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ii . 

ABSTRACT 

Pyruvate kinase catalyses the main irreversibl e reaction of glycol ysis 

in Propionbacterium shermanii since the ATP-dependent phosphofructokinase 

is l argel y repl aced by a pyrophosphate-dependent phosphofructokinase 

catalysing a reversibl e reaction . Measurement of activity of several 

glycolytic enzymes in gl ucose- ,  gl ycerol - and l actate-grown cel ls  showed 

that pyruvate kinase activity is much higher than that of pyruvate , 

orthophosphate dikinase which catalyses the reversible interconversion 

of PEP and pyruvate . 

This poses probl ems in cel l s  grown on l actate where gl uconeogenesis 

must operate to supply hexoses and pentoses for biosynthesis . The 

regul atory properties of this enzyme were accordingly studied . 

The partial ly purified ( 140-fol d )  pyruvate kinase displ ayed sigmoidal 

kinetics for both of its substrates , phosphoenol pyruvate { PEP)  and ADP . 

At pH 7 . 5  the interaction coefficient ( nH ) for PEP saturation in the 

absence of effectors was in the range 1 . 9-2 .5  \'thil e  for ADP saturation it 

was 1 . 7-2 . 1 .  The pyruvate kinase was shown to be activated by gl ucose 

6-phosphate (G6�at non-saturating ( 0 . 5  mM) PEP concentrations but other 

glycolytic and hexose monophosphate pathway intermediates and AMP were 

without effect.  Hal f-maximal activation was obtained at 1 mM G6P . The 

presence of G6P decreased both the PEPo . 5v and ADPo . sv val ues and the 

Hil l  interaction coefficient for each substrate . The enzyme was strongly 

inhibited by ATP and inorganic phosphate ( Pi ) at a l l  PEP concentrations . 

At non-saturating ( 0 . 5  mM) PEP hal f-maximal inhibition was obtained at 

1 . 8 mM ATP and 1 • 4 mM Pi . The inhibition of both Pi and ATP cou ld  be 

l argely overcome by G6P .  The G6P activation and other regul atory 

properties of the enzyme were pH dependent . 



i i i .  

On the bas i s  of th i s  i n  v i tro study i t  was suggested that the 

acti vi ty of pyruvate k inase i n  v i vo i s  determi ned by the bal ance 

between activators and i nh i bi tors such that i t  i s  i nh i bi ted by ATP 

and Pi during gl uconeogenes i s  whi l e ,  duri ng gl ycolysi s ,  the i nh i bi tion 

i s  rel i eved by G6P .  Such a mechani sm requi res that the G6P concentration 

shoul d be sufficientl y high when cul tures are grown on gl ucose or glycerol 

but not on l actate . 

To veri fy thi s proposed mechani sm the i n  vi vo concentrati ons of  

a number of sel ected g lycolyti c i ntermedi ates were measured in  P . sherman i i  

growi ng under a range of nutri ti onal condi ti ons usi ng batch and 

conti nuous cul tures .  The pyruvate ki nase acti vator , G6P ,  was mai ntai ned 

at l evel s of 1-2 mM i n  l actate-grown cel l s  but , when growi ng i n  the 

presence of h i gh l evel s of  g l ucose or glycerol , G6P was present at l evel s 

between 5 and 16 mM i n  the cel l .  

F6P and FBP were a lways present at l evel s bel ow 1.0 mM and 0.2 mM 

respecti vely i n  l actate- and gl ucose-grown ce l l s  but attai ned s i gni fi cantly 

h igher l evel s on gl ycerol -grown cel l s . At hi gh concentrations of  

gl ucose where h i gh G6P l evel s were found , F6P was present at concentrati ons 

much l ower than woul d be expected from the equi l i br i um constant of the 

phosphogl ucoi somerase ; thi s was not the case when h i gh G6P l evel s were 

attained by growth on glycero l . The reason for thi s i s  not known . 

level s of  the i nh i b i tor of pyruvate k i nase acti v ity ,  ATP , were mai ntai ned 

i n  the range 1-2 nf.t under al l the condi ti ons studi ed.. At the in vi vo 

l evel s of the substrates PEP and ADP thi s  l evel of ATP woul d not by i tsel f 

mai nta i n  pyruvate k i nase i n  an i nacti ve state i n  the presence of  the 

1 -2 mM G6P shown to be present i n  l actate-grown cel l s .  The other inhi bi tor, 

Pi , must  al so be important but the _!n vi vo l evel s of thi s  effector were 

not determi ned .  



iv.  

A reinvestigation of the pyruvate kinase at the in vivo level s of  

substrates ( PEP and ADP ) and  effectors (G6P and ATP) found in  the ce l l  

indicated that .  at  l evel s above 10  mM Pi• concentrations of 5-15 mM G6P 

( as found in cel ls  growing on gl ucose and glycerol ) were required to 

activate the enzyme whil e concentrations of 1-2 mM G6P ( as found in 

l actate-grown cel ls ) were not ab l e  to overcome the inhibition by ATP and Pi • 

A concentration of  10  mM P ; in the cel l  does not seem unreasonabl e and 

at this concentration the proposed mechanism for control of the pyruvate 

kinase �vivo woul d be abl e to operate . 

During this investigation data were also col l ected on growth yiel ds 

and carbon bal ances in both batch and continuous cul tures during growth 

on the three substrates l a ctate . gl ucose and gl ycerol . 

Succinate was found to account for up to 26% of the products in 

gl ucose cul tures but was only present at negligibl e l evels in l actate 

cul tures. Accumul ation of succinate in the gl ucose cul tures was 

highest in the l ater stages of growth of  batch cul tures and in carbon

limited continuous cul tures when the G6P l evel was l ow. This suggests 

that regul ation of pyruvate kinase by G6P may a lso serve to determine 

the rel ative fl ux via the PEP : carboxytransphosphoryl ase and pyruvate 

kinase enzymes - the carboxytransphosphoryl ase functioning to provide 

PP; for the PP; -dependent phosphofructokinase in glycolysis . 

I t  is a lso proposed that G6P may be invol ved in partitioning g l ucose 

metabolism via g lycolysis and the hexose monophosphate pathway - high 

internal G6P concentrations favouring fl ow through the hexose monophosphate 

pathway and thus bypassing the PP; -dependent phosphofructokinase - however . 

this is highly specul ative . 
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2�N-morphol i no_lethane sul phoni c  aci d  

ni coti nami de aden i ne d inucl eotide 

ni coti namide aden i ne d i nucl eoti de , reduced 



NADP 

NADPH 

nH 
0°540 

OAA 

PEP 

6-PG 

3-PGA · 
pi 

PP; 

ri bose 5-P 

ri bul ose 5-P 

Trici ne 

Tri s  

UDP 

Ymax 

E. coli 

N . crassa  

S . l acth 

xvi i .  

n i coti nami de adeni ne di nucl eotide phosphate 

n i coti nami de adeni ne di nucl eotide phosphate , reduced 

Hi l l  interaction coeffi ci ent 

opti cal dens i ty at 540 nm 

oxal oacet i c  aci d 

phosphoenol pyruvate 

6 -phosphogl uconate 

3-phosphoglyceri c aci d 

i norgan i c  phosphate 

i norgani c  pyrophosphate 

ri bose 5-phosphate 

ri bul ose 5-pho sphate 

N-tri s ( hydroxymethyl } methyl glyci ne 

tri s  ( hydroxymethyl } ami nomethane 

uri di ne 5 1 -di phosphate 

maximum veloci ty 

Escheri ch i a  col i 

Neurospora cras sa 

Streptococcus l a cti s 




