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ABSTRACT

In the lactic strePtococci glucose is metabolised to lactic
acid via the Enbden-Meyerhof-Parnas (m@) pathway' Metabolism of
lactose and galactose ln these organisms lnvolves Participatlon of
the D-tagatose 6-phosphate pathway in which galactose 6-phosphate

is metabolised to triose phosphates via tagatose derivatives.

Phosphofructokinase (ATP : D-fructose 5-phosphate l-phospho-

transferase, E.C. 2.7.L.11) catalyses the ATP-dependent phosPhory-

lation of fructose 6-phosphate ln the BtP pathway. The analogous

reaction in the tagatose 5-phosphate Pathway, phosphorylatlon of
tagatose 6-phosphate with ATP, ls catalysed by a speclfic enz)rme'

tagatose 6-phosphate klnase. While phosphofructokinase (PFK) is
known to be a maJor regulatory enz5rme l-n carbohydrate metabolism

ln most organisms, li.ttle is known of the regulatory proPerties of
tagatose 6-phosphate kinase (T5PK).

PFK and T6PK were purlfied froa Streptoeoeeus Laetis CtO

PFK was purified to homogenelty (354-fo1d purifLcatton) by afflnity
chronatography on Blue-dextran-Sepharose. Unlike PFK' T6PK did not

bind to Blue-dextran-Sepharose : a 136-fold puriflcation was achieved

using anrmonium sulphate fractionation, ge1 filtratLon, and ion

exchange chromatography.

A study of some of the properties of PFK and T6PK from S.

Laetls C,^ showed that these two enzymes are distinct proteins with
IU

different physical and kinetic characteristics.

s. Laetis PFK ls a tetramer (}fi,l 145,OOO daltons) of ldentical
subunits of molecul-ar weight 33r5OO daltons. It therefore aPPears

structurally sinilar to other bacterial PFKs.

T6PK fron ^9. Laetis has a molecular weight of approximately

114,OOO daltons, a value sinilar to that of Staphyloeoeeus alneus

T6PK which is a dlmer.

.9. Laetis PFK exhibited the co-operative blnding of F6P and

inhibition by high concentrations of ATP relative to F6P which is
typical of most bacterial and mamnalian PFKs. F6PO., and K, (MeATP)

values were O.28rilt and O.18 mM respectively. ADP stimulated PFK

activity, shifting the slgmoidal saturat.ion curve to a more

hyperbolic form, with a corresponding decrease in rq,. Ammonium and
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potasslum l-ons also activated PFK, while activity was inhibited by

AMP, PEP, FBP, T6P and inorganic phosphate. In contrast to PFK,

T6PK showed no co-operative binding of sugar phosphate substrate and

was less sensitive than PFK to ATP lnhibition. K, values for T6P

and MgATP were O.16 nI,I and 0.4 nM respectively. Apart from arnmonium

and potassium ions, no activat.ors of T6PK were found. Activity was

lnhiblted by ADP, PEP, and FBP. PFK and T6PK could catalyse
phosphorylation of both F5P and T6P although the enzymes showed a

much greater affinity for their natural substrate. Maximum velocities
attaLned were higher with the natural substrate than when the other
sugar phosphate was used as substrate.

Both enzynes showed similar pH optina and divalent cation
requirement.

Levels of PFK, T6PK, and Galactokinase (Gal K), enz)rmes of the

Enbden-Meyerhof-Parnas, Tagatose 5-phosphate, and Leloir path\rays

respectively, were measured in strains of 5. Lactis, S. eranoris"
S. diaeetylactis and ,9. faeealis grown on different sugars. Growth

on lactose and galactose induced increased Levels of T6PK and Gal K

actlvity, gal-actose generally lnducing higher levels of T5PK than

lactose.

In most strains, addltlon of glucose to nedia containing lactose
or galactose resulted Ln l-owered activlties of Gal K, comparable to
those in glucose-grown cells. In contrast, T6PK activity was

general.ly not suppressed by growth on glucose plus lactose, while in
growth on glucose plus galactose, T6PK actlvlty was approxinately
5O7" of the activity in cells grown on glucose alone.

PFK actlvity was generally unaffected by the sugar ln the growth

medium.

In spite of changes in specific activities of PFK and T6PK

throughout the growth perlod of ,5. Laetis, the ratio of PFK : T6PK

remained fairl-y constant.

The properties of ,5. Laetis PIK and T6PK are compared to those

of these enz)rmes in other bacterla, and the possible role of T6PK in
regulatlon of carbohydrate metabolism in 5. Laetis is discussed.
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^280 ^540ArA

ADP

AMP

ATP

blsacrylanide

B-gal
p-P-gal

BPB

BSA

ABBREVIATIONS

absorbance at 28O rrm and 540 nrn

adenosine 5 r-diphosphate

adenosine 5 r-monophosphate

adenosine 5 r-trlphosphate

N, Nr-nethylene bisacryLamide

B-D-galactosidase
phospho-P-D-galactos idase

bronophenol blue
bovine serum albumin

dlethyL aninoethyl
dihydrory acetone phosphate

EeeLteriehia eoli
Entner-Doudoroff
ethylene diamine-tetra acetic acid
Enb den-Meyerho f -Parnas

change in free energy

glyceraldehyde 3-phosphate

glucose 6-phosphate

glucose 5-phosphate dehydrogenase

glucose 1,6-bisphosphate
galactose
galactose 6-phosphate

galactokinase

cAIIP 3t, 5t cyclic AMP

CU carborynethyl
CTP, GTP, TTP, ITP, UTP 5t-triphosphates of cytosine, guanine,

thynine, inosine, and uracil

F5P fructose 6-phosphate

F6P^ . concentration of F6P giving half maximalu') velocity
FBP fructose l-,6-bisphosphate

DEAE

DIIAP

E. eoLi

ED

EDTA

El'lP

AG"

G3P

G6P

G6PDH

GBP

Gal

Gal 6P

Gal K
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ccGPDH

HEPES

HMP

xvili

9Lucose

ea-glycerophosphate dehydro genase

N- 2-hydroxyethylpipe raz ine-N | - 2-ethane sul fon ic acid

hexose monophosphate

inhibitor constant

Michaelis-Menten constant

lacEose

l-actate dehydrogenase

2- (N-norpholino) ethanesulfonic acid
molecular weight

K.
l_

K
m

Lac

LDH

MES

MW

+
NAD'

NADIT
+

NADP'

NADPII

NBT

ND

h
ox

PEG

PEP

PFK

PGA

PGI

P.
t-

PK

PMS

PP.
r-

PS

nicotinamlde adenine

reduced nicotinamide

nicotinamide adenine

reduced nicotinamide
phosphate

nitroblue tetrazolium
not deternlned
Hill coeffl.cient

oxidised

polyethylene glycol
phospho-enol pyruvate

phosphofructokinase

phosphoglycertc acid
phospho glucose isomerase

lnorganlc phosphate

pyruvate kinase

phenazine nethosulphate

lnorganLc pyrophosphate

protamlne sulphate

reduced

rlbose 5-phosphate

relative noblllty

dinucleotide
adenine dinucleotlde
dinucleotide phosphate

adenine dinucleotide

red

R5P

\
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s soncentration of substrate required to-o'5 
glve half maximal velocity

SDS sodlum dodecyl sulphate
Sn supernatant

T6P tagatose 6-phosphate

T6PK tagatose 5-phosphate kinase

TEMED N, N, Nt, Nt - tetranethylene diamlne

TPI trlose phosphate isomerase

Trls tris (hydro:rynethyl) anino methane

TrLs-glycerol buffer 50 nM Trts HCl containlng 20% (v/v) glycerol,
5 DM EDTA, 5 mM t'lgCL* and 10 nM
2-mercapto ethanol

u In all figures, u represents the Greek letter
Ur the sYnbol for r-lcrol

V____, V_ maximrn velocltyDax- m
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