dyl e thano l ami ne 23 . 8  ± 3 . 49 ( 4  ) 26 . 8  ± 3 . 92 ( 3 ) 

Rema i nder  10 . 6  ± 0 . 54 ( 3 ) 6 . 9  ± 5 . 80 ( 3 )  
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( d )  Fatty ac i d s : The ga s- l i qu i d chromatography techn i q ue 

descri bed gave base- l i ne separati on of most  of the fatty aci d methyl 

esters ( F i g .  4 ) . 

( i )  Fatty aci ds  of l i ver : No s i gn i fi cant d i fferences we re 

found be tween the fatty a c i d  profi l e s  of the major  contro l  and  

affected l i ver  pho sphol i p i ds , phospha t i dyl chol i ne and  

phosphati dyl ethanol ami ne ( Tabl e 4 ) . 

Trans 18 : 1 ( n- 9 ) , a component of both  phosphol i p i d s , mi g rated fa ster 

than the monounsaturated fatty a c i d s  in  a rgentati on chromatography ,  

and e l uted a s  a fa ster runn i ng  s hou l der on c i s 18 : 1 ( n- 9 ) i n  the gas  

l i qui d c h romatograms . No  other  trans  fatty aci d s  were detected . 

Traces of  i so and ante i so 17 : 0  rema i ned after hyd rogenat ion of  the 

fatty ac i d  methyl e s ters , and  e l uted a s  pa rt of 17 : 1s .  The s tructure 

of 18 : 1 ( n - 5 )  wa s a s s i gned sol e l y  on the ba s i s of i ts equ i va l ent  cha i n  

l ength . A l l other a s s i gnments we re cons i stent wi th both argenta t i o n  

a n d  hyd rogenati on data , wh i c h  d i d  not  revea l  any s i gn i fi cant  

contami n a t i on wi th other fatty ac i d methyl esters . 

There wa s a wi de a n i ma l  to a n i ma l  vari at i on i n  the fatty ac i d profi l es 

of both control and  affected l i ver  tri g l yceri des , but no s i gn i fi cant  

d i fferences  ( Student ' s  t te st ) between the mean va l ues  from fou r  

control and  four affected an i mal s .  The overal l mean  va l ues  for the 

major fatty a c i d s  were 16 : 0 ,  17 . 6% ;  17 : 0 ,  2 . 3% ;  18 : 0 ,  17 . 4% ;  18 : 1 ( n-

9 ) , 30 . 3% ;  18 . 2 ( n- 6 ) , 6 . 4% ;  18 : 3 ( n- 3 ) , 4 . 2% ;  20 : 1 ( n-9 ) , 4 . 2% ;  

22 : 5 ( n- 3 ) ,  3 . 0% .  The l a rge n umbe r o f  mi nor components detected 

i nc l uded a l l the fat ty a c i d s  present  i n  the total t i s s ue and  

l i popi gment  phosphol i p i ds , and  add i t i ona l l y  18 : 2 ( n- 9 ) , 20 : 2 ( n-9 ) , 

22 : 2 ( n- 9 ) and  22 : 3 ( n- 6 ) . 

( i i )  Of bra i n : The fatty ac i d compo s i t i on of the major  

phosphol i p i d  c l a s ses  of  grey matte r phospha t i dyl chol i ne ,  

phosphat i dyl i nos i tol phosphati dyl seri ne and phosphati dyl ethanol ami ne 

from norma l sheep were dete rmi ned ( Tabl e 5 ) . I n  add i t i on to those 

fatty a c i d s  l i sted , 14 : 0 ,  ( 0 . 8% ) , 1 5 : 0 ,  ( 0 . 2%) , 17 : 1 ,  ( 0 . 2% ) , 18 : 3 ( n -

9 ) , ( tr )  and  18 : 4 ( n - 3 ) , ( 0 . 4% )  were found i n  phosphati dyl c ho l i ne .  

Hydrogen a t i on of the phosphol i p i d  fatty ac i d methyl e s ters revea l ed 
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Fi g . 4 .  Gas-l i quid  chromatography o f  fatty a c i d  methyl esters . 

18 : 0  

16 1) 

' 18 : 1 ( n ':9 ) 

20 : 4  ( n - 6 )  

Control l i ver 
Phosph a t i dyl ethano l amine  
fatty a c i d  methyl ' e sters . 

20 : 5  ( n - 3 )  

22 : 5  ( n':' 3 )  

20 : 2 ( n - 6 )  

:L...-:J-�--t1-20 : 3 ( n  -9 )  

4 x  a ttenuation  change' 
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T ab l e  4 
Total l i v e r  phospho l i p i d  fa t t y  acids 

Mean p e rcentage o f  fa t t y  acids by we i g h t  from p hospha t id y l c h o l i n e  and 
phospha t i d y l e thano l am i n e  from fou r  n o rma l and four a f fec ted l i v e r s .  T o  fac i l i t a te 
presen t a t ion , stand a r d  e r r o r s  a r e  om i t t e d  b u t  w i t h in each c o l umn means and s t andard 
errors were p o s i t i v e l y  r e l a ted . E s t im a t e d  chain l engths ( ECl ) a r e  the mean v a l ue o f  
2 1  de t e rm ina t i ons . S tanda r d  e r r o r s  fo r these r anged from 0 . 0 1 1  fo r 1 7 : 0  to 0 . 08 1  fo r 
22 : 6 ( n- 3 ) fa t t y ac i d s . 

Phospha t i dy l c h o l ine . .  Phospha t i d�l et hanolamine 

F a t t y  a c i d  ECl Con t ro l  A f fected C on t ro l  A f fe c t ed 

1 6 : 0  de f ined 1 4 . 2  1 1 . 6 7 . 1  5 . 7  

1 6 :  1 s 1 6 . 53 . 6  . 5  . 7  . 7  

1 7 : 0  1 7 . 01 . 8  1 . 0 1 . 0 1 . 1  

1 7 :  1 s 1 7 . 56 . 2  . 2  . 3  . 2  

1 8 : 0  de fined 2 5 . 9  26 . 3  27 . 7  32 . 2  

t rans 1 8 : 1 ( n -9 ) 1 8 . 4 2  2 . 2  4 . 0  3 . 0  2 . 9  

c i s  1 8 : 1 ( n-9 ) 1 8 . 52 1 7 . 5  1 6 . 5  1 4 . 0  1 4 . 8  

1 8 : 1 ( n-5 ) 1 8 . 80 t r  t r  . 5  . 7  

1 9 : 0  1 9 . 01 t r  t r  . 7  . 5  

1 8 : 2 ( n -6 ) 1 9 . 29 5 . 3  6 . 2  3 . 9  4 . 5  

1 8 : 3 ( n-3 ) 20 . 21 2 . 2  3 . 6  2 . 4  2 . 5  

20 : 1 ( n -9 ) 20 . 44 3 . 0  2 . 4 2 . 3  2 . 0  

20 : 2 ( n-6 ) 2 1 . 26 . 4  . 6  . 5  . 5  

20 : 3 ( n -9 ) 2 1 . 40 . 6  . 6  . 6  . 5  

20 : 3 ( n-6 ) 2 1 . 72 . 4  . 5  . 5  . 3  

20 : 4 ( n -6 ) 22 . 1 3 4 . 2  4 . 5  1 0 . 8  9 . 2  

20 : 5 ( n-3 ) 23 . 03 5 . 2  6 . 0  7 . 5  6 . 2  

2 2 : 5 ( n-3 ) 24 . 96 6 . 9  6 . 6  6 . 7  6 . 1  

22 : 6 ( n-3 ) 25 . 38 8 . 8  7 . 8  9 . 4  8 . 7  

T o t a l  p o l yunsa t u r a ted 34 . 0  3 6 . 4  4 2 . 3  3 8 . 5  



Tabl e  5 
F a t t y  a c i d s  i n  b r a i n  g r e y  m a t t e r  phospho l ip i d s  

Da t a  a r e  the mean % b y we i g h t  o f  fa t t y  a c i d s  anal ysed for 4 sheep , e xcep t fo r t h e  a f fec t ed phospha t l d y l i no s i t o l  v a l ue s  
that a r i se from 3 sheep . To fac i l i t a t e p resen t a t i on ,  means a r e  r ounded to the nea r e s t  decimal p l ace and s t an d a rd e r ro r s  
a re om i t ted . Wi t h i n  e a c h  co l umn means a n d  s tanda rd e r ro r s  were p o s i t i ve l y  r e l a t ed . Resu l t s  were a n a l ysed b y S t uden t ' s  
t t e s t . EC l s  a r e  the mean va l ue o f  37 d e t e rm ina t i ons . S t andard e r r o r s  for these r anged from 0 . 04 2  for 2 2 : 6 ( n - 3 ) to 0 . 0 1 0  
for 1 8 : 1 ( n-9 ) . 

Phospha t i d y l cho l i ne Phospha t i dy l i n o s i t o l  Phospha t  i d y l  se r ine Phospha t i dll e t hano l am i ne 

F a t t y  A c i d  Con t ro l  A f fe c t ed Con t r o l  A f fected Con t rol A f fec ted Con t r o l  A f fected ECl 

1 6 : 0  4 8 . 4a 4 2 . 6a 6 . 8  1 0 . 0  3 . 1  2 . 4 4 . 2  5 . 7  d e f i ned 

Complex 1 6 :  1 s . 8  1 . 3 . 2  . 3  . 4  t r  t r  t r  1 6 . 58 

1 7 : 0  . 3  . 5  . 3  . 8  . 3  . 3  t r  . 5  1 7  . 0 3 

1 8 : 0  1 2 . 0  1 3 . 2  33 . 2  23 . 3  3 5 . 5  40 . 4  24 . 8  23 . 3  defined 

1 8 : 1 ( n-9 ) + 1 8 :  H n-7 ) c 2 7 . 6  2 7 . 3 1 5 . 2  1 6 . 5  1 2 . 6  1 1  . 3  9 . 8b 1 3 . 7b 1 8 . 48 

1 8 : 2 ( n-6 ) . 4b . 7b . 2  1 . 4 t r  . 2  . 2  . 3  1 9 . 26 

20 : 0  . 1  . 1  . 4  . 3  . 3  . 4  t r  t r  2 0 . 03 

2 0 : H n-9 ) + 20 : 1 ( n-n c . 9  1 . 2 1 . 1  1 . 5 1 . 3 1 . 2 1 . 0a 1 . 4a 20 . 4 1  

2 0 : 2 ( n-9 ) . 4  . 2  . 2  . 2  t r  . 3  2 0 . 96 

20 : 3 ( n-9 ) . 4  . 6  1 . 3 1 . 6 1 . 5 1 . 5 2 . 0  2 . 5  2 1 . 30 

20 : 3 ( n-6 ) . 3b . 5b . 5 a . 7a . 6  . 6  . 5  . 6  2 1 . 6 1 

2 0 : 4 ( n-6 ) 2 . 6  3 . 4  8 . 5  1 2 . 2  9 . 1  9 . 2  9 . 9  1 0 . 8  2 1 . 98 

2 0 : 4 ( n-3 ) . 1  . 1  . 5  . 4  . 4  . 5  . 3  . 5  2 2 . 4 2  

20 : 5 ( n-3 ) . 3  . 3  . 6  . 6  . 5  . 4  . 6  . 6  22 . 88 

2 2 : 3 ( n-9 ) . 1  . 1  . 6  . 8  . 8  . 9  . 8  . 9  2 3 . 29 

2 2 : 4 ( n-6 ) . 4b . 7b 2 . 6  4 . 8  3 . 3  2 . 9  4 . 9a 6 . 7a 23 . 93 

2 2 : 5 ( n-6 ) t r  t r  . 6  . 7  . 7  . 7  . 5  . 7  24 . 27 

2 2 : 5 ( n-3 ) . 4  . 6  2 . 3  3 . 0  2 . 6  1 . 8 3 . 9  4 . 1  24 . 79 

2 2 : 6 ( n-3 ) 3 . 5  4 . 4 24 . 9  20 . 0  2 7 . 2  2 5 . 5  36 . 1 b 27 . 3b 2 5 . 1 4  

a P 0 . 0 1  
b P 0 . 05 
c 1 8 :  1 ( n-n r a n  as a s l o we r  runn i ng shou l d e r  on the 1 8 : 1 ( n-9 ) peak . The 20 : 1 peak w a s  s im i l a r l y sp l i t .  -I'-

Ln 
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on l y  traces  of i so and ante i so  17 : 0  that we re otherwi se  not fu l l y  

resol ved from 16 : 1 , thus ca u s i ng a compl ex pea k on t h e  c hromatogram . 

No other branched cha i n  ac i d s , that  coul d conce i vab ly  repl ace 

po l yunsatura ted fa tty a c i d s  i n  pho s phol i p i d  structu re s , we re detected . 

The d i ffere nces i n  fatty ac i d prof i l e s of  phosphol i p i ds from s heep 

wi th cero i d- l i po fus c i nos i s and norma l control s were l i mi ted  ma i n l y  to 

p hosphat i dyl ethanol ami n e .  I n  affected s heep i t  conta i ned el evated 

l evel s of 18 : 1 ( n - 9 ) , 20 : 1 ( n- 9 ) and  22 : 4 ( n- 6 )  but a l owe r 2 2 : 6 ( n- 3 )  

content . Some phosphati dyl cho l i ne n-6 fatty ac ids we re a l so s l i ght ly  

e n hanced in  affected sheep a t  the expens e  of the  16 : 0  a c i d .  No 

s i gn i fi cant  ( Student 1 s  t te st ) d i fferences  were noted i n  the fatty 

ac i d profi l e s of  contro l and affec ted grey matter phospha t i dyl i nos i tol  

and  phospha t i dyl seri ne . 

Di scussi on 

I f  the d i sease ov i ne cero i d - l i pofu s ci nos i s  wa s a genera l i sed 

l i p i dos i s ,  then some i ncrease  i n  the amount  of l i pi d i n  affected l i ver 

wou l d be expected . Th i s  wa s not observed . No d i fference wa s 

observed i n  the proporti ons of neu tra l and  pho sphol i p i d s e i ther ,  these 

b e i n g  i n  agreement  wi th va l ue s  pre v i ous l y  repo rted for New Zea l and  

s heep l i ver  ( Pe ters and Smi t h , 1964 ) . The  s i mi l ari ty of  dol i chol  

l eve l s i n  both control and a ffected l i ver  mi l i tates  aga i ns t  a 

genera l i sed defect i n  i ts metabo l i sm .  The  same i s  true  of reti nol . 

The wi de non-d i sease re l ated vari a t i on i n  the reti nol  contents 

observed occur because l i ve r  i s  a storage ti s s ue fo r th i s  compound , 

and  l evel s are very sen s i t i ve to d i etary i nta ke ( Bayfi e l d ,  1975 ) .  

There i s  no  i n d i cati on of any d i sturbance i n  the metabo l i sm of a ny of 

the  major  l i ve r  phosphol i p i ds , nor i n  the fatty aci d  compos i t i on of 

phosphati dyl chol i ne and pho sp hati dyl ethanol ami ne . 

Phosphati dyl ethanol ami ne i s  the  phosphol i p i d  wi th the h i g hest l evel  of 

pol yun saturated  fatty ac i d s  i n  mamma l i an membranes , yet e ven thi s 

compound s hows no s i gn of any l os s  of pol yunsaturated fatty a c i d s  

wh i c h mi ght  be expected i f  there was a constant l os s  of  these 

mo l ec u l e s  caused  by l i p i d  perox i dati on , pa rti cu l arl y i n  a rumi nant . 

D i fference s i n  fatty ac i d profi l e s of control and affected grey matter 
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phospho l i p i ds a re restri cted to  phospha ti dyl c hol i ne and  

phosphati dyl ethanol ami ne , and  are mi nor ( Tabl e 5 ) .  D i fferences of  

s i mi l a r magn i tude have been observed between foeta l a n d  devel oped 

h uman bra i n  ( Svenne rho l m ,  1968 ; Svennerho l m  and Van i e r ,  1 97 3 ) . Changes 

i n  the  fatty ac i d  profi l e  of  phosphoti dyl e thanol ami ne  duri ng normal 

bra i n  deve l opmen t  i n verse l y  paral l e l the d i fferences between control 

and a ffec ted s heep bra i n  phosphat i dyl ethanol ami ne fatty a c i d  profi l es 

observed here . Al though much  l e s s  severe than the changes  repo rted 

i n  bra i n s  affected by the i nfant i l e  di sease  ( Svennerhol m  et  a l . ,  1 97 5 ;  

Sven nerho l m ,  197 6 )  the o v i n e  d i fferences a re i n  the same d i recti on . 

I t  s hou l d be noted i n  ma ki ng  the compari son that the human subjects 

had  d i ed of  the d i sease whe reas  the s heep , a l though bl i nd and wi th  

con s i dera b l e bra i n  atrophy , were euthanased a t  earl i e r s tages . The 

quan t i ta t i ve d i fferences i n  pho sphati dyl ethanol ami ne fatty ac i ds 

between normal and  affected s heep  are s im i l ar to those i n  bra i n  

b i op s i e s  from h uman pati ents  a t  l e ss advanced stages o f  the i nfant i l e  

d i sease  ( Svennerhol m et a l . ,  1 97 5 ;  Svennerhol m ,  197 6 ) . 

When cons i dered together wi th  the norma l i ty of the fatty ac i d  profi l es 

of  affected l i ver  phosphati dyl cho l i ne and  phosphati dyl ethanol ami ne 

( Tab l e 4 ) , the data presen ted above a l l ow for no genera l i sed 

d i sturbance in  pol yun saturated fatty ac i d metabol i sm .  The sma l l 

d i fferences  observed i n  the sheep  bra i n  phosphati dyl e thanol ami ne  fatty 

ac i d s  can  be rat i ona l i sed a s  consequenti a l  to bra i n  atrophy , ra ther 

than  be i n g in  any way connected to the pri mary di sease  process . Any 

l a rge c ha nge i n  bra i n  phosphol i p i d  fatty ac i d profi l e s i n  the cero i d­

l i po fusc i noses mu st  therefore be a l ate event . 

P u l l arkat  and col l eagues have proposed an  abnormal i ty of 

pho s phati dyl seri ne metabol i sm for four  forms of the d i sease based on 

stud i e s  of  affected human bra i n  phosphol i p i d  fatty ac i d s  ( Pu l l arkat et 

21. , 1982 ) .  I n  the present  study the fatty ac i d  profi l e  of thi s 

phosphol i pi d  wa s s i mi l ar i n  both norma l and  affected s heep and there 

wa s no s i gni fi cant  reducti on  i n  i ts 22 : 6 ( n- 3 )  content . Any change i n  

phosphati dyl seri ne fatty a c i d s  genera l  to th i s  group  o f  d i seases mu st  

therefo re a l so  be  a l ate and  secondary even t .  

The rel at i ve l y  sma l l  di ffe rences observed i n  brai n phosphol i pi d  fatty 

ac i d s  between norma l and affec te d  sheep and  the l ac k  of  any 
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d i stu rban ces i n  the l i ve r  phosphati dyl cho l i ne ,  phosphati dyl ­

ethanol ami ne and  tri g l yceri de l e ve l s  of po l yun saturated fatty ac i ds , 

a rgue aga i n st po l yunsaturated fa tty ac i d s  be i ng l os t  to l i popi gment  

format i on .  At the stages of  the d i sease  exami ned , affected bra i n s  

conta i n  l arge amounts of l i pop i gment , a s  do other t i s s ue s throughout 

the  body . L i po pi gment b i ogenes i s  is  genera l i sed and  if  there wa s a 

conti nua l  dra i n  on the l i mi ted s uppl y of  certa i n  unsaturated fatty 

a c i d s  wh i c h a re h i gh ly  cons erved i n  the s heep , then one mi ght expect 

g reater c hanges i n  fatty a c i d  profi l es than are observed . Symptoms 

re l a ted  to e s s en t i a l  fatty ac i d defi c i ency do not occur  i n  the 

d i seased sheep . Th i s  ca l l s  i n to questi on the prima ry ro l e  of 

peroxi dat ion of  pol yun satu rated fatty ac i ds i n  l i pop i gment format ion , 

a t  l ea s t  i n  th i s  form of cero i d- l i pofusc i nos i s .  

These tota l  t i s s ue stud i es do not support an i nvol vement of any 

part i cu l ar defect i n  l i p i d metabo l i sm i n  ceroi d- l i pofu sc i nos i s ,  but 

they do not defi n i t i ve l y  deny the pos s i b i l i ty ei ther .  Accord i n g l y  i t  

wa s deci ded to i sol ate puri fi ed l i popi gment and systemati ca l l y  a n a l yse 

i ts compos i t i on and propert i e s . 

Addi ti onal  comments on the fatty aci d composition of rumi nant 

phosphol i pi ds 

The data pre sented on the fatty ac i d  compo s i t i on of  phos phol i p i ds from 

norma l s heep a re a l so of i ntere s t  i n  the i r  own ri ght  as they have not 

previ o u s l y  been reported .  Sheep and other rumi nants  have a 

re s tri cted pol yunsaturated fatty ac i d  s uppl y .  The l eve l s  of 

e s sent i a l  fatty a c i d s  ava i l a bl e for bra i n  devel opment  i n  the rumi nant 

foetus  and  neonate i s  we l l be l ow that ava i l abl e to other mamma l s  

( Nobl e and  Shand , 1982 ) a n d  b i o - hydrogenat ion  acti v i ty of rumen mi cro­

o rga n i sms causes  the i r  es senti a l  fatty a c i d  i ntake to rema i n  severe l y  

re s tri cted throughout l i fe ( Hawke a n d  S i l coc k ,  1969 ) . I t  i s  s uch  

that  wou l d  cause  e s senti a l  fatty ac i d  defi c i ency i n  h umans ( Hol man , 

1978 ) . How rumi nants have adapted to t h i s  l ow e s senti a l  fatty ac i d  

s u ppl y i s  not fu l l y  unde rstood . Apart from trans  18 : 1 ( n-9 ) , that  i s  

a product  of rumen hyd rogena t i o n  and wou l d  be i ncorporated i nto 

phospho l i p i ds as a consequence , there a re no fatty ac i d s  i n  e i ther 

phosphati dyl c ho l i ne or pho spha t i dyl ethanol ami ne pecu l i a r to rumi nants , 

n o r  e l evated l evel s of any s pec i e s  that mi ght  fun ct i on as  surrogate 

e s senti a l  fa tty aci d deri ved componen ts . Level s of  the l onger cha i n  



po l yuns aturated fatty a c i d s  i n  phospha t i dyl ethanol ami ne are h i gher 

than  i n  most  rumi nants and  a re s i mi l ar to  those repo rted for non­

rumi nant  spec i e s ( Crawfo rd et  a l . ,  1 976 ) . 
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Mos t  i n format i on on bra i n  pho sphol i p i d  fatty a c i d s  ar i ses from stud i es 

of  human bra i n ,  and the s heep s how some d i fferences mo st notabl y i n  

pho spha t i dyl i nos i tol . A number o f  contro l  processes  depend o n  the 

d i s t i ncti ve metabol i sm of th i s  mo l ec u l e and the rel ease  of 20 : 4 ( n- 6 )  

from i t  ( N i s h i z u ka ,  1983 ; Berri dge , 1984) . Sheep g rey matter 

phosphat i dyl i nos i tol  conta i n s on l y  8 . 5% of th i s  fatty ac i d  i n  contrast  

to  28 . 5% i n  human grey matter phosphati dyl i nos i to l  ( Svennerhol m ,  

1 968 ) . The l eve l of 18 : 3 ( n- 3 )  deri ved fatty ac i ds i s  h i gh i n  s heep 

phos phati dyl i no s i tol where 22 : 6 ( n- 3 )  a ccounts fo r 2 4 . 9% of a l l  fatty 

a c i d s  compa red to 4 . 6% i n  h umans . These  fatty a c i d s  are a l so 

e l evated  i n  the other s heep phospho l i p i ds re l ati ve to human va l ues but 

to a l esser  exten t .  

The s ums of the 18 : 1 ( n - 9 )  deri ved fatty a c i d s  are s i mi l a r i n  both 

s pec i e s for a l l phosphol i p i ds except phospha t i dyl i nos i tol  where the 

s heep content i s  h i ghe r .  In  sheep the l evel of 20 : 3 ( n-9 ) , in  a l l 

phosphol i p i ds ,  i s  at l ea s t  twi ce that of humans , and  might  be 

i nd i ca t i ve of fatty ac i d defi c i ency i n  non- rumi nants  ( Ho l man , 1978 ) . 

The re l ated fatty aci d 22 : 3 ( n- 9 )  h a s  been reported i n  humans  ( Sun , 

1 97 3 )  but not i n  sheep . However , despi te the rel at i ve l y  e l evated 

l evel s of these  fatty a c i d s  i n  s heep they are not major  fatty a c i d s  i n  

any c l ass  of phosphol i p i ds .  The 18 : 2 ( n- 6 )  deri ved fatty a c i d  content 

of phospha t i dyl seri ne i s  h i gher i n  s heep than in h umans , but that of 

s heep  phosphati dyl chol i ne a n d  phosphati dyl ethanol ami ne i s  l ower ,  

mai n l y  because  of di fferi n g  20 : 4 ( n- 6 )  contents . 

The a bove o bservations  s how that the tol erance of  s heep to a l ow 

d i eta ry i ntake of essenti a l  fatty ac i ds  does not ari se  from the 

rep l a cement  of es senti a l fatty ac i d deri ved fatty ac i ds  by non­

e s senti a l  fatty aci d deri ved enti t i e s . Th i s  confi rms and extends 

earl i er data on the fatty ac i d  compos i ti on of  bra i n  

phosphati dyl ethanol ami ne  i n  a number of rumi nants ( Crawford e t  a l . ,  

197 6 ) . Sheep , and proba b l y  rumi n ants  i n  genera l , have adapted to 

conserve thei r essen t i a l  fatty ac i d  supply for s tructura l l y  i mportant 

funct i ons ( Re i d  and H u sbands , 1985 ) .  Phosphati dyl i nosi tol has  a l so 
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been i mpl i cated  in  a fatty ac i d sa l vage pathway ( Matsuzawa et  a l . ,  

1978 ; Huterer and  Wherrett , 197 9 ) , but the data do not  i nd i cate i f  the 

d i ffe rences between human and  s heep phospha t i dyl i nos i tol  refl ect 

adapt i ve changes in rumi nants  i n  genera l , or  j ust vari at i ons between 

s heep and humans . 



Introduction 

CHAPTER IV 

LIVER LIPOPI GMENT : LIPIDS AND FLUORESENCE 

5 1  

Prev i ous a n a l yses of the  l i popi gment i n  the ceroi d - l i pofusc i noses  have 

been  hampered by the sma l l amounts of materi a l  i so l a ted from affected 

bra i n s . The methods u sed fo r the puri f icat ion  of the cytosomes were 

t i me consumi ng and comp l e x ,  and  on ly  l ow yi e l d s  ( mi l l i gram q uanti ti e s ) 

were obta i ned . ( S i a katos e t  a l . ,  197 2 ;  S i a ketos  and  Koppang , 197 3 ;  

S i a kotos and  Mun kres , 1 98 1 ; Wo l fe et a l . ,  1977 ; Pa l o  et a l . ,  1982 ) . 

S i nce neurones are l ong- l i ved  cel l s ,  l i pop i gment stored i n  bra i n  cou l d 

undergo secondary post-sto rage  changes wi th t i me .  Wi th neuronal  l os s  

p i gment wo u l d be taken  u p  by macrophages and further mod i fi cat ion  

a s soc i ated wi th l ysosoma l degradati on of  non- p i gment  heterophago­

cytosed materi a l  coul d be expected to occur .  Accord i ng l y  it  wa s 

deci ded to i so l ate the l i pop i gment from fresh  l i ve r  of  sheep affected 

wi th  cero i d- l i pofusci nos i s ,  and  s�ema t i ca l l y  ana l yse  i ts compos i t i on . 

L i ver wa s chosen beca u s e : 

( i ) I t  has  a centra l ro l e  i n  l i pi d metabo l i sm .  

( i i ) I ts cel l s  undergo mi tos i s  to repl ace dyi ng ce l l s  and 

con sequen t ly  there i s  turnover of pi gment cytosomes . 

( i  i i )  Li ver appears unaffected by the d i sease , and  so there i s  l e s s  

l i ke l i hood o f  confound i ng secondary effects  that mi ght occur 

in  bra i n  deri ved l i pop i gment . 

( i v )  I t  has  a rel at i ve l y  s i mp l e cel l structure , and  does not 

Resul ts 

conta i n  myel i n ,  an i mpuri ty d i ffi cu l t to remove duri ng 

l i pop i gment puri fi c a t i on from bra i n .  

( a )  I so l at ion : The method deve l oped for t he i so l ation  of l i ver  

l i popi gmen t wi th the  u s e  of  pronase , yi e l ded g ranu l ar brown cytosomes 

wi th  a n  i sopycn i c  dens i ty of  1 . 18 - 1 . 20 i n  sucrose , and two pea ks 

wi th  dens i t i e s between 1 . 19 - 1 . 23 and 1 . 23 - 1 . 28 i n  esCl . No 
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s i mi l a r materi a l  wa s obta i ned from s i mi l arly aged control s heep l i ver  

when i t  wa s su bjected to  the  s ame procedures . ( F i g .  5 ) . 

Fi g . 5 . Li popi gment i sol ati on .  Li popi gment  i sol ated from affected 

s heep  l i ver and centri fu ged on a CsCl gra d i ent  ( l e ft ) , and the res u l t  

o f  the same proced u re o n  contro l  l i ver  ( ri ght ) .  

Fi g .  6 .  I sol ated l i popi gment .bodies . E l ectron mi c ro graph of 

l i pop i gment bod i e s  i so l a ted from affected sheep l i ve r  wi th the use  of 

pronase  x 3 5 , 7 00 .  
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I so l a ted  l i popi gment  granu l e s  s howed an i ntense yel l ow-green 

fl uore s cen ce when s uspended i n  g l ycerol and exami ned by fl uorescence 

mi c ro scopy . E l ectron mi cro scop i c  exami nat ion  of the pel l et s howed i t  

to be a l most  en ti re l y  composed of l i popi gment cytosome s . These had a 

g ran u l a r  matri x wi th many and  vari abl e membranous profi l es ( Fi g .  6 )  

s i mi l ar to those  observed i n  e l ectron mi c rographs o f  who l e t i s sue . No 

morpho l og i ca l  d i fferences were observed between the cytosomes of 

d i ffe rent dens i ty ,  nor have any b i oc hemi ca l  d i fferences  subsequent l y  

been e sta b l i s hed . The yi e l d of l i popi gment obta i ned by th i s  method 

wa s h i gh , 2 . 3  ± 0 . 39 ( 8 )  mg of l i popi gment  l i p i d  be i ng extractab l e from 

the l i pop i gmen t  puri fi ed from each  g of l i ve r  used . Th i s  means  that 

at  l ea s t  8 . 2% of the tota l affec ted l i ver  l i p i ds were from the 

l i popi gment . The  i sol ated  l i pop i gmen t  l i p i ds conta i ned  on ly  5 1 . 0% ± 

2 . 16 ( 5 ) phosphol i p i d  compared  wi th the h i gher va l ue of  7 3% 

phosphol i p i d  i n  the total  t i s s ue l i p i d s  ( Tab l e  I I ,  Chapter I I I ) . 

( b ) Fl uore scence : The exci tat i on and  emi ssi on s pectra of the 

l i popi gment  l i p i ds had fea tu res  in  common wi th those of control  and  

affected tota l  l i ver l i p i d s . The se were exc i tat ion  maxima a t  350 and  

370  nm a nd a broad emi s s i on max i mum between 490 and  5 10 nm ( Fi g .  7 ) .  

I n  add i t i on the l i popi gmen t  l i p i d  exc i tat i on spectrum had a shou l der 

from 380- 470 nm and the emi s s i on spectrum a sharp pea k  at 680 nm . 

However the l i popi gment l i p i ds were l es s  fl uorescent than the total 

t i s s ue l i p i d s , s i x  t imes  the concentrat ion bei ng requ i red to g i ve the 

s ame emi s s i on i ntens i ty .  

Vari a t i on i n  the exc i ta t i on wavel ength changed t h e  emi s s i on max i ma of 

the l i popi gment l i p i d s , i nd i cati ng that more than one fl uorophor wa s 

presen t .  Th i s  heterogene i ty of fl uorescence wa s confi rmed by the TLC 

separa t i on of l i p i ds u s i ng sequenti a l  devel opment  i n  three sol vents . 

At l ea st 1 3  fl uorophors were found i n  the l i pop i gment  l i p i ds wh i c h 

a l so conta i ned an absorb i ng s pec i e s  ( Fi g .  8 ) .  Some of these 

fl uorophors were present  i n  the total l i ver l i p i ds a l bei t i n  muc h  

sma l l er amounts . Subsequent i od i ne sta i n i ng o f  t h e  pl ate reve a l ed n o  

mate r i a l  t h a t  remai ned a t  t h e  ori g i n  nor any t h a t  h a d  run wi t h  the 

sol vent front . Fresh  c hromatograms of i sol a ted  l i popi gment  

phosphol i pi d s  d id  not  conta i n  any  fl uorophors except for a yel l ow and  

an  o range component in  the contami nat ing  neutral l i p i ds . However 
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Fi g . 7 .  Fl uorescence spectra . Spectra recorded at the opt i mal  
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wa ve l e ngths for the  l i po p i gment  l i p i ds ,  vi z exc i ta t i on spectra ( l eft ) 

a t  5 10 nm emi s s i on and  emi s s i on spectra ( ri g ht ) at 370 nm exc i ta t i on . 

L i popi gment l i p i d s  1 .  8 1mg/ml ( so l i d  l i ne ) .  Contro l l i ver l i p i ds 

0 . 43mg/ml ( bro ken l i ne ) .  Affected l i ver  l i p i d s  0 . 3 1mg/ml ( dotted 

l i ne ) .  

Fi g . 8 .  Heterogenei ty of l i pi d  fl uorescence . The fl uorescent 

components of contro l  l i ver  ( l eft ) ,  i so l ated pi gment  ( mi dd l e )  and  

affected l i ver  l i p i d s ( r i g ht ) , separated by TLC on  a 20x20cm p l a te 

devel oped to 5cm wi t h  c h l orofo rm : methanol , 1 : 1 ;  to 10cm wi th 

ether : acet ic  ac i d ,  9 9 : 1 ;  and  to 20cm wi th n- hexan e : ether : aceti c ac i d ; 

80 : 20 : 1 .  



u pon  s tand i ng  the TLC p l ate i n  a i r overni ght fl uorophors appeared , 

most  notabl y a bri ght bl ue fl uorescence at  the same pos i ti on a s  

phosphati dyl ethanol ami ne . 

5 5  

The l i popi gment  neutra l l i p i ds conta i ned a number of  fl uorophors , 

o range , grey , p i n k ,  bl ue and  red , that mi grated i n  that  order between 

the ori g i n and  chol estero l  u pon  TLC . None of these  s ta i ned as major 

components wi th  i od i ne or we re i n tense l y  fl uorescent .  A band 

i denti f i ed as ub i qui none absorbed enough l i ght at 366 nm to appear  as • 
a dark  band . The ma i n  contri butors to the fl uore s cence of tota l 

a ffected and  control l i ve r  l i p i ds  were h i gh ly  fl uore s cent reti nol  and 

reti nyl este rs . 

The upper pha se of the l i p i d  extracti on s  of l i popi gment  bod i e s  

e xh i bi ted on l y  negl i g i bl e  fl uore scence i n  the spec trofl uoromete r .  

T h e  i n so l ubl e re s i due wa s n o t  f l uore scent when di rectl y i rrad i ated 

wi th  366 nm l i g ht . When s us pended as  a dry powder  i n  gl ycerol i t  wa s 

h i g h l y  f l uore s cent i n  the fl uore scence m i croscope , but so were tota l 

con tro l  and a ffected ti s s ue res i dues so treated , and  gl ycerol 

s u s pens i ons of  case i n  and bov i ne serum a l bumi n .  

( c )  Phosphol ipi ds : TLC of  the  i sol a ted l i popi gment  phospho l i p i ds 

showed t hem to conta i n  the major  phosphol i pi d  c l a s ses , i n  s i mi l ar 

proporti ons  to thei r occu rrence i n  total  l i ver ( Fi g .  9 ) . An 

add i ti on a l  component ,  that ran near  the sol vent front  i n  the aci d i c  

so l ven t ,  mi grated a s  expected fo r ( MAG ) 2P i n  a n  ammon i a  conta i n i ng 

so l vent ( Joutt i et a l . ,  197 6 )  ( F i g . 10 ) , and on two d i mens i onal  

c h romatography ( Wherret and  Hute rer , 197 2 ) . 

( d )  Neutral  l ipi ds : L i popi gment  l i pi ds contai ned a rel ati ve l y  h i gher 

proport i o n  of neutra l l i p i d s  than  e i ther control or affected l i ver  

l i p i ds  and  a l so a d i fferen t  d i str i but i on of  i nd i vi dua l  neutral l i p i d 

c l a s ses . Free fatty ac i ds , dol i chol , ub i qui none and  two compounds  

d e s i gnated  a s  bands 1 and 2 we re major components of the l i popi gmen t  

l i p i ds ( Fi g .  3 ,  Chapter I I I ) .  Reti nol  and  reti nyl e s ters were not 

present  i n  the l i popi gment l i p i ds in  meas urabl e amoun t s . 

Tri g l yceri des were on l y  a mi nor  component of the l i po p i gment . 
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Fi gs . 9 and  10 . TLC of  phosphol i pi ds . TLC  of  (A )  control l i ver ( B )  

i so l a ted l i popi gment and ( C )  affec ted l i ve r  phospho l i p i d s devel oped i n  

c h l o ro form : methanol : ace t i c  ac i d : wa te r ;  50 : 24 : 4 : 2  ( F i g .  9 l eft ) , and  

c h l o roform : methanol : ammon i a : wa te r ;  65 : 20 : 2 : 2 :  ( F i g . 10  ri ght ) and  

s t a i ned  wi th i od i ne . 

L i po p i gment dol i chol  wa s i so l ated  by preparati ve TLC . Ana l ys i s of  

i t s c ha i n  l engths by reve rse phase  HPLC s howed the  s ame cha i n  l ength  

d i s tri but i on as  the porc i ne dol i chol  standard . Transmethyl ati on of 

the compounds i denti f ied  as bands 1 and 2 yi e l ded dol i chol  when the 

rea c t i on products  we re a na l ysed by TLC and norma l phase HPLC . I n  

a dd i t i on a component mi grated a s  fatty a c i d  methyl e sters u pon TLC of 

the tran sme thyl ati on products  of band 1 but no such  component wa s 

i so l ated from the tran smethyl ati on of band 2 .  

NMR  s pectra of bands 1 and  2 s howed a l l the features reported fo r 

n a t i ve dol i chol  ( Brec kenri dge et  a l . ,  197 3 ;  Van De s se l  et a l . ,  1979 ) ,  

i n  both the IH and 13C s pectra ( Fi g s .  1 1  and  1 2 ) . The add i t i on a l  I H 

re s onance at 1 . 2 5 ppm and  1 3C resonance at  29 . 7  ppm , that we re 

re l ati vel y  l a rger i n  band 1 than band 2 we re attri buted to - ( CH2 ) n ­
a n d  the i ncrease i n  the 0 . 90 ppm I H re sonance to add i t i ona l  termi nal  

me thyl groups  of a l kyl c ha i n s . The I H  resonance a t  4 . 0 5 ppm i n  band 

2 wa s attri buted to a primary a l cohol  ester . 
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Fi g . I I .  I H  NMR spectra . Spectra of ba nd 1 ( top ) , and  band 2 ( bottom ) . 

Chem i c a l  s h i fts are i n  ppm from TMS . The pea k at  1 . 40ppm ar i ses from 

re s i dua l cyc l o hexane . 
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Fi g . I2 .  1 3C NMR Spe ctra . Spectra of band 1 ( top ) , a n d  band 2 

( bottom ) . Chemica l  sh i fts are i n  ppm from TMS. The three  pea ks  a t  

appro x i ma te l y  78 ppm ari se from CDC1 3 ' 



58 

Re sonances at 5 . 32 ,  2 . 05 and 1 . 58 ppm i n  the 1H spectra , and  at  39 . 8  

ppm i n  the 13C s pectrum of band 2 were a ttri buted to trans i soprenoi d 

un i ts i n  the dol i chol  cha i n .  

( e )  Fatty a c i d  compos i ti ons : The fatty ac i d  profi l e s of  the major  

phosphol i p i ds and  the  free fa tty ac ids  of the  i sol ated l i popi gment  

we re determi ned by gas - l i qu i d chromatography ( Tabl e 6 ) .  No l a rge 

d i ffe rences  we re observed between those of the l i po p i gment 

phos pha t i dy l i nos i to l , phosphati dyl seri ne  and  phosphati dyl e thano l ami ne . 

Those of  phosphati dyl c hol i ne and  p hosphati dyl ethano l ami ne  were s i mi l ar 

to those  of  these l i pi ds  i n  the  total t i s s ue ( Tabl e 4 ) , except fo r 

mo re of  the l i no l eate deri ved s pec i es .  Phosphati dyl chol i ne conta i ned 

correspond i ng l y  l es s  of the l i no l e nate deri ved spec i es and 

phosphati dyl ethanol ami ne l es s  of  t he saturated fatty a c i ds . The major 

fatty ac i d s  of ( MAG ) 2P were l i no l eate , 42 . 9% ,  and l i no l enate , 1 6 . 5% . 

Saturated  fatty ac i ds  and 20 and  2 2  carbon ent i ti e s  were present i n  

th i s  compo und i n  ve ry reduced amounts . 

• 
The free fatty ac i d s  i n  the l i pop i gment l i p i ds conta i ned  the ful l 

range of med i um and  l onger c ha i n  fatty ac i d s  found i n  l i popi gment 

phosphol i p i ds .  They conta i ned a greater proport ion  of  18 : 1 ( n-9 ) ,  and  

fatty a c i d s  l e s s  than  16 carbons l ong , than  any of  the  phosphol i p i ds .  

( f )  Non - l i pi d  components : E l emental  ana l ys i s  of the i nso l ubl e res i due 

rema i n i ng a fter the extracti on  of l i popi gment l i pi d s  s howed it to 

conta i n  53 . 19% C ,  7 . 8 1%  H,  1 2 . 7 1% N and 2 . 59% S by we i ght , con s i stent 

wi th i t  be i ng prote i n .  Gra v i me tr i c  ana l ys i s  showed i t  to be 70 ± 

5 . 7 % ( n  = 4 )  of the tota l l i pop i gment ma s s , and  Lowry protei n 

est i ma t i on s  of soni cated s u s pen s i ons  of l i popi gment bod i es gave the 

same propo rt ion  as  protei n .  

Di scuss i on 

The method descri bed here a l l owed the i sol at ion  of l i pop i gment 

cyto somes from a ffected s heep l i ve r  in quant i t i es s uffi c i ent  for a 

systemati c ana l ys i s of thei r chemi cal  consti tuents for the fi rst  t i me .  

I so l a ted  l i popi gment  cytosomes reta i ned the characteri s t i c  morphol ogy 

and  fl uorescent propert i e s  that t hey exh i bi ted in s i tu .  

These  properti e s  and  thei r i sopyc n i c  den s i t i es i n  both CsCl  and  
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Table 6 
I solated l ipop igment phospholipid fatty acids 

Mean p e rcent age fa t t y  a c i d s  by we i g h t  of var i ous phospho l i p i d s  from l i p op i gment isola ted 
from l i ve r s  o f  four sheep a f fected w i th c e r o i d- l ip o fuscinosi s .  To fa c i l i t a t e  p resentat ion 
o f  resul ts standard e r ro r s  were omi t t ed but within each col umn means and standard e r rors 
were p o s i t i vel y r e l a t ed . ECL ' s  a r e  the mean value of 24 determi n a t i on s . Standard e r r o r s  
f o r  t h e s e  r anged f r o m  0 . 01 3  for 1 7 : 0  t o  0 . 07 1  for 2 2 : 6 ( n-3 ) fa t t y  a c i d s .  

F a t ty a c i d  ECL Phosph a t i d y l- Phosp h a t i d y l - Phospha t i d y l - Phosphat i d y l - ( MAG ) 2P Free 
fat ty 
acids 

1 6 : 0  

1 6 :  1 s 

1 7  : 0  

1 7 :  1 s 

1 8 : 0  

1 8 : 1 ( n-9 ) 

1 8 :  1 C  n-5 ) 

1 9 : 0  

1 8 : 2 ( n-6 ) 

1 8 : 3 ( n- 3 )  

20 : 1 ( n-9 ) 

20 : 2 ( n-6 ) 

20 : 3 ( n-9 ) 

2 0 : 3 ( n-6 ) 

2 0 : 4 ( n-6 ) 

2 0 : 5 ( n- 3 )  

2 2 : 4 ( n-6 ) 

2 2 : 5 ( n-3 ) 

2 2 : 6 ( n-3 ) 

d e f i ned 

1 6 . 54 

1 7  . 01 

1 7 . 56 

de f ined 

1 8 . 44 

1 8 . 84 

1 9 . 02 

1 9 . 26 

20 . 1 6 

20 . 42 

2 1 . 26 

2 1 . 38 

2 1 . 7 1  

2 2 . 07 

2 2 . 98 

24 . 8  

24 . 94 

2 5 . 28 

T o t a l  pol yunsat u r a t ed 

cho l ine i no s i t o l  se r i ne ethan o l am i ne 

1 4 . 3  

1 . 3 

1 . 3 

. 6  

23 . 1  

20 . 7  

. 6  

. 3  

8 . 9  

2 . 6  

2 . 2  

. 4  

. 4  

. 6  

5 . 6  

3 . 6  

. 5  

6 . 3  

5 . 2  

34 . 1  

5 . 6  

. 6  

1 . 5 

. 4  

2 7 . 9  

1 6 . 4  

. 1  

. 8  

5 . 2  

1 . 7 

1 . 0 

. 3  

1 . 9 

. 9  

9 . 1  

3 . 9  

4 . 0  

8 . 4 

7 . 9  

4 3 . 3  

5 . 9  

. 8  

1 . 9 

. 5  

36 . 1  

1 4 . 9  

. 6  

. 2  

5 . 1  

1 . 6 

. 9  

. 4  

2 . 7  

1 . 2 

1 0 . 0  

4 . 4 

1 . 4 

6 . 8  

3 . 6  

37 . 2  

4 . 6  

. 5  

1 . 1  

. 4  

2 5 . 5  

1 6 . 6  

. 3  

. 3  

7 . 8  

2 . 2  

1 . 8 

. 6  

. 4  

. 5  

1 4 . 3  

4 . 7  

. 3  

9 . 3  

8 . 2  

4 8 . 3  

3 . 0  

2 . 6  

3 . 1  

. 8  

4 . 8  

1 2 . 4  

. 1  

. 5  

4 2 . 9  

1 6 . 5  

. 1  

. 3  

. 1  

1 . 0 

3 . 0  

1 . 1  

. 1  

2 . 2  

2 . 3  

1 4 . 8  

2 . 9  

1 . 4 

1 . 1 

1 0 . 5  

30 . 2  

. 1  

. 6  

9 . 7  

4 . 3  

1 . 6 

. 4  

. 7  

. 6  

6 . 1  

2 . 4  

. 1  

3 . 2  

3 . 2  

69 . 3  30 . 6  
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sucrose  we re s i mi l a r to  those  of l i popi gment i so l ated from bra i n s  of 

humans  a ffected wi th cero i d - l i pofus c i nos i s  ( S i a kotos e t  a l . ,  197 2 ;  

Wol fe e t  a l . ,  1977 ) .  Except for the doub l e exci tati on pea k ,  the 

fl uores cence  exc i tati on spectrum of  the l i ver  l i popi gment  l i p i d s  ( Fi g .  

7 )  wa s s i mi l a r to that of the l i p i ds from affected human and  sheep 

bra i n  l i pop i gmen t  ( Jol l y  et  a l . ,  1 980 ; Wo l fe et  a l . ,  1977 ; Si a kotos 

and Koppang , 197 3 ) , but the emi s s i on spectrum maxi mum wa s at  60-70  nm 

l onger  wavel ength  and the emi s s i on spectrum conta i ned  an  addi t i onal  

prev i o u s l y  unreported pea k  at  680 nm.  However desp i te the h i g h l y  

fl uore s cent  nature o f  the l i pop i gment bod i e s  the l i pop i gment l i p i ds 

were o n l y  one s i xth as  fl uorescent as tota l l i ver l i p i ds .  As a 

con sequence  the d i sti ncti ve featu res of the l i popi gment l i p i ds ,  the 

680 nm emi s s i on pea k  and the exci tati on shoul der , we re ba re l y  

di s ce rnib l e i n  t h e  affected l i ve r  l i p i ds spectra even though these 

conta i ned at l east  8 . 2% l i popi gment l i p i ds . 

TLC s howed that the l i pop i gment l i pi ds conta i ned a n umber of 

fl uoropho rs , none of whi ch  were maj or l i p i d  components . S imi l a r 

hete rogenei tt of fl uorescent  components has  a l so been reported i n  

l i p i ds o f  affected human b ra i n s  ( Garg et a l . ,  1981 ) .  The l i ver  

l i popi gment l i p i ds conta i ned  no  fl uorescent component that  cou l d 

equate wi th a Sch i ff base  pol ymer consequent to l i p i d  peroxi dat i on as  

found  and  i nterpreted i n  h uman bra i n  l i popi gment l i p i ds  by other 

wo rkers ( S i a kotos et a l . ,  197 2 ) . No fa st  mi grati ng  fl uorescent 

ma te ri a l  that cou l d equate wi th the postul a ted I Ipo l yma l onal dehyde "  

( Gutteri dge e t  a l . ,  1982b ) wa s found e i the r .  Al though  i t  d i d  not 

fl uoresce  as  a sol i d  mas s  the anhydrous  protei naceou s  resi due of l i pi d 

e xtracted bod i e s  was h i gh l y fl uorescent when  suspended i n  gl ycerol . 

However so we re the de l i p i dated prote i n s of the tota l affected and 

control ti s s ues  and suspen s i on s  of the prote i ns case i n and a l bumi n .  

The fl uorescence of the l i pop i gment bod i es i n  si tu  i s  l i ke l y  therefore 

to ari s e  from the envi ronmenta l l y dependent fl uores cence of prote i n ,  

i n  a s i mi l ar way to the observed fl uore scence of the g l obul es  of 

prote i n that accumu l ate i n  the l i vers of peop l e wi th  a l pha - l­

a n t i tryp s i n  ( a l pha- I-protease  i n h i b i to r )  defi ci ency ( De Lel l i s  et  a l . ,  

1 97 2 ) . Thi s fl uorescence may be augmented by the  cumul ati ve • 

f l uore scence and i nteracti on of the l i p i d  fl uorophors but the fact  

that  none  of  these  are i n tens e  fl uorophors or  present  in  other  than  

sma l l amounts mi l i tates aga i n s t  them be i ng of pathoge n i c  s i gn i fi cance . 
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The i so l a ted l i ver  l i popi gment  conta i ned a s i mi l ar proporti on of 

phos phol i p i d  s pec i es to those of l i pop i gment i sol a ted from affec ted 

bra i n s ( S i a kotos and Koppang , 197 3 ;  Wo l fe et  a l . ,  198 1 ) . As  wi th 

bra i n  l i popi gment these i n c l uded ( MAG ) 2P at  l evel s muc h  h i gher than  

obs e rved in  the  tota l t i s s ue ( S i a kotos et  a l . ,  197 2 ) . Thi s compound 

i s  a normal l ysosoma l l i p i d component ( B l e i s tei n et  a l . ,  1980 ) , and 

i ts l evel  i s  furthe r e l evated  i n  secondary l ysosomes that ari se from a 

va r i e ty of i n duced and  i n heri ted d i seases  ( Stremmel and  Oebuch , 197 6 ; 

Tj i ong  e t  a l . ,  1978 ; Na ka s h i ma et a l . ,  1984 ) . I n  some of the 

i nduced  d i seases  of rats , i t  conta i ns h i gh l eve l s of po l yeno i c  fatty 

ac i ds , t he mo st nota bl e s pec i e s  often be i ng 22 : 6 ( n- 3 ) .  I n  the 

affected sheep  l i ver  l i pop i gment  i t  a l so has a h i gh content of 

po l yunsaturated fatty ac i d s  but these are ma i n l y  the 18 ca rbon 

e s senti a l  fatty ac i ds ( Tab l e 6 ) .  As the metabo l i sm of  es senti a l  

fa tty a c i ds i s  d i fferent  i n  sheep t o  rats ( Re i d  a n d  Hu s bands , 1985 ) , 

t h i s d i fference i s  l i ke l y  to be between spec i es rather than spec i fi c  

to the  cero i d- l i pofusci noses . A s  such  i t  may be a consequence of the 

postu l a ted i nvo l vement of  ( MAG ) 2P i n  s a l vag i ng fatty a c i d s  from other 

comp l e x  organel l e s duri ng  d i sa s sembl y i n  l ysosomes ( Hu terer  and  

Wherrett , 1979 ) . I t  i s  of  i nterest  that phosphati dyl i nos i tol  i s  

i mp l i c ated a s  an acyl transfe r  spec i e s i n  th i s  proce s s , and that the 

fatty aci d profi l e  of th i s  phosphol i p i d  i s  s i gn i fi cant ly  d i ffe ren t  i n  

s heep  and h uman bra i n s . ( Cha pter I I I ) .  

The fatty a c i d  profi l e s of  the other fou r  l i pop i gment  phospho l i p i ds 

exami ned c l os e l y  resembl e  those reported for these phosphol i p i ds i n  

i so l a ted rat l i ve r  l ysosomes ( Henn i ng and  Hei d ri c h , 1974 ) , except fo r 

l ower l eve l s of  1 6 : 0  a n d  correspond i ngl y h i gher l eve l s of 18 : 1 ( n-9 ) .  

There wa s no i nd i cat ion  of a depl e t i on of any pol yun s aturated fatty 

ac i d s  i n  a ny of these phospho l i p i ds , nor i n  the l i popi gment  free fatty 

a c i d s  ( Ta b l e  6 ) , wh i c h wou l d be expected i f  there had  been s i gni fi cant 

a bnormal peroxi dation  of  po l yun saturated fatty a c i d s . Together wi th  

the  ana l yses  of  the  fatty a c i ds i n  the  total t i s s ue l i pi ds ( Tabl e 4 ,  

Chapter I I I ) ,  these re s u l ts i nd i cate that there i s  n o  abnorma l i ty i n  

phosphol i p i d  or pol yunsaturated fatty a c i d  metabo l i sm i n  th i s  d i sease . 

A s  s uch t hey i nd i cate that the previ ous l y  observed d i fferences i n  

s heep  bra i n  grey matter phosphat i dyl ethanol ami ne fatty a c i d  profi l es 

( Ta b l e  5 ,  Chapter I I I )  a re proba b l y  secondary to bra i n  atrophy . 
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Neutral  l i p i ds accounted for a pproxi mate l y  50% of  the l i ver 

l i po p i gment l i p i ds , as  they do i n  l i popi gment i so l ated from affected 

h uman bra i n  ( Wol fe et a l . ,  1 98 1 ) .  Major components of  these neutra l 

l i p i d s were chol estero l , free fatty aci ds , dol i c hol , u b i q u i none ind  

the  compoun d s  de si gnated as  bands 1 and 2 .  On  the  ba s i s  of the i r 

chemi s try and  NMR spectra ( F i g s  1 1  and 1 2 )  bands  1 and  2 we re a s s i gned 

as do l i chyl esters , band 1 be i ng those esters wi th d i st i ncti ve l y  

l onger  cha i n  ac i d  mo i e t i es . A d i fference i n  TLC mi grati on of such  

do l i c hyl  e s ters has been reported ( Steen et  a l . ,  1984 ) . As dol i chol  

do l i choate a l so m igrates in  th i s  regi on i ts pres ence in  the 

l i pop i gment l i p i ds cannot be e xcl uded . 

Do l i cho l  h a s  prev i ou s l y  been  repo rted as  a major  component of the 

l i po p i gmen t  from bra i n s  of humans affected wi th the i n fanti l e ,  l ate 

i nfanti l e  and j uven i l e  forms of cero i d- l i pofu sc i nos i s and i t  i s  

mea s u rabl y enri ched i n  the whol e bra i n s of these  pat i ents . However 

i t  a l so accumu l ates i n  norma l bra i ns wi th age and i n  bra i n s of 

pat i ents a ffected wi th A l z he i mer ' s  d i sease ( Ng Y i n g  Ki n et a l . ,  1983 ) . 

Lyso somes conta i n  the maj or  pool of cel l u l a r do l i c ho l  ( Wong et  a l . ,  

1982 ; Hen n i ng and Stoffel , 1 97 2 ) . The presence of these neutra l 

l i p i ds and  ( MAG ) 2P i n  the l i pop i gment thus s upport a l ysosoma l 

i n vo l vement  i n  l i popi gment  b i ogenes i s .  Together wi th the l ac k  of any 

d i scerned d i fferences i n  the total t i s s ue neutral l i pi d  val ues , these 

re s u l ts i nd i cate no spec i fi c  defect in  neutral  l i p i d  metabo l i sm .  

The majo r component o f  the  l i popi gment bod i es wa s the i nsol u bl e  

res i due rema i n i ng afte r l i p i d extract i on . E l emental  ana l ys i s  and 

p rote i n  determi nati ons  i nd i cated that th i s  wa s prote i n ,  rather than a 

ret i no i d  compl ex or  the  consequence of l i p i d  perox i dati on . Further 

a n a l ys i s of thi s mater i a l  was therefore i nd i cated . A method of 

i so l ati ng  l i pop i gmen t  bod i e s  wi thout the use of pronase wa s requ i red 

to ensure the i ntegri ty of  i so l a ted l i pop i gment po l ypeti des . Such a 

method i s  presented i n  the  fol l owi ng c hapte r , together wi th the 

re s u l ts of subsequent stud i es of the l i pop i gment prote i ns . 
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CHAPTER V 

LI POPI GMENT PROTE INS , DOLI CHOL AND UBIQUINONE 

Introduction 

I n  the prev i ous  chapter the fl uorescence , phosphol i p i ds , fatty a c i d s  

a n d  ne utra l l i pi ds o f  l i popi gment i so l ated from affec ted s heep l i vers 

were exami ned . L i pi ds  compo sed l es s  than 25% of the l i pop i gment ma s s  

a n d  there wa s n o  evi dence of a d i sturbance o f  l i p i d . metabol i sm or  o f  

a bnormal l i p i d  peroxi dat i on . The presence of the l i p i ds 

b i s (monoacyl g l yceryl ) phosphate [ ( MAG ) 2P] , dol i c hol , dol i c hyl esters 

a n d  u b iqu i none i n  the l i pop i gment strongl y suggested a l ysosoma l 

der i vati on of the l i pop i gmen t  cyto somes . Mos t  of the l i pop i gment wa s 

prote i naceous . To ana l ys e  t h i s  materi a l  unambi guou s l y ,  methods of 

i s o l ati ng l i popi gment wi thout the use of the proteol yt i c  enzyme 

p rona se were requ i red , otherwi se the pos s i bi l i ty of  proteo l yti c 

c l ea vage of  l i popi gmen t  pol ypepti des  duri ng i so l at ion  wou l d ma ke any 

res u l ts un sound . The re i s  a l so  the pos s i b i l i ty that the accumu l ati on 

of  p rotei naceous materi a l  i s  part of a genera l accumul at ion  of 

l yso soma l membrane , rather than the s pec i fi c  accumu l ati on of prote i n .  

Do l i chol and  ubi qui none are markers for l yso somal membranes ( Wong et  

a l . ,  1982 ; Henn i ng and  Stoffel , 197 2 ) . The i r concentrat ions  i n  the 

l i pop i gment , rel ati ve to prote i n ,  woul d i nd i cate wh i c h  of these 

mechan i sms i s  i nvol ved i n  l i popi gmen t  b i ogene s i s .  It  wa s a l so 

d e s i rabl e to compare l i pop i gment from a number of t i ssue s  so  that any 

t i s s ue spec i fi c  phenomena  coul d be recogn i sed . 

Resul ts 

( a ) I so l at i on :  I n i t i a l  exper iments on the  i so l ati on of 

l i popi gment wi thout pronase  were carri ed out on l i ver  b i opsy sampl e s , 

0 . 5- 2g . H i gh l y puri fi ed  l i pop i gment bod i e s  were i so l ated by a s i mpl e 

comb i na t i o n  of osmoti c  l ys i s ,  son i cat i on and  d i fferenti a l  

centri fuga t i on . The protocol deve l oped wa s su i tabl e for much  l arger 

amounts of ti ssue , and wi th  sma l l  mod i fi cat i ons the method was 

appl i ca bl e to other ti s s u e s . Us i ng these protocol s ( see Chapter I I ) 
l a rge amounts of puri fi ed l i pop i gment were obta i ned from l i ve r ,  



k i dney , pancreas  and bra i n  of  affected sheep i n  much shorter t i mes  

than  by  any  previ ous l y reported procedures . L i popi gment cyto somes 

from a l l t i s s ues  had i so pycn i c  dens i ti es i n  CsCl  of o ver 1 . 19 ( Ta bl e 

7 ) .  L i ver l i popi gment had  a b i modal  dens i ty profi l e .  However no 

morpho l og i ca l  d i fferences  were observed between  the two popu l at i ons . 

Tabl e 7 

Li popigment densi ties 

Mean  i sopycn i c  den s i t i e s  i n  CsCl  grad i ents of l i popi gment i so l ated 

from two s heep affected wi th ceroi d- l i pofusc i nos i s .  

Ti s s ue Den s i ty 

L i ver 1 . 1 9 - 1 . 23 and 1 . 23 - 1 . 28 

Ki dney 1 . 2 1 - 1 . 26 

Pancreas  1 . 19 - 1 . 22 

Bra i n  1 . 19 - 1 . 24 

The l i popi gment bod i e s  o btai ned from each t i s s ue had  e l ec tron dense 

membranous structures typ i ca l  of bod i es in s i tu in the parent organs  

( Fi g .  1 3 ) . They d i s p l ayed an  i ntense green to  ye l l ow-green 
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fl uorescence by fl uores cence  mi croscopy .  I so l ated l i popi gment from 

l i ve r  wa s dark brown , from k i dney a mi d- brown , from pancreas tan , and  

a mu l ti l ayered pe l l et wa s o bta i ned from bra i n  that  conta i ned materi a l  

rang i ng i n  co lour  from tan to a l most  bl ack . 

The yi el d of l i popi gmen t  bod i e s  i so l ated , per g wet we i ght of tota l 

t i s s ue , wa s s i mi l ar for a l l four ti ssues  ( Tab l e 8 )  and d i d  not appear 

to be age dependent .  
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A 

B 

Fi g .  1 3 .  Mo rphol ogy of l i popi gment bodies . E l ectron mi crographs  of 

l i popi gment  bod i e s  i sol ated wi thout the use  of pronase . ( A )  from 

l i ve r ,  x 1 1 , 200 ; ( B )  from k i dney , x 1 1 , 200 . 



c 

o 

Fi g .  1 3 . ( conti nued ) Morphol ogy of l i popi gment bod i e s . ( C )  from 

pancrea s ,  x 1 1 , 200 and ( 0 )  from bra i n ,  x 6 4 , 100 . 
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T a b l e  8 
The yield , and p r o t e i n  and l i p i d  p ropor t i on s  o f  i so l a ted l i p op igme n t  bodi e s  

T h e  y i e l d  o f  l ipopigment bod i e s  i so l a ted from l i v e r , k idne y , pancreas a n d  b r a i n , in mg d r y  m a s s  o f  l ipopigmen t/g wet 
we ight of t i ssue u sed fo r the i r  i s o l a t i on , and the % of the t o t a l  dry mass of l ipop i gmen t that is p r o t e i n  and l ip i d ,  
± s . e . m .  w i t h  the number o f  e x pe r iments i n  parenthe s i s .  

T i ssue Y i e l d  

L i v e r  1 . 4 ± 0 . 6 5 ( 4 ) 

K i dney 1 . 3 ± 0 . 26 (4 ) 

Pancreas 1 . 5 ± 0 . 38 ( 5 )  

B ra i n  1 . 4 ± 0 . 1 6 ( 3 )  

0' P r o t e i n  ,0 

73 . 6  ± 6 . 3 5 ( 4 ) a 

6 5 . 4  ± 6 . 39 ( 4 ) b 

74 . 8  ( 1 ) c 

66 . 1  ± 2 . 74 ( 6 ) a 

67 . 2  ± 4 . 1 8 ( 4 )  b 

7 3 . 9  ( 1 ) c 

7 2 . 2  ± 2 . 55 ( 5 ) a 

7 0 . 0  ± 2 . 38 ( 5 ) b 

66 . 2  ± 3 . 05 ( 3 ) a 

60 . 3  ± 4 . 6 5  ( 3 ) b 

a D r y  we ight o f  t h e  i n so l u b l e  res idues a ft e r  l ip i d  e x t ra c t ions 

b Pro t e i n  a s  e s t i m a t ed b y  the method o f  Lowry e t  a l . ( 1 9 5 1 ) .  

c Hydrolysable amino ac id u n i t s  o f  del i p i d a t ed l ipop i gment . 

�� L i p id 

1 6 . 8  ± 3 . 98 ( 4 )  

2 7 . 1  ± 3 . 50 ( 4 ) 

20 . 9  ± 3 . 98 ( 5 )  

1 5 . 8  ± 4 . 99 ( 4 ) 
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( b )  L ipopigment compos i ti on : The i nsol ubl e re s i due s formed duri ng 

l i p i d  extracti ons were the major  component of l i pop i gment  bod i es 

i so l ated from a l l four  ti s s ues  a nd accounted for a t  l ea s t  two-thi rds 

of  the l i pop i gment mas s  ( Tab l e 8 ) .  No  s i gn i fi cant  d i fferences ( P )  

0 . 05 ,  Student ' s  t tes t )  were found  i n  the  proport i on of th i s  materi a l  

i n  t h e  l i pop i gment bod i es from a ny o f  t h e  ti ssues . S im i l ar 

proporti ons  of  the l i popi gment  mass were a s sayed a s  prote i n ,  u s i ng  

bov i ne serum a l bumi n as  a s tandard . Quanti tati ve ami no ac i d  ana l yses  

of hyd ro l ysed del i p i dated l i pop i gment bod i es from l i ver  and  k i dney 

were a l so in agreement wi th these  va l ue s . 

Mo s t  of  the rema i nder of the l i pop i gment  mas s  wa s l i p i d ,  measured as  

between 16- 27 %  of the  l i pop i gment  i so l a ted from the  vari ous  t i s s ues . 

These apparent vari ati ons i n  the proport i on of l i p i d  i n  t he va r ious  

l i pop i gments  were not  s i gn i fi cant  howeve r .  Li pi d a n d  prote i n  

together a ccounted fo r over 90% o f  the l i popi gment from l i ver , k i d ney 

and  pancreas , and  82% of that  i so l ated from bra i n .  

( c )  L i popigment prote i n s : L i popi gment bod i es from a l l ti s sues 

proved d i ffi c u l t to sol ubi l i ze  and d i saggregate . A l arge range of  

po s s i b l e  so l ven ts were tri ed i nc l ud i ng 8M urea , 6M  guan i d i ne-HC 1 , 1% 

tri fl uoroaceti c ac i d ,  70% formi c a c i d ,  30% pyri d i ne , concentrated 

ammon i a ,  O . lM ammon i um b icarbonate wi th 8M urea , 70  and 100% 

d i me thyl s u l phoxi de , 70 and 100% aceton i tri te ,  10mM EOTA , 4M NaCl  and  

the  fol l owi ng detergents at 1% ; ch romotropi c ac i d ,  Bri j 3 5 ,  

cetyl pyri d i n i um ch l ori de ,  tyl oxa po l , non i det-P40 , deoxyc ho l i c  ac i d ,  n­

tetradecyl -N ,N  d i methyl ammi no-3- propanesu l phonate , and  SOS , a l l wi th 

and wi thout the add i t i on of 5% 2-mercaptoethanol . Of these  on l y  70% 

fo rmi c a c i d  and 1% SOS in  the presence of 5% 2-mercaptoethanol 

di s so l ved the l i pop i gment cyto somes or del i p i dated prote i n  obta i ned 

from them . The l atter a l l owed SOS-po l yacryl ami de gel  e l ec trophores i s  

( SOS- PAGE ) of  the l i popi gment prote i ns . I n i t i a l exper i ments wi th the 

l oa d i ngs  norma l l y  used for Cooma s s i e b l ue sta i n i ng res u l ted  in  a smear  

runn i ng the  l ength  of the  gel . At the  l ower l oadi ngs  req u i red for 

s i l ve r  stai n i ng , and  by us i ng the gentl e d i saggregati on techn iques  

descri bed i n  Chapter I I , d i s crete bands  were obta i ned  ( Fi g .  14 ) . 
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- 3 3  

- 1 4 .8 

- 3 . 5  

Fi g .  14.  SOS- PAGE of  l i popi gment bodi es and total t i s s ue homogenate . 

Si l ver sta i n i ng of i sol ated l i pop i gment  and  total contro l and  affected 

t i s s ue homogenates . Lanes A ,  contro l  t i s s ue homogenates ; Lanes  B ,  

affected t i s s ue homogenates ;  Lanes  C ,  i so l ated l i popi gment  bod i e s . 

Mo l ecu l a r  we i ghts  ( Mr ) were ca l i brated from the pos i ti ons  of  standard s  

i n  other gel s .  

Li popi gment  bod i e s  from a l l fo u r  o rgans  were characteri sed by two 

heavi l y  sta i n i ng bands , one that ran to the l ower reg i on of the gel , 

and  whi ch  h ad  an  appa rent Mr of 3 , 500 and  another wi th an  Mr of  

14 , 800 . Between these  two bands  wa s a d i ffu se sta i n i ng a rea , in  the 

Mr range o f  5 , 000 - 9 , 000 . As the  band  wi th an apparent Mr of 3 , 500  

occurred a t  the l i mi t of reso l u t i on i n  the gel  i t  may a l so conta i n  

materi a l  of  l owe r mo l ecu l a r  we i g ht . SOS- PAGE o f  the i nso l ub l e 

re s i due l e ft after the extracti on  of  i so l ated l i ve r  l i pop i gment l i p i ds 

gave the s ame pattern as that obta i ned wi th the i ntact l i pop i gment . 

Li popi gment  from a l l  ti s s ues conta i ned  a number of  mi nor components of 

h i gher mo l ec u l ar  we i g ht . L i po p i gment from l i ver , k i d ney and  pancreas 

a l so conta i ned a number of h i gher  mo l ecu l ar we i g ht prote i n s that 

sta i ned wi th i ntermedi ate i n ten s i ty ,  but un l i ke the l ower mo l ec u l ar  

we i g ht prote i n s , none of  these  we re common to  l i pop i gment  from a l l 

four  t i s s ues . 
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SOS- PAGE of  homogenates of who l e  l i ver and who l e pancreas  from 

affected s heep c l earl y showed the  3 , 500  Mr band wherea s  th i s  was not 

present i n  homogena tes of these o rgan s from norma l control a n i ma l s .  

A sma l l amount  of l ow mol ecul a r  we i g ht  materi a l  i n  homogenates of 

norma l k i dney made th i s  d i sti n c t i on between  normal and  a ffected 

homogenates  s l i ghtl y l ess  obv i ou s .  The 3 , 500 Mr materi a l  wa s not 

seen i n  homogenate s of e i ther a ffected or norma l bra i n s . A s l i ght  

enri c hmen t  i n  the 1 4 , 800 Mr band  was observed i n  tota l homogenates  of 

a l l fou r  affected ti s s ues  whe n  these we re compa red wi th contro l  t i s s ue 

homogenate s  ( Fi g .  1 4 ) . 

Some prepara t i ons  we re carri ed  out  i n  the presence of  l ysosoma l 

protease  i nh i bi tors , s i nce l ys osoma l proteases rel eased  duri ng the 

i so l at i on of  the l i popi gment m i g h t  c l eave l arger prote i ns i nto the l ow 

Mr components  observed a bove . Se ri ne and  thi ol proteases  were 

i n h i bi ted wi th phenyl methanes u l phonyl fl uori de and i odoaceta te 

respecti ve l y ,  and  meta l dependent  proteases  wi th EOTA . 

Me rcaptoethanol wa s omi tted to a vo i d  pos s i bl e  affects  of  t h i o l  

acti vated proteases  ( see Chapter I I ) .  None o f  these procedures  a l one 

or i n  comb i nat ion  made any d i fference to the pattern of bands  obta i ned 

upon SOS- PAGE of  the i sol ated l i po p i gment . 

The l ow Mr components of the l i po p i gment bod i es were not as  sens i ti ve 

to Cooma s s i e  b l ue sta i n i ng , ami do-bl ack  sta i n i ng  or  to the B i o- Rad 

s i l ver  sta i n  a l one as  they we re to the doubl e s i l ver  sta i n  wi th a 

d i ethyl d i thi oca rbamate wa s h  descr i bed here , nor wa s the d i fference 

between contro l  and affected tota l  t i s s ue homogenate s as  apparent wi th 

these  other sta i n s . None of the  l i pop i gment materi a l  from any ti ssue  

stai ned for RNA after SOS- PAGE . The  ca rbo hydrate s ta i n  gave a fa i n t  

reac t i o n  wi th the d i ffuse l ow mo l ecu l ar we i ght materi a l  i n  total bra i n  

homogenates , and a very fa i nt reacti on w ith  the 1 4 , 800 Mr and the 

3 , 500 Mr band i n  the bra i n  l i popi gment bod i es . No  carbohydrate 

sta i n i ng was observed u pon SOS-PAGE of  any of the l i pop i gments from 

other  t i ssues  or tota l t i s s ue homogenates . 

I n  order to ensure that the  sta i n i ng of  the l ow Mr materi a l  arose from 

i t  be i ng prote i n  and  not from the sta i n i ng of non- prote i n  components 

of  the l i po p i gment , l i pop i gment  bod i es we re i ncubated wi th a nuc l ease  
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free protea se and the re s u l tan t d i  gest exa.mi ned by SOS- PAGE . A 1 1  the 

bands from l i ver , k i dney , bra i n  and pancreas  l i popi gment  bod i es we re 

degraded wi th the fo rmat i on of a d i ffu se stai n i ng area at a l owe r Mr 
than observed prev i ou s l y  fo r any componen t ,  a nd  a genera l  l i ght 

bac kground smear ( F i g .  1 5 ) . 

Liver K id n e y  Pancreas Brain 

A B C A C B A C B A B C 

Fi g . 1 5 .  Protease d i gesti ons of l i popi gment bod i e s . Si l ver  stai ned 

SOS- PAGE of nuc l ea se  free protease d i gest i ons  of l i popi gment  bod i e s 

i sol ated from l i ver , ki dney , pancreas  and brai n .  Lanes A ,  un i n cubated 

l i popi gment bod i es  ( 10�g prote i n/l ane ) ; Lanes S ,  5mg/ml of 

l i pop i gment bodi es  d i s so l ved i n  SOS i ncuba ted at 37 °C  for 1 95  m i n  

( 30�g protei n/l a ne ) ; Lanes C ,  5mg/ml o f  l i pop i gment bod i es d i s sol ved 

i n  SOS and i nc u bated wi th 1mg/ml of nuc l e a se free protease a t  37 ° C  fo r 

195  mi n ( 30 �g l i pop i gmen t  protei n/l ane ) . 

( d )  Lipopigmen t  i sopreno i ds : The l evel s of chol estero l , do l i cho l  

and  u b i qu i none i n  the  l i popi gment bod i e s  from the  four  ti s sues  a re 

compa red i n  Ta b l e 9 .  Si gn i f icant  d i ffe rences i n  the l evel s of  these  

i soprenoi ds  i n  the  l i popi gment from the vari ous t i ssues  were observed . 

The h i ghest l evel  of dol i chol  wa s found i n  pancreas  deri ved 

l i pop i gmen t , of c ho l este ro l  in bra i n  deri ved materi a l  and  the l owe s t  

l evel o f  ub i q u i n one i n  that from l i ve r .  



Table 9 
Cholesterol , dol ichol and ubiquinone levels in lipopigment bodies 

T h e  amo unt of c h o l e s t e r o l , d o l i ch o l  and ub i q u inone i n  l ip o p i gment bodies isolated from l i v e r , kidney , pancreas and 
b r a i n . V a l u e s  a r e  u g/mg d r y  mass o f  l ipop igment b o d i e s  ± s . e . m .  w i t h  the number o f  e x p e r i me n t s  i n  p a r en t h es i s .  

T i ssue Cho l e s t e r o l  

L i ver 3 . 6  ± 0 . 6 3 ( 3 )  

Kidney 7 . 7a± 1 . 09 (4 ) 

Pancreas 7 . 5  ± 1 . 97 ( 6 )  

B r a i n  28 . 3b± 6 . 1 8 (4 ) 

a sign i fi c an t l y  d i fferent t o  the l i v e r  v a l ue P�0 . 0 5  
b s i g n i ficant l y  d i f fe r e n t  t o  the l i v e r  v a l u e  � . 01 

Do l i chol 

1 0 . 7  ± 3 . 1 7  ( 3 )  

9 . 9  ± 0 . 87 ( 4 ) 

2 0 . 8c± 2 . 1 7  ( 6 )  

8 . 8  ± 1 . 1 8  (4 ) 

c s i gn i fican t l y  d i ffe r e n t  t o  the l i v er , kidney and b r a i n  v a l ues P$ O . 00 1 . 

Ub iqu inone 

O .  7 ± O .  28 ( 3 )  

1 . 9 a± 0 . 33 (4 ) 

1 . 8 ± 0 . 98 ( 6 )  

1 . 9a± 0 . 38 ( 4 ) 

-..J 
N 
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D i s c us s i on 

S i mp l e rap i d  methods for the i so l ati on of  l i popigment from several 

t i s s ues  of  sheep affected wi th ceroi d- l i pofusci nos i s ,  wi thout the use 

of  the  pro teol yt i c  enzyme pronase , have a l l owed the characteri sat i on 

of  the  l i popigment prote i ns . Ana l yses  of the puri f ied  l i pop i gmen t  

s howed that  the h i gh protei naceous  content o f  the l i pop i gment from 

l i ve r , a s  descri bed i n  the pre v i o u s  chapter , i s  a property of the 

l i pop i gment from other ti ssues  as we l l  ( Tab l e 8 ) .  Mos t  of the 

rema i nder o f  the l i pop i gment mas s  from a l l  the ti s s ues  stud i ed wa s 

l i p i d .  

Dol i cho l  h a s  pre v i o u s l y  been s hown to be a major component  of neutral  

l i p i ds of  l i popi gment  bod i e s  i so l a ted from the bra i ns o f  h umans 

a ffected wi th neurona l ceroi d - l i po fus c i no s i s  ( Ng Y i n g  Ki n ,  et a l . ,  

1 98 3 )  at  s i mi l a r l evel s to those  repo rted here for the s heep deri ved 

l i pop i gments  ( Ta b l e 9 ) .  Lysosome s are the subcel l u l a r organel l e s 

that  conta i n  mos t  i ntracel l u l a r do l i chol  ( Ke l l er et a l . ,  1 982 ) . The 

dol i chol  contents of  l i popi gment  from l i ver , ki dney and bra i n  of  s heep 

wi th cero i d- l i pofu s c i no s i s ,  re s pec t i ve l y  1 4 . 5 ,  1 5 . 0  and  1 3 . 3  �g/mg of  

prote i n  ( ca l cul ated from data  i n  Tabl es  7 and  8 ) , are a l s o very 

s i mi l ar to the do l i chol  content  reported i n  a l ysosome enri ched rat 

l i ver  fract i on , 1 5 . 1 �g/mg of prote i n  ( Wong et a l . ,  1982 ) .  Because  

of the  d i ffi cu l ty i n  i so l at i ng pure l ysosomes , and potenti a l  l os ses  

d u ri ng  s apon i fi cat ion  ( Pul l arkat a n d  Reha , 1982 ) , th i s  l atter va l ue 

may be an  u nderesti mate . The dol i chol  contents of the i so l ated 

l i pop i gment from a l l fou r  ti s s ue s  examined  we re cons i derab ly  l ower 

than  that reported for norma l human bra i n  grey matter l i pofusci n 

( P u l l arkat  a n d  Reha , 1982 ) .  

The l evel s o f  cho l estero l  and u b i q u i none i n  normal rat l i ve r  l ysosoma l 

membranes , 4 5 . 6  a n d  8 . 1  �g/mg of  prote i n  res pecti ve l y  ( Henn i ng and  

He i dri c h , 197 4 ;  Henn i ng and  Stoffel , 197 2 ) , a re approxi ma te l y  e i ght  

t i me s  the  l evel s found i n  the puri f i ed l i ver l i popi gment , 4 . 9  and  1 . 0  

�g/mg of  pro te i n  respecti ve l y  ( ca l c u l ated from the data i n  Tabl e s  7 

and  8 ) . On l y  the chol estero l  content of l i pop i gment i so l ated from 

bra i n  a pproaches the norma l l i ver  l ysosoma l membrane va l ue . Thu s  

a l though  these  three i so preno i d s a re major  components o f  the 

l i pop i gment  l i p i ds , they are not s pec i f ica l l y enri ched a bove the 



l evel s expected for lysosome deri ved o rgane l l es .  
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The i r  l evel s are 

ma i n l y  l ower than expected i f  t he l i popi gment cytosomes were mere l y  

the  aggrega t i on o f  l ysosoma l membranes , i nd i cati ng the  spec i fi c  

a ccumu l a t i on of protei n ,  the ot her major componen t  o f  the l i pop i gmen t .  

T h e  vari ab l e l evel s o f  cho l este rol , dol i chol  and u b i q u i none i n  the 

l i popi gment bod i e s  from the d i fferent o rgans ( Tabl e 9 )  may however 

contri bute to the d i fferences i n  morphol ogy of these i sol ated bod i e s  

( F i g .  1 3 ) , d i fferences t h a t  a re al so observed i n  s i tu ( Jol l y  et a l . ,  

1980 ; Jo l l y  e t  a l . ,  1982 ) .  

The prote i n s of the i sol ated l i popi gment  bod i es a re predomi nant ly  l ow 

mo l ec u l ar  we i ght prote i n s  and  t hese are the common feature of the 

prote i ns  of the l i popi gment from a l l four  ti ssues exami ned ( Fi g .  1 4 ) . 

They a re not fragments of l a rger prote i n s  c l eaved by proteases  

re l eased  and/o r  acti vated duri ng  the  i so l ati on of the l i popi gment 

bodi es , otherwi se the i n h i b i t i on of potenti a l  l ysosoma l proteases  

dur i ng the i so l at ion of  the l i ve r  l i pop i gment  wou l d h ave changed the 

pattern of  l i ver  l i popi gment prote i n s . 

Low Mr prote i n s  are not norma l c omponents of pri mary ,  o r  Tri ton WR-

1 339  o r  dextran i nduced secondary l yso soma l membranes . The se a re 

c h a racteri sed by a l arge numbe r of prote i ns i n  the 60 , 000 - 100 , 000 

Mr range , some of wh i ch are g l ycoprote i n s ( Yamamoto et a l . ,  1 980 ; 

Burn s i de and  Schne i der , 1982 ) .  Sma l l mol ecu l ar we i ght  prote i ns were 

not  observed i n  these membrane s ( Burns i de and Schne i der , 1982 ) .  

Conversel y the SDS-PAGE patterns of the i sol ated l i pop i gments ( Fi g .  

1 4 )  show that norma l l ysosoma l p rote i n s can on ly  be mi no r  components 

of  the l i popi gment bodi es . Thus , un l i ke the majo r  l i pop i gment 

l i p i ds ,  the  major l i popi gment  prote i n s  are not those  of  norma l 

l ys osoma l membranes . 

The extent of heterogenei ty wi th i n  the l ow Mr l i pop i gment  prote i ns i s  

not  c l ear . The band at 14 , 800 Mr appears homogeneou s . The materi a l  

between 5 , 000 a n d  9 , 000 Mr i s  certa i n l y  heterogeneous . As the 

3 , 500  Mr mater i a l  run s at  the bottom of  the gel  it  i s  i mposs i b l e to 

j udge  t he exten t  of  heterogene i ty in i t .  Al l of the se  components 

cou l d a l so be subun i ts of h i gher mol ecu l ar  we i ght aggregates  or 

prote i n s . The requ i rement for gentl e d i saggregat i on techn i ques  pri o r  

t o  SDS-PAGE , rather than t h e  u s u a l  bo i l i ng  i n  2-me rcaptoethanol i s  not 
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un i que  to t h e  l i popi gmen t .  Other hydrophob i c  prote i ns a l so  aggregate 

randomly  when bo i l ed wi th 2-mercaptoethanol in SDS , prohi bi ti ng SDS­

PAGE a n a l ys i s  ( Teather e t  a l . ,  1978 ; Stoker et a l . ,  1 98 3 ;  I to ,  1 984 ) . 

The pa rti c u l ar sen s i ti v i ty of the 1 4 , 800 Mr and 3 , 500 Mr l i pop i gment  

bands  to  s i l ver sta i n i ng after treatment wi th d i ethyl d i th i oca rbamate 

i nd i cates an as yet undetermi n ed common d i sti ncti ve feature of these 

c omponents . Di fferenti a l  sen s i t i v i ty of prote i n s  to d i fferent  s i l ver 

sta i n i ng protocol s has  prev i ou s l y  been noted ( Fri edman , 1982 )  but no 

g eneral  theory has yet emerged that exp l a i ns these  o bservati ons . 

Whateve r the nature of the  l ow Mr l i pop i gment prote i ns they a re the 

major component of the l i popi gment bodi es , and are the on l y  mo l ecu l ar  

s pec i es so  far  detected i n  the cero i d- l i pofusci noses  enri ched to  the 

e xtent that a ffected tota l  t i s s ues can be d i sti ngu i s hed from norma l 

t i s s ues by the i r  presence . The i r  presence i s  the refo re l i ke l y  to be 

a d i rect  con s equence of the  geneti c l e s i on i n  th i s  form of cero i d­

l i pofu sc i nos i s .  
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CHAPTER V I  

THE ROLE O F  METALS IN LI POPIGMENT FORMATION 

Introducti on 

The concen trat i on of i ron i n  cerebrosp ina l  fl u i d  ( CS F )  of pati ents 

affec ted wi th ceroi d- l i pofu s c i nos i s has  been reported as  h i gher than 

that in contro l s ( Gutter i dge et a l . ,  1 982a ; Johan s son et a l . ,  1984 )  

and  has  been a s soci ated wi th apparen tl y h i gh l i pop i gment i ron and  

copper contents ( S i a kotos a n d  Koppang , 197 3 ;  Johan s son  et a l . ,  1984 ) . 

These me ta l s  have recentl y been con s i dered to be cata lysts  nece ssary 

for the convers i on of l i p i d  peroxi des  to the fl uorophors postul ated a s  

c haracteri s t i c  o f  the l i pop i gment ( Gutteri dge , 198 4 ;  1985 ) . Based o n  

these  fi nd i ngs  a genera l defect i n  i ron metabo l i sm h a s  been advanced 

as underl yi ng  the pathogene s i s of the cero i d- l i pofu s c i noses 

( Gutteri dge et a l . ,  1983 ) .  Desferri oxami ne , a che l a tor of free i ron , 

h a s  con seq uent l y  been added to the l I anti -oxi dant t herapy ll g i ven to 

s ome pat ients  wi th cero i d- l i pofusci nos i s ,  ( Westerma rc k and Santavuori , 

1984) , but desferri oxami ne can  have seri ous harmfu l s i de-effects 

( Ha l l i wel l e t  a l . ,  1985 ; Ha l l i wel l and Gutteri dge , 1986 ) . It  was 

therefore thought perti nent to chec k the genera l i ty of  th i s  proposed 

rol e  of  copper and/or i ron  i n  the pathogenes i s  of cero i d­

l i pofusc i noses . The meta l  contents of CSF and other t i ssues of 

a ffected sheep  were therefore ana l ysed , and compared wi th control 

va l ues  and the meta l content s  of  l i popi gment i so l ated from affected 

t i s s ues . 

Resul ts 

( a )  Meta l s  i n  l i ver , k i dney,  pancrea s ,  and i sol a te d  l ipopigments : 

Meta l s  contri buted 1 . 7%  of  the dry ma s s  of l i ver and pancreas deri ved 

l i popi gment , 1 . 3% of k i dney l i popi gment and 1% of  the l i popi gment  i n  

bra i n  ( Tabl e 1 0 ) . Major contri butors were copper , i ro n , c a l c i um ,  

z i nc ,  magnes i um ,  sodi um and  potass i um .  Sma l l amoun ts  o f  mol ybdenum , 

s t ronti um ,  manganese , a l umi n i um ,  n i c ke l  and chromi um we re a l so 

detected . Se l en i um ,  cadmi um , coba l t  and t i n  were a s s ayed for but 

were not present in amounts that a l l owed quanti tat ion  by the method 

used . 



Tabl e 10 
The metal content of l i popigment i sol ated from sheep affected wi th ceroid- l i pofusc i nos i s  

Va l ue s  are �g/gm dry t i s s ue ± s . e . m .  I sol ated l i pop i gment data ari se from 8 a n i ma l s fo r l i ver and 4 an ima l s 
for the other ti ssues . Total  a ffected va l ues  ari se from 4 a n i mal s and total con trol data from 10 a n i ma l s .  

Meta l T i s s u e 
L i ver Kidney Pancreas  Bra i n  

Cu I sol ated l i pop i gment  1 27 1 5  ± 1 774  1 36 ± 27 39 ± 9 45 1  ± 200 
Total affected 905  ± 2 1 9  1 6  ± 5 5 ± 1 . 5  24 ± 4 . 9  
Total con trol 465  ± 29 17 ± 1 4 ± . 4  1 2  ± . 5  

Fe I sol ated l i pop i gment 266 ± 24 27 37 ± 597 162  ± 48 432 ± 164 
Total affected 28 5 ± 80 1 1 19 ± 323  9 1  ± 9 9 6  ± 9 
Tota l con trol 29 1 ± 10 6 1 5  ± 6 7 1  ± 3 7 0  ± 2 

Ca I sol ated l i popi gment 1 1 20 ± 244 3923 ± 83  1 2 16  ± 352  4054 ± 1985 
Tota l affected 164 ± 10 47 5 ± 1 50 391  ± 1 1 4  983 ± 224 
Tota l  control 7 2  ± 18 1 50 ± 10 160 ± 8 500 ± 20 

Mo I sol ated l i popi gment 18 ± 3 1 5  ± 6 . 8  1 1  ± 2 . 7  9 2  ± 29 
Total affected 2 . 8  ± . 5  1 . 8± . 3  . 3± . 06 < . 2  
Total con tro l  4 . 1 ± . 2  1 .  7 ± . 1  . 3± . 03 . 0 5± . 0 1 

Sr I sol ated l i pop i gment  1 1  ± 3 33  ± . 7  7 ± 1 90 ± 45 
Total affected . 9  ± ; 22 1 ± . 30 1 .  2± . 09 1 . 7  ± . 6  
Total control . 2  ± . 0 1  . 7 ± . 03 . 9± . 10 3 . 2  ± . 6  

r�n I sol ated l i pop i gment 9 ± 1 1 3  ± 6 7 ± 2 3 5  ± 18 
Total affected 7 . 5  ± . 5  2 . 9± . 4  6 . 4± . 7  1 . 7  ± . 2  -...J 

Total contro l  1 5  ± A 6 ± . 2  7 ± . 3  1 ± . 1  -...J 



Tabl e 10 conti nued 

A l  I so l ated l i popi gme n t  86 ± 8 7 5  ± 18 103 ± 20 337 ± 1 17 
Tot a l  a ffected 32  ± 1 2  1 5  ± 7 36 ± 10  27  ± 1 1  
Tot a l  con trol N . A .  a N . A .  N . A .  N . A .  

N i  I so l ated l i popi gme n t  55 ± 28 < 1 0  17  ± 4 . 1 49 ± 8 . 3  
Total  a ffec ted N . O . b N . D .  N . D .  N . D .  
Total  con trol N . A .  N . A .  N . A .  N . A .  

Cr I so l ated l i popi gme n t  < 10 < 1 0  1 5  ± 3 . 9  83  ± 38 
Tot a l  a ffected N . D .  N . D .  N . D .  N . D .  
Tot a l  contro l  N . D .  N . D .  N . D .  N . D .  

Zn I so l ated l i po p i gme n t  27 9 ± 54 1 36 ± 29 1 52 ± 32 242 ± 7 6  
Total a ffected 1 29 ± 1 1  1 1 5 ± 8 88 ± 30 92  ± 1 0  
Total  con tro l  1 3 3  ± 6 107 ± 3 6 2  ± 2 65  ± 1 

Mg I so l ated l i popi gment 1 47 1  ± 431  1 2 1 3  ± 22 1  1 389 ± 7 23 1 0 1 1  ± 7 39 
Total  a ffected 5 1 6  ± 16  7 21 ± 5 1  699 ± 124  600  ± 7 4  
Total  contro l  9 30 ± 20 1010  ± 16  1080 ± 60 8 50 ± 20 

Na I so l ated l i po p i gment 828 ± 258 3456 ± 1690 1 1963 ±8809 2198 ± 445 
Total  a ffec ted 5430 ± 1330 9803 ± 1852 3533 ± 544 7 7 53 ± 1 07 0  
To tal control 2 1 50 ± 40 7640 ± 240 3600 ± 160 5 500 ± 650  

K I so l ated l i po p i gment <200 < 1000 1823 ±1 3 53 636 ± 2 18 
Total a ffec ted 6 1 10 ± 388 6403 ± 8 57 9230 ± 18 15  685 5  ± 37 1 
Total  contro l  1 1 100 ± 1 50 1 2900 ± 190 1 4400 " ± 400 16000 ± 200 

a N . A .  Not a s s ayed fo r 
b N . D .  Not present i n  detectab l e amount s .  

-..,J 
00 
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Concentrati ons of  i nd i v i dual  meta l s  i n  t h e  l i popi gment  vari ed 

cons i derabl y ,  depend i ng on the t i s s ue of ori g i n .  The h i ghest 

concentrat ion  of any pa rti cu l ar  metal  wa s copper in  the l i ver  

l i popi gment bod i e s , but  the  copper content of  l i popi gment  i sol ated 

from the other t i s s ues  wa s much  l ower .  When cal cul a ted a s  a n  

e n ri c hment  of t h e  tota l contro l  t i s sue concentrati on , t h e  l i ver 

l i pop i gment coppe r content wa s not except i ona l . I ts accumu l ati on i n  

the  l i pop i gment bod i es wa s 27 t i mes  the total  l i ver va l ue ,  whereas  the  

rel at i ve enri chmen t  of  copper in  bra i n  l i pop i gment wa s 38  t i mes . 

There wa s s i gn i fi cantl y more i ron i n  k idney l i popi gment  than i n  the 

l i popi gment  from other t i ssues , but the s pec i fi c  enri c hment over the 

total t i s s ue concentrat ion  wa s o n l y  4 . 5  t i mes . Cal c i um wa s enri ched  

i n  l i popi gment from a l l t i ssues  compared to tota l contro l  t i s s ue 

concentrati on be i ng 26 t i mes for k i dney de ri ved l i pop i gment . Zi nc  

wa s a l so enri ched in  a l l the  l i pop i gments . 

The concentrat ion of  copper i n  total affected l i ver wa s twi ce that of  

the  control  t i ssue , a s  we re the affected l i ver , ki dney , panc reas and  

bra i n  c a l c i um concentrati ons . Tota l  affected and control  t i s s ue 

concent rati ons  of the  other meta l s  were s i mi l ar to each  othe r .  

Mo l ybdenum , stront i um ,  mangane se , a l umi n i um ,  n i c kel a n d  chromi um were 

present i n  l i popi gment  i n  al l t i ssues , at concentrati ons  general l y  

l owe r than  those o f  the  meta l s l i sted above . The i r  enri chments over 

the  tota l  t i s s ue va l ues  we re genera l l y  greater i n  the bra i n  

l i popi gment where these  metal s s pec i f i ca l l y  accumul ate , most  nota b l y  

mo l ybdenum whi ch  i s  e n ri c hed 1800 t i mes . 

( b )  Meta l s i n  CSF : The concentrati on of  a number of meta l s i n  the 

CSF of 3 sheep affected wi th cero i d - l i pofusc i nos i s wa s measured and 

compared wi th va l ues  o btai ned i n  CSF from fo ur  normal and  fi ve 

heterozygous a n i ma l s .  No di fferences were observed between the 

normal and heterozygote a n i mal s ,  wh i c h  were con s i dered together as  

control s ( Tabl e 1 1 ) .  For  al l meta l s ,  the  range of  control  va l ues  

obt a i ned spanned the  i nd i v i dual  affected s heep  CSF concentrati ons . 

No meta l s were present i n  the CSF of  affected s heep i n  e l evated 

concentrat i ons . The major cat i on i n  CSF was sod i um ,  2 , 600 parts per 

mi l l i on . Concentrati ons  o f  potas s i um ,  cal c i um and magnesi um we re 



Tabl e 11  

Metal concentrations 

Cu Fe Ca 

Affected s heep 64/8 5 . 07 1 .  62 43 . 1  

Affected s heep 46/8 5 . 03 . 53 30 . 6  

Affected s heep 9/8 5 . 03 . 42 50 . 7  

Mean  of 9 control . 04 . 44 36 . 0  

( 5  norma l and  4 hetero- ± . 006 ± . 1 5 ±2 . 4  

zygou s )  s heep ± s . e . m 

i n  CSF i n  Ilg/ml 

Al  Zn Mg 

. 4 1 . 60 19 . 3  

. 30 . 22 8 . 7  

. 29 . 0 5 16 . 9  

. 46 . 35 1 5 . 7  

± . 09 ± . 17 ± 1 .  5 

Na 

3402 

1 200 

3190  

2605 

±297 

K 

90  

37  

78  

7 2  

±7 . 7 

co 
o 
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l owe r .  Concen trati ons  of  i ron , coppe r ,  a l umi n i um a n d  z i nc we re muc h  

l ower bei ng l e s s  than one part pe r mi l l i on .  

Di scussion 

The wi de ranges i n  the concentrati ons of  copper , i ron , and  other 

meta l s  in  l i pop i gment  i sol ated from va ri ous  t i ssues of  sheep affected 

wi th  cero i d- l i pofusc i nosi s ( Ta bl e 10)  do not suppo rt any common rol e  

fo r these meta l s  i n  l i popi gmen t  forma t i on . Li popi gment  occurs i n  a l l 

ti s s ues  despi te the i r wi del y d i fferi ng copper and i ron conten ts . 

Apparent e l evat i on s  i n  the concentrati on of  copper i n  total  affected 

l i ver , i ron i n  tota l affected ki dney ,  and ca l c i um i n  a l l the a ffected 

ti s sues  equate wi th  t he h i gh concentra t i on s  of  these meta l s i n  the  

l i popi gment in  these  t i ssues , and norma l concentrati ons  in  the res t  of 

the ti s sue . 

The concentrat ions  and  d i stri buti ons of these and the other meta l s 

stud i ed i n  the l i popi gments from d i fferent  t i s sues can be exp l a i n ed i n  

te rms of the l i pop i gment  cytosomes funct i on i ng as l ysosomes , a t  l east  

i n  so  fa r a s  meta l  metabol i sm i s  conce rned . The s pec i fi c  rol e of  

vari ous organ s i n  the  metabo l i sm of  pa rt i cu l a r  meta l s  must  a l so be  

taken i nto accoun t .  The  t i s s ue s pec i fi c i ty of  l i popi gment copper 

accumu l ati on , 1 . 3% of l i ver  deri ved l i pop i gmen t ,  can be expl a i ned i n  

th i s  way .  Tota l  t i s s ue concentrati ons s how that thi s spec i fi c i ty i s  

not a pri mary property of the l i popi gment  but i s  propo rti onal  to t he 

wi de l y d i fferi ng  overa l l copper concen trati ons  i n  each  t i s s ue .  ( Tabl e 

10 ) . Copper i s  preferenti a l l y  stored i n  l i ve r  i n  normal an i ma l s and  

it  i s  this  organ that regu l ates copper ba l ance ( Stern l i eb ,  1980 ) . 

Excess  copper i s  stored  i n  l ysosomes ( Li ndqu i st , 1968 ; Gooneratne et  

� . , 197 9 ;  Johnson  et a l , 198 1 ; Hel man e t  a l . ,  1983 and  Hel man et  a l . ,  

1985 ) ,  pos s i bl y  i n  a d i sti nct  heavy l yso some popul at ion  ( Porte r ,  

197 4 ) . Overl oad of  th i s system i n  s heep  re s u l ts i n  centri l obu l a r  

necros i s ,  rel ease  of  copper a n d  a haemo l yti c c ri s i s  ( Gooneratne e t  

a l . ,  1979 ; Kel l y ,  1985 ) .  Thi s h a s  not been o bserved i n  any of  the 

sheep  affec ted wi th  ceroi d- l i pofus ci nos i s .  As  two th i rds  of the 

l i pop i gment is  p rote i n ,  the copper content  of  the l i ve r l i popi gment  i s  

s i mi l a r to the l i ve r  nuc l ear  fracti on copper content i n  prehaemo l yt i c  

copper  dosed s heep  ( Gooneratne e t  a l . ,  1979 ) .  The h i g h  copper 

content in the l i ver  deri ved l i pop i gment i s  therefo re not exce s s i ve 
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Lyso somes have been shown to be central l y  i nvol ved i n  the metabo l i sm 

of  a number of other t rans i ti on and heavy meta l s ,  s uch  as  a l umi n i um 

( Gruca and Wi sn i ews ki , 1984 ) , p l uton i um ( Se i de l  et a l . ,  1985 ) , gol d ,  

me rcu ry ,  l ead and  tel l uri um ( Stern l i eb and  Go l dfi scher , 1976 ) .  

Sequentrat i on i n to l ys osomes i s  a method of regul a t i on of cel l u l ar 

homeosta si s of a number of meta l s ,  e . g .  ca l c i um concentrati ons i n  

neutroph i l  cyto so l  ( Kl empne r ,  1985 ) .  Fo r some el ements  i t  may be the 

on l y mechan i sm to a voi d toxi c concentrati ons  occurri ng in  the 

cytop l asm .  At modera te l oa d i ngs of a number of metal s ,  l ysosome 

deri ved l i pofu sc i n- l i ke bod i es  appear wh i c h contai n the seque stered 

meta l  ( Stern l i eb and  Go l dfi scher ,  1976 ) .  

I n  post-mi tot i c  cel l s  th i s s to rage of meta l s  i s  l i ke l y  to be 

c umu l ati ve .  Th i s a rg ument has  been used to expl a i n  the age rel ated 

i nc rease in copper ,  i ron and z i nc concentrati ons  in neuronal  l ysosomes 

i n  the rat ( Brun and Brun k ,  1 97 3 ) . The s pec i fi c  accumu l at ion of 

mo l ybdenum , stronti um ,  manganese , a l umi n i um ,  n i c ke l  and chromi um i n  

the  bra i n  deri ved l i po p i gments ( Ta bl e 1 0 )  probably comes about i n  a 

s i mi l a r way . These metal s a re seque ste red i nto the l ysosome deri ved 

l i pop i gment  in a l l t i s sues . In v i sceral t i s s ues the  l i popi gmen t  i s  

l ost  upon death of cel l s  conta i n i ng i t  but po s t-mi toti c neurones a re 

l ong- l i ved cel l s  and  s o  storage i s  cumu l at i ve , i . e .  l i popi gment i n  

them conta i n s  the  addi ti ve h i story of metal  sequestrati on i n  the 

a n i ma l . 

Thi s study a l so s hows the va l ue of an exten s i ve survey of metal  

accumu l at ion  in  a vari ety of  ti ssue s  befo re concl u s i on s  on pathogen i c 

mechan i sms are d rawn from data . Had on l y  the  l i ver l i popi gment  meta l  

concentrati ons been determi ned , a rol e fo r copper  in  the  pathogenes i s  

o f  o v i n e  cero i d - l i pofu sci nos i s  cou l d have been reasonabl y ,  but 

e rroneous l y ,  advanced . Parti cu l ar  accumu l at i ons of  other meta l s  i n  

l ysosome deri ved organel l e s i n  certa i n  t i s sues  may ari se  i n  the cou rse  

of  norma l metabo l i sm of  the  metal . Fo r examp l e there i s  confu s i on a s  

t o  t he rol e  o f  a l umi n i um i n  A l z he i mer ' s  d i sease  ( McDermott et  a l . ,  

1 97 9 ; Gal l e  et a l . ,  1980 ; Crapper et a l . ,  1 980 ) . Mo re knowl edge on  

the  excret i on , storage and  mechani sms used  to  ma i n ta i n  homeo sta s i s  of  

th i s  metal , and  the organs i n vo l ved , coul d contri bute to  the  debate . 
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The concentra t i ons  of  a l l the meta l s  measured  in  CSF from affected 

s heep d i d  not s i gn i fi cant ly  d i ffer from the control  va l ues  ( Tabl e 1 1 ) .  

I n  pa rti cu l ar  the  concentrati on of i ron wa s not el evated i n  the CSF of 

a ffected sheep . It wa s c l ose to the repo rted human con trol CSF 

concentrat ion of  0 . 45 �g/ml whereas i ron  concentrati ons  reported for 

CSF  from pat i ents  wi th  i nfanti l e  and juven i l e  cero i d- l i pofus c i no s i s  

we re respect i ve l y  8 and  9 t i mes  th i s va l ue ( Johannson et a l . ,  1984 ) . 

I t  i s  d i ffi cu l t to a vo i d  some erythrocyte contami nati on when obta i n i ng 

CSF . As CSF i s  a hypoton i c  sol uti on these  e rythrocytes may l ys e .  

Adventi ti ous i ron rel eased from haemo l ysed e rythrocytes  can therefore 

contri bute to a pparent CSF i ron concentra t i o n s . I n  the present  

e xperi ments erythrocytes were found even  i n  a pparent l y  col ourl e s s  CSF 

and the CSF i ron concentra t i ons  ( Tabl e 1 1 )  s houl d therefore be 

rega rded as  ma x i ma l  rather than actua l va l ue s . Freez i ng of CSF wou l d 

e xacerbate thi s probl em . 

A s i mi l ar  sourc e  of  e rror may therefore contri bute to the apparent  

d i ffe rences i n  the  CSF  i ron contents reported between pat i ents wi th  

c e ro i d- l i pofu s c i nos i s  and control s ( Gutteri dge et  a l . ,  1 982a ; 

Johansson et a l . ,  1 98 4 ) , e spec i a l l y  as  the CSF  samp l e s  were take n  i n  

d i fferent pl aces  a t  d i fferent t i mes . 

The data presented here do not support a defect i n  i ron metabo l i sm 

be i ng i nvol ved i n  the pathogenesi s of the cero i d- l i pofusc i noses , nor 

do  they prov i de ev i dence for a ro l e  of i ron or coppe r catal ysed 

pe roxi dati on i n  l i pop i gment format ion . Thi s i s  i n  accord wi th the  

conc l u s i ons  reached  i n  chapters I I I ,  I V  a n d  V based on l i pi d and  fatty 

a c i d  ana lyses . As desferri oxami ne treatment  can have seri ous harmfu l 

s i de-effects ( Ha l l i we l l et a l . ,  1 985 ; Ha l l i we l l and Gutteri dge , 1986 ) 

i ts use  as  an i ron che l ator i n  the treatment  of cero i d- l i pofu s c i nos i s 

( Westermarck and  Santavuori , 1984)  may not be i n  the pati ents · 

i nterest and s hou l d be recon s i dered . 
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CHAPTER V I I  

GENERAL DISCUSSION 

Sys temat i c  bi oc hemi ca l  a na lyses  of l i pop i gment cytosome s i sol ated from 

s heep affected wi th cero i d- l i pofusci no s i s  reveal  a very d i fferent 

compo s i t i on to that  i nferred from h i s toc hemi ca l  and u l trastructural  

s t u d i e s . Rather  than  " l i po i d "  the  l i popi gment i s  70% prote i n  ( Tab l e 

8 ,  Chapter V ) . Most  of the rema i nder i s  l i p i d .  There i s  no 

i n d i cat ion  of any i n vol vement of l i pi d peroxi dati on i n  l i popi gmen t  

fo rmati on . The dens i ty of  t h e  l 1 popi gment  i s  cons i stent wi th  i ts 

compo s i t i on repo rted here , rather than wi th  a ma i n ly  l i p i d  s tructure 

that  woul d have a den s i ty c l ose  to , or  l es s  than , one . 

The structural appea rance of membranous arrays , and the appa rent 

s i mi l ari ty of the  l i popi gment to s i mi l arl y stai ned e l ectron 

mi c rographs  of mu l ti l amel l a r l i posomes ( Stoec ken i u s , 1 962 ; Fi ner  e t  

�. , 197 2 )  i s  a l so  decept i ve .  I n  fac t  t h e s e  two structures have 

l i tt l e i n  common . Mul ti l ame l l a r l i posomes a re very s us cept i bl e  to 

o smoti c s hoc k and son i cati on ( Johnson et  a l . ,  197 1 ;  F i ner  et a l . ,  

1 9 7 2 )  whereas the  l i popi gment  wa s shown i n  these stud i es to be 

refractory to these  proce s ses . Th i s  re s i stance to son i cati on and  

o smot i c  s hoc k a l l ows the l i pop i gment to be  i sol ated by  the  methods 

u sed  and  d i sti ngu i s he s  it from any membranous structure made up  of  

" S i nger and  N i c o l son l " ( 197 2 )  type bi l ayers . The h i g h  propo rti on o f  

prote i n  i s  a l so d i ffi cu l t to a c commocate i n  a b i l ayer s tructure . 

Amongst  mamma l i an membranes on l y  the i nner  mi tochondri a l  membrane has  

a s i mi l ar prote i n  to  l i pi d rat i o  ( De P i e rre and  Ernste r ,  1977 ) .  I n  

th i s  case , many of the  prote i ns are not  i ntri ns i c membrane prote i ns 

but  are l arge mo l ec u l es  ma i n l y  i n  the aqueous  pha se a nchored to the  

membrane by a s ho rt hydrophob i c sequence . They stand out from the  

membrane s u rface i n  e l ectron m i crographs . No such prote i ns have bee n  

observed i n  t h e  l i pop i gment i n  ovi ne cero i d - l i pofusc i nos i s ( R . D . Jo l l y ,  

pers . comm . ) ,  nor  reported i n  the l i pop i gmen t  i n  the human fo rms of  

the  d i sease . 

The l i pop i gment  l i p i ds are not cons i stent wi th  a bi l ayer structure 

e i t her . The proport i on of  phosphol i p i ds i s  l ow ,  i . e .  10- 1 5% ,  
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and  one of the major  one s , ( MAG ) 2P ,  i s  a d i fferent s hape to  norma l 

b i l ayer phosphol i p i ds .  I t  has  on l y  one fatty aci d cha i n  pe r g l yceryl 

u n i t ,  rather than  the norma l space fi l l i ng two . Free fatty ac i d s  

p refer a m ice l l u l a r arrangement . Ub i q u i none does n o t  fi t i nto t h e  

p hosphol i p i d  pa l i sade  of bi l ayer membranes but proba b l y  s i ts paral l e l 

to the p l ane of  the  membrane i n  the hyd rophobic  core between  the two 

sets  of acyl c h a i ns  (A l onso et a l . ,  1 98 1 ;  Kats i kas and Qui nn , 1 98 3 ;  

A randa and Gomez - Fe rnandez , 1985 ; Ul r i c h  e t  a l . ,  1985 ; Ondarroa and  

Qu i nn , 1 986 ) . Both  dol i chol  and dol i c hyl esters have been shown to 

be d i srupt i ve of bi l ayer membranes ( Va l ters son et a l . ,  1985 ) , wh i c h i s  

not  surpri s i ng con s i deri ng the i r  structure s . Dol i chol wi th 90- 1 0 5  

c a rbons i s  fa r too l ong j ust  to tran s verse a bi l ayer membra ne , a 

d i stance of o n l y  40- 50 ca rbons . For do l i c hyl esters the prob l em i s  

g reate r .  Of the l i popi gment neutra l l i p i d s  on ly  chol estero l  can  be 

accommodated i n  a b i l ayer pa l i sade . 

Whatever the s tructural  arrangement of  the components of the 

l i popi gment , i t  mu s t  accommodate the fo l l owi ng features : 

( i )  I t  mu st be compati bl e wi th the stoi c h i ometry of the l i pop i gment  

componen ts . 

( i i )  I ts refractory nature to osmot i c  s ho c k  and son i cati on i nd i cate  

that it  must  be " so l i d "  rather than  I If l u i d li •  

( i i i )  I t s  l i p i d sta i n i ng characteri s t i c s  must  be exp l a i nabl e .  

( i v )  The components  of the l i popi gment  mus t  be arranged i n  a way that 

g i ve s  ri se to a mu l t i l ame l l a r a ppea rance . 

( v )  The fl uore scence of the l i popi gmen t , a property that has  

bedevi l l ed so  muc h  research i nto the  ceroi d - l i pofusc i noses , mu s t  be  

expl a i nabl e .  

Further exper i menta l  data are needed for a fi rm hypothes i s  to be 

advanced on the  structural nature of the l i pop i gmen t . However a 1 1  

the above poi n ts can  be exp l a i ned i n  terms of a " Da n i e l l i  and  Davson ll 

( 19 3 5 )  type s tructu re , w i th  a l ternate l aye rs of l i p i d sandwi ched  

between l aye rs of  hydrophobi c prote i n .  H i stol ogi ca l  l i p i d sta i n s 

s ta i n  for hydrophob i c  area s , rather than  for s pec i fi c  functi ona l  

g roups . I n  o rder for the l i popi gment  to a ppear " l i po i d " , i t  mus t  have 

l arge hydrophob i c a reas . These cou l d be the l i pi d s  or equa l l y  

hydrophobi c p rote i n .  
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The fl uorescence of  the l i popi gment i n  the cero i d- l i po fusci noses  ha s  

prev ious l y  l ed to  the  a s sumpti on that  i t  conta i ns a l arge amount of  a 

s trong fl uoro phor , fl uorescent under any cond i t i ons , but th i s  need not 

be the case . Fl uorescence of a compound can be h i ghl y dependent· on 

i ts envi ronment ,  a property of some mol ec u l es that has proved u seful  

i n  determi n i ng s tructura l a rrangements i n  membranes ( Radda , 197 5 ;  

Sh i n i tz ky and  Ba renhol z ,  1978 ) ; for i n s tance the ori entati on of  

u b i qui nones of  varyi ng c ha i n  l ength ( Kats i kas and Qui n n , 1983 ) .  

Fl uorescent s pectra are not I I c haracteri st i c "  i n  the sense  that  the 

l i popi gment fl uore s cence is  c l a i med to be . Absorpti ons  and  emi s s i ons  

can  occur  at  s i mi l a r wavel engths i n  q u i te d i fferent compound s , for the 

s ame reasons as i n  UV- vi s i b l e  spectra . The observed fl uore scence of 

anhydrous  prote i n  s uspended i n  g l ycerol ( Chapter I V )  can  a l one account 

fo r the fl uore s cence  of the l i popi gment , i f  the l i popi gment prote i n  

p rov i de s  i ts own hydrophobi c env i ronment .  Other mo l e cu l e s , that have 

f l uorescent propert i e s  h i g h l y  dependent on the i r  envi ronment may a l so 

contri bute , wi thout there be i ng any I I c haracteri st ic  fl uorophor ll a t  

a l l . I t  i s  a l so worth not i ng that l i p i ds qu i c kly  oxi d i se to 

f l uorophors when exposed to a i r ,  and  such  a rtefacts are a l most  bound 

to be generated i n  prol onged l i popi gment i sol at ion and l i p i d  

e xtract i on procedures a s  used  by pre v i o u s  worke rs . 

There i s  con s i derab l e ev i dence for s uch a I I Dar: 1 e l l i and  Davson ll 

( 19 3 5 )  type of  a s s embl y  i n  II tubul ar  mye l i n  l i ke ll mu l ti l amel l ated 

structures that occur i n  the l ungs of  pati ents wi th pul monary a l veol ar 

p rotei nos i s ( Hook e t  a l . ,  1978 ; 1986 ) . Th i s  d i sea se has  l ong been 

recogn i sed as a prote i no s i s  ( Ro sen e t  a l . ,  1958 ) . Ant i body l abe l l i ng 

h a s  been used to demonstrate the abnorma l prote i n  content ( S i ng h  e t  

�. , 1983 ) . The a bnorma l l y  occurri ng  bod i es i n  th i s  d i sease  have 

s ome structural  s i mi l ari t i e s  to the l i pop i gment i n  cero i d-

1 i pofusc i  nos i s .  

Because of the confu s i on s urroundi ng the pathogenes i s  of  the cero i d­

l i pofu s c i noses  they are often not con s i dered  amongst  the l ysosoma l 

s torage d i seases , e . g .  ( Stanbury et a l . ,  1 97 2 ;  Gl ew et a l . ,  1985 ) .  

On the evi dence presented here they shou l d be . None of the cu rrent  

stud i es  contrad i c t  the  l ong-he l d h i s to l og i ca l  concept of a l ysosoma l 

i nvo l vement i n  l i popi gment formati on . 
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Added to that i s  t he l ysosoma l nature of  the 1 i pop i gment l i p i d s  

( Chapters I V  a n d  V ) .  Furthe rmore , a na l ys i s  of  the 1 i popi gment  meta l 

content suggests  that a t  l east  at some stage i n  i ts b i ogenes i s  the  

1 i popi gment i s  pa rt of a funct i ona l  l ysosomal structure , a b l e to carry 

out normal l yso soma l metal  metabol i sm ( Chapter VI ) .  The s pec i fi c  

accumu l ati on of  some non-excreted meta l s i n  bra i n  l i pop i gment suggests 

that t h i s  capac i ty rema i ns for an extended peri od . Th i s  may seem 

surpri s i ng i n  v i ew of the i so l ated l i pop i gment structure , but i t  

shou l d  be noted that  any l i mi t i ng membrane  su rround i ng the 

l i popi gment i n  v i vo wou l d be destroyed by the i sol at ion  procedure , 

wi th the concomi tant l os s  of so l ubl e l ysosoma l components . Low 

mo l ecu l a r we i ght  prote i ns  are the major  s pec i e s  pre sent i n  the 

l i popi gment . L i ke the storage materi a l  i n  other l ysosoma l storage 

d i seases , they are abnorma l l y  stored to the extent that the i r pre sence 

a l l ows the d i s t i nct ion to be made between tota l control  and  affec ted 

ti s s ue homogenates  ( Chapter V ) .  On these  grounds ovi ne cero i d­

l i pofusc i nos i s  q ua l i fi es as  a l ysosoma l p rote i nos i s .  No i n heri ted 

l ysosoma l protei noses  have been recogn i se d  as  s uch before , but there 

are a number of  pos s i b l e  mechani sms that  woul d l ead  to the abnormal 

accumu l ati on of  prote i ns i n  l ysosome s .  

Most  cel l u l a r proteo lys i s  i s  l ysosoma l ( He rshko and C1 echanove r ,  1982 ; 

Mayer and Doherty , 1986 ) and  two c l a s ses  of 1 ysosomes are i n vol ved , 

one be i ng of s i mi l ar den s i ty to the l i pop i gment cytosomes ( Nee l y  et 

�. , 1977 ; Mort i me r  and Surmacz , 1984) . The rate of l ysosoma l 

proteo l ys i s  i s  res pons i ve to serum concentrati ons of ami no ac i d s , 

e speci a l l y  those  s u i tab l e as  substra tes  for gl uconeogenes i s ( Mort i more 

and  Poso , 1984) , and  po s s i b l y  to other ami no a c i d  deri ved metabo l i tes  

( Gri nde , 1984 ) . I t  i s  a l so respons i ve to gl ucagon and i ns u l i n  l eve l s  

( Sc hworer and  Morti more ; 1979 ; Aron son , 1980 ) . These  fi nd i ngs  s uggest 

that i t  i s  a proces s  of  metabo l i c  a s  wel l  as  of  catabo l i c  i mportance . 

I n  order for l ysosoma l proteo l ys i s  to funct ion i n  th i s manner i t  mus t  

b e  h i gh l y regu l ate d , t o  a l l ow the i ndependent regu l at i on of  the  

degradat i on of  spec i fi c  prote i ns and  the quant i ty of each  degraded 

( Huston and  Morti more , 1982 ) .  Cel l u l a r funct i on wou l d be seri o u s l y  

i mpa i red i f  for exampl e the l ong- l i ved prote i n s  that determ i n e  

phenotyp i c  expre s s i on were n o t  protected aga i n st l ysosoma l 

proteol ys i s .  
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On the other hand there i s  a requ i rement fo r the rap i d  catabo l i sm of  

fa st  act i ng prote i n hormones . Both prote i ns wou l d  l ose thei r 

effi cacy i f  t hey were not segregated from randoml y m i xed  prote i ns and  

prote i n  fragments that a re catabo1 i sed to ami no aci d s  to  fu l fi l l  

metabol i c  demand . 

Sequestrati on of  prote i n s  i n to 1 ysosomes o r  pre 1 ysosoma 1 s ubcel l u l a r 

o rganel l es i s  norma l ly  the commi tted and rate l i mi ti ng step i n  protei n  

deg radati on ( Dean , 197 5a ; 197 5b ; Ward et a 1 . ,  1977 ; Sc hworer  et  a 1 . ,  

1 981 ) .  Some control i s  ev i dent at th i s  l e vel ( Seg 1 en et  a 1 . ,  1980 ) , 

a n d  d i fferent  prote i ns enter the l ysosoma l compa rtment by d i fferent 

mechan i sms ( Gr i nde , 1985 ; Seg 1 en et a 1 . ,  1985 ; G1 aumann et  a 1 . ,  1985 ; 

Kha i ra 1 1 a h ,  1 98 5 )  a l l owi ng  further d i scr i mi nat i on . However because  

en try i n to the l ysosoma l sys tem i s  rate l i mi ti ng , l i ttl e i s  known of  

s u bsequent s teps . I ntermedi ates i n  the degradation  pathway a re 

ra p i d ly  catabo 1 i sed  wi th the concomi tant l os s  of  such  experi menta l 

determi nants a s  an t i gen i c i ty ( Beynon et  a l . ,  198 5 )  wh i c h ma kes trac i ng 

the  fate of any part i cul a r  prote i n  d i ffi c u l t .  One approach to th i s 

probl em i s  the use  of l ysosoma l protea se i n h i b i tors , that s l ow 

l ysosoma l proteo l ys i s  and  ma ke i t  the rate l i mi t i ng step ( Seg 1 en et 

�. , 1985 ) . For i nstance 1 eupepti n ,  a l ysosoma l protease i nh i b i tor  

ca uses  the acc umu l a t i on of  dense and comp l e x  ve s i c l e s  in  hepatocytes 

after i n  v i vo admi n i stra t i on ( Kovacs  et a 1 . ,  1985 ) .  Dense  bod i es have 

a l so been observed i n  neurones of rat bra i ns i nto wh i c h  1 eu pept i n  had 

been perfused . They formed q u i c kl y ,  the i r  formati on was revers i bl e ,  

a n d  they had structural  and  fl uorescent propert i es that drew a tten t i on 

to thei r s i mi l ar i ty to l i pofu sc i n and  1 i pop i gments i n  the cero i d-

1 i pofusc i noses  ( I vy et a 1 . ,  1 984 ) . I t  may be of  i nterest  that 

1 eu pept i n has  a l so  been shown to bl o c k  certa i n  l earn i ng tas ks i n  rats  

( Staub1 i ,  1985 ) .  

A n umber of l yso soma l proteases have been descri bed , some wi th qu i te 

pa rt i c u l ar spec i fi c i t i es ( Ba rrett and  Heath , 1977 ) .  Other l ysosomal 

p roteases have subsequent l y  been descri bed ( e . g .  Tanaka  et a 1 . ,  1 984 ;  

L i ao and  Lenney , 198 4 ;  Muto and  Tan i , 198 5 )  and  there i s  no  reason to 

be l i eve that a l l  the enzymes i n vo l ved have been d i scovered . There a re 

a l so endogenous  i n h i b i to rs of l ysosoma l protea ses  ( e . g .  Katunuma and  

Komi nami , 1983 ) . 
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The rol e  of protea ses in  th i s proce s s  does not  s top wi th 

i nt ra l ysosoma l proteo l ys i s .  Proteases  a re a l so  i nvol ved i n  the  

con tro l  mechan i sms . L imi ted proteo l ys i s  may s i gna l the i n i t i a l  

commi tment o f  prote i n s to i ntral ysosoma l degradation ( Gri nde , 198 5 ) . 

Di fferent l evel s o f  cathep s i n s  i n  d i fferent ti s s ues s uggest that they 

may be i nvo l ved i n  spec i a l i sed cel l u l a r functi ons other than bu l k 

i nt ra l ysosoma l prote i n  degradat ion ( Segundo et  a l . ,  1986 ) . Spec i fi c  

l ysosome a s soc i ated proteases may a l so be requ i red for the act i vati on 

of certa i n  l ysosoma l enzyme s from "zymogen l i ke "  precursors . Thi s i s  

so i n  yeasts  ( Ammerer e t  a l . ,  1986 ; Woo l ford e t  al . ,  1986 ) .  As i n  

these organ i sms c u rrent  knowl edge o f  proteases " i s  l i ke l y  to be o n l y  

t h e  t i p  o f  t h e  i ce berg " (Achstetter et  a l . ,  1984 ) . 

I n h eri tance of  ov i ne cero i d- l i pofu s c i nos i s i s  a s  an autosoma l 

reces s i ve trai t ,  s uggesti ng that an  enzyme defect i s  i n vo l ved . I f  

the  accumu l a ted  prote i n wa s a di rect  consequence of abnorma l prote i n  

synthes i s a domi nant  i n heri tance wou l d  be expected . The s i mp l e s t  

rat iona l e  fo r t h e  accumu l at ion  o f  l ow mo l ecul a r  we i g ht prote i n s  i n  

l ysosome deri ved organel l es observed i n  t h i s  study i s  that the  defect 

i s  of a l yso soma l protease . Gi ven the control requ i rements  for 

l ysosoma l proteol ysi s ,  a defect i n  the  contro l  of t h i s  process  i s  a l so 

po s s i bl e .  Perhaps on l y  the ki neti c s  of  l ysosoma l proteo l ys i s  a re 

affected , and  the stored pol ypepti de fragmen ts are degraded , a l be i t  at 

a s l ower rate than norma l , resu l t i ng in a l a rger than norma l 

i n tra lysosoma l s teady state pool of  proteol ys i s  substrates . 

No  i nborn e rrors of l yso soma l prote i n  c atabo l i sm have been recogn i sed 

as yet but there is  no a pri ori reason  why they shoul d not occur . I n  

fact the pos s i bi l i ty o f  such  di seases  h a s  prev ious ly  been advanced 

( Dean , 197 5a ) . The i r l ac k  of occurrence  wa s expl a i ned  by a 

postul ated i ncompati bi l i ty wi th l i fe .  However that wa s befo re the 

nature of the  l i popi gment in ovi ne  cero i d- l i pofusc i nos i s  wa s 

recogn i sed , and  before the compl exi ty and  consequent subtl e ty of  

l ysosoma l proteo l ys i s became apparent . I t  i s  al so  pos s i b l e  that 

t here exi s t s  somewhe re in  the cel l a normal mec han i sm to degrade the 

s tored po l ypepti des or  the i r  precu rsors and that the i nborn e rro r 

causes  the i r  erroneou s  presentat ion  to the l ysosoma l sys tem . 

A bnorma l pos t- trans l at i onal  mod i fi cati on  of prote i n  may be i nvo l ved . 

A fa i l ure i n  non- l ysosoma l proteo l ys i s  coul d a l so resu l t i n  the 
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accumu l ati on  of  non-degradabl e fragments  i n  l ysosomes . 

Thi s l i st o f  pos s i bl e  pathogen i c  mec han i sms i s  not exhaus t i ve .  

Further expe r i mentat ion  i s  requ i red  before any fi rm conc l u s i ons  can be 

reached as to wh i ch mechan i sm i s  operat i ng i n  ov i ne cero i d-

l i pofusc i no s i s ,  o r  the other cero i d- l i pofusc i noses . S i nce ov i ne 

cero i d- l i pofu s c i nosi s i s  a good mode l  for the other cero i d­

l i pofusc i noses  they a re a l so l i ke l y  to a ri se i n  a s i mi l a r  way . 

D i fferent muta t i ons  affect i ng the s ame prote i n , or mutati ons  a ffect i ng 

d i fferent c l ose l y  rel ated prote i n s  cou l d  account for the prev i o u s l y  

unexp l a i ned  s ubtypes of  the cero i d- l i pofusci noses . 

Whatever the  unde rl yi ng  defect i n  o v i n e  cero i d- l i pofusc i nos i s  severa l  

cri teri a mu st  b e  met for the d i sease  t o  be compati bl e wi th l i fe . The 

abnormal l y  stored  prote i n s  mu st have someth i ng i n  common that causes  

the i r  degrada t i on to  be  i mpa i red . If  a l arge proporti on of 

proteo l ys i s s u bstrates were so affected , vi ab i l i ty of even a foetus  

wou l d seem un l i ke l y .  Th i s  suggests  that  the prote i n s whose  

degradat i ons  a re di sturbed a re l i mi ted . Even  though the extent of 

heterogene i ty of  the stored prote i ns i s  unc l ea r ,  the f i n d i ng of stored  

pol ypepti des  of  s pec i fi ca l l y  defi ned  mo l ecul ar  wei ghts ( Chapter V )  

s upports th i s  v i ew .  Such c i rcums tances wou l d ari se i f  the catabo l i sm 

of on ly  some rare prote i n ( s ) were affected . A l ternati ve l y  a h i gh l y 

s pec i fi c  protease  res pon s i b l e  for the c l eavage of an uncommon ami no 

ac i d sequence coul d be mi s s i ng . G i ven the degeneracy of  l ysosoma l 

proteol ys i s ,  wi th both C and N termi na l  pepti dases a s  we l l  a s  

endopept i dases  bei ng i nvol ved ( Barrett and Heath , 1977 ) ,  i t  i s  

pos s i bl e  that  some other concomi tant e vent i s  requ i red . For i nstance 

the N term i n a l  bl oc kage of a sma l l proport ion  of prote i ns by g l ycati on 

may bl oc k degradat ion  from that end . The a bsence of a C termi nal  

pept i dase  may then become apparent , wherea s for norma l prote i ns i ts 

l ac k  of acti v i ty cou l d  be covered for by degradat i on from the N 

termi nal  end . 

The stud i es presented here have i mp l i cati ons  for other fi e l d s  of 

re search bes i de s  the cero i d- l i pofusc i n oses . Whatever the nature of 

the pri ma ry l e s i on ( s ) i n  these d i seases  the i r  el uci dat ion  may g i ve an 

i n s i ght  i n to the norma l mechan i sms of  lysosoma l proteo l ys i s .  As 

stated earl i er ,  because  i n i t i a l  commi tment to th i s  proces s  i s  norma l l y  
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rate l i mi t i n g , su bsequent steps a r e  hard to study . U l t rastructural  

studi es i n  cero i d- l i pofusc i nos i s , where the rate l i mi t i ng step may be 

c hanged , co u l d provi de some i nd i c a t i o n  of s u bsequent s teps  i n  th i s  

proces s ,  for exampl e on the debated ro l e  of transport ves i c l es . I t  

i s  of note that  norma l l y  un seen I I pre s umpt i ve transport ve s i c l e s ll have 

been reve a l ed  i n  stud i es of I - ce l l d i s ease affected fi brob l a s t s  ( Van 

Dongen et  a l . ,  1985 ) . 

Cytosome s wi th  s i mi l a r morphol og i ca l  a nd sta i n i ng propert i e s  to the 

l i popi gme n t  i n  cero i d- l i pofusc i no s i s  have been observed a fter 

treatments  wi th  a n umber of drugs  that  perturb l ysosoma l fun ct i on 

( Lul l man e t  a l . ,  1978 ; Rees , 1978 ; B uchme i m ,  197 9 ;  B l o k  e t  a l . ,  198 1 ; 

Lu l l mann a nd  Lu l l mann-Rauc h , 1 98 1 ; Furuno et  a l . ,  1982 ; Chri stensen et  

a l . ,  1983 ; Jagel  and  Lu l l mann-Rauch , 1 984 ; G l aumann et a l . ,  1986 ) . 

A s  menti oned ear l i er the effect o f  l eu pept i n  has  been recogn i sed a s  

c a u s i n g  a prote i nos i s  ( Furuno e t  a l . ,  1 982 ; I vy e t  a l . ,  1 984 ) . I n  

other cases  a n  i nduced l i pi dos i s  has  been i nvo ked to expl a i n  s i mi l ar 

observat i on s  ( Lu l l mann  et a l . ,  1 978 ; Buchhe i m  et  a l . ,  1 97 9 ; Lu l l mann  

a nd  Lul l ma n n - Rauch , 1 981 ; Chri stensen  e t  a l . ,  1983 ; Jage l  a nd  

Lu l l mann-Rauc h , 1984 ) . The bases of s uch  descri pti ons a re l argel y  the 

same as  those previ o u s l y  u sed fo r the cero i d - l i pofusci noses ; the 

apparent l i po i d  nature of the abnorma l l y  occ urri ng cytosomes a s  

i nd i cated by u l trastructural and h i s tochemi c a l  studi es . The s ame 

wea knesses  appl y .  Some of these i nduced d i sea ses may therefo re a l so 

be prote i noses . There i s  evi dence for the accumul at ion  of  prote i n  i n  

c h f oroqu i ne and  c h l o rphentermi ne i nduced II l i p i doses ll ( B l o k  et  a l . ,  

1 98 1 ; Chri stensen  et a l . ,  1983 ) .  Some of the drugs that i nduce so-

c a l l ed II l i p i do s e s ll may be s pec i fi c  i nh i bi tors of l ysosoma l 

proteol ys i s ,  but  thi s need not be a precond i t i on for a prote i nos i s .  

E ven drugs  that cause  a genera l i sed d i s turbance  i n  l ysosomal funct i on , 

for i nstance by i ncreasi ng  the i ntra l ysosoma l pH , are l i ke l y  to affec t  

l ysosoma l proteo l ys i s  more than other  l ysosoma l catabol i c  pathways i f  

i t  i s  i n deed  the  mos t  sens i t i ve a nd  regu l ated of l ysosoma l degradati ve 

pathways . 

The I Iden se  bod i e s ll observed i n  some of  these d i seases a nd  i n  metabo l i c  

perturba t i o n s  o f  l ysosomal proteo l ys i s  are l i ke l y  to have a h i g h 

prote i n  to l i p i d  rat i o .  The i r  a ppa rent  mu l ti l amel l ar membranous  

appearance i s  therefo re l i ke l y  to  be decepti ve for the s ame rea sons a s  
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for the  l i popi gment i n  cero i d- l i pofus ci nosi s .  The s ame constra i nts 

on a " S i nger  and  N i chol son " ( 197 2 )  type bi l ayer membrane structure are 

l i ke l y  to appl y .  

Many o f  the  propert i e s  o f  the l i pop i gment from ti s s ues  o f  sheep wi th 

cero i d- l i pofus c i nosi s have a l so been reported fo r the age pi gment  

l i pofu s c i n .  There i s  a s i mi l a r heterogenei ty of fl uorophors i n  

l i pofu s c i n from human heart ( S i ebert et a l . ,  1962 ; Hend l ey et a l . ,  

1963a , b )  and  ret i n a l  pi gment ep i thel i um ( E l dred et  a l . ,  1982 ) . Non­

TLC-mi grat i ng f l uorescent l i po i d  materi a l  i s  on l y  a mi nor component i n  

l i pofusc i n  from human l i ver  wh i c h conta i ns the normal t i s s ue 

phosphol i p i ds .  ( MAG ) 2P i s  a component of l i pofusc i n from a vari e ty 

of ti s sues  ( S i a kotos and Koppang , 197 3 ) . S imi l arl y ,  do l i chol i s  a 

s i gn i fi cant  component of bra i n  l i pofu sc i n  ( Pul l arkat a n d  Reha , 1 98 2 )  

and i s  enri ched i n  most  ti s sues  where l i pofusci n accumu l ates 

( Pu l l arkat  et a l . ,  1984 ) . The dol i chol  content of  many t i ssues  

i ncrea ses  wi th age  ( Ke l l e r and  Nel l i s ,  1 986 ) . Prote i n  i s  the major  

component  of  hea rt l i pofusc i n and  prel i mi nary expe r iments  s uggest  that 

l i pofu s c i n has  a h i gh prote i n  to l i p i d  rati o  ( S i ebert et  a l . ,  1 96 2 ;  

Hend l ey e t  a l . ,  1963b ; R . D .  Jo l l y  pers . comm . ) .  The components i n  

i ts mu l ti l amel l a r structures  may be s i mi l ar ly  orga n i sed  to those i n  

the cero i d- l i pofusc i nos i s l i pop i gment rather than mul t i p l e  l ayers of  

Si nger a n d  N i chol son ( 197 2 )  type b i omembrane s . Cero i d- l i pofusc i nos i s  

has been pre sented a s  a model  fo r a g i ng (Arms trong and  Koppang , 198 1 ) .  

The s i mi l ari t i e s  between l i pofu s c i n and the l i popi gment i n  cero i d­

l i pofu s c i nos i s  s uggest that th i s  i s  val i d ,  a l be i t  for d i fferent  

reasons  to those  usua l l y  advanced . Other l i pofus c i n- l i ke 

l i pop i gments  may a l so be l argel y  protei naceous , and  the  consequence of 

genera l d i s rupti ons  in l ysosoma l functi on parti cu l arl y a ffecti ng 

l yso soma l proteo l ys i s .  More exper imental  data are requ i red to 

unravel  the  i nter-rel at ions h i ps between these  l i pop i gments . I n  the  

i nteri m a peroxi dati ve ori g i n  for a ny of them shoul d not be  rega rded 

as axi oma ti c .  

Recogn i t i on of ov i ne cero i d- l i pofu s c i nos i s  a s  a l ysosomal  prote i nos i s  

i s  a cons i derabl e advance i n  the understa nd i ng of these  d i �ease s . 

Because  i t  i s  an accurate mode l  of the human di sease i t  may have 

conseq uences  of a d i rect ly  med i ca l  n ature . The fa i l u re to fi nd  any 

j ust i fi cat ion  for desferri oxami ne  t herapy ( Chapter V I ) s uggests that 
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th i s  treatment s hou l d be re-eva l uated . Sens i t i ve methods for the 

detect ion  of  the abnorma l l y  s to red pol ypept i des cou l d open a way for 

prenatal  d i agnos i s  of  the d i sease . Su i tab ly  mod i f ied  i so l ated stored 

pol ype pti des  may be useful  as substrates for the a ffec ted  enzyme 

act i vi ty ,  and  co u l d  be usefu l i n  heterozygote detec t i o n . The 

achi evement  of a ny of these ends wo ul d he l p a l lev i ate the human 

sufferi ng c aused by the cero i d- l i po fusc i noses , even be fore the i r  

pathogene s i s i s  ful l y  understood . 
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