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Summary 

"Biosynthet ic"  L-threonine dehydratase (EC 4.2.1.16) was purified to a 
homogeneous state with 29% yield of  total activity from Escherichia coli K-12. 
The homogenei ty  of the enzyme was shown by polyacrylamide gel disc electro- 
phoresis in the presence of  dodecyl  sulphate. The enzyme consisted of  
equal subunits having a molecular weight of  about  57 000. The polyacrylamide 
gel disc electrophoresis has shown that the native enzyme consisted of a set of  
oligomeric forms. 

The multiplicity of molecular organization of the enzyme was reflected in 
complicated kinetic behaviour: at pH >9  on the plots of  initial reaction rate (v) 
versus initial substrate concentration ([S] 0 ) there were four inflexion points 
( two intermediate plateaux), the position and deepness of  which depended on 
enzyme concentration. 

At pH 8.3 on the v versus [S] 0 plots appeared two inflexion points (one 
intermediate plateau), the position of which practically did not  depend on 
enzyme concentrat ion in the reaction mixture, but  strongly depended on the 
enzyme concentration in the stock solution. 

Repeated polyacrylamide gel disc electrophoresis of several oligomeric 
forms, isolated by the first electrophoresis, has shown that the oligomeric 
forms underwent  a slow polymerization. 

It was suggested that  "b iosynthet ic"  L-threonine dehydratase from E. coli 
K-12 is a set of multiple oligomeric forms, having different kinetic parameters. 
Probably, each form of the enzyme has a "simple" kinetics characterized by 
hyperbolic or sigmoidal shape of v versus [S] 0 plots. The rate of equilibrium 
installation between the oligomeric forn~s was small in comparison with the 
enzyme reaction velocity, that lead to the complex kinetic curves, appearing as 
a result of summing up of  the kinetics inherent to the individual forms. 
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Introduct ion 

In previous work [1] it has been shown that "b iosynthe t ic"  L-threonine 
dehydratase (EC 4.2.1.16) in the crude extract of Escherichia coli K-12 is 
characterized by a very complicated reaction kinetics, namely, at pH ~ 9  having 
four inflection points ( two intermediate plateaux) on the plots of initial reac- 
tion rate (v) versus initial substrate (L-threonine) concentration (IS]0) .  It was 
shown that these kinetic properties of the enzyme strongly depended on pro- 
tein concentrat ion in the reaction mixture and can not  be explained by a set of  
isoenzymes with different kinetic characteristics. It was suggested that the 
obtained data may be explained by the possibility of  two types conformation 
transitions: in the enzyme oligomer itself and reversible dissociation of  the 
oligomer. 

The detailed analysis of kinetic and allosteric mechanisms of  enzyme func- 
tion and of the relationship between its quaternary structure and the kinetic 
demonstrations of  allosteric interactions was possible, however, only by using 
enzyme of high purity. The purpose of  this work was the development  of  a 
method to purify "b iosynthe t ic"  L-threonine dehydratase from E. coli K-12 to 
an homogeneous state and the examination of some kinetic properties of  the 
enzyme. 

Materials and Methods 

E. coli K-12 was cultivated under aerobic conditions in mineral medium 
with glucose; for the enzyme isolation, the cells were disrupted ultrasonically, 
and the enzymatic activity was determined as described previously [ 1]. 

Enzymatic activity during purification procedures was measured in 0.25 M 
K3PO4 buffer (pH 8.2) using a saturating concentration of  L-threonine 
(5 • 10 -2 M). The buffer ingredients and the conditions of activity measurement 
in the kinetic studies will be specifically indicated. 

The unit of enzymatic activity was defined as the amount  of  protein 
which catalyzed the formation of  1 #mole of  2-oxobutyrate  per min at 26 ° C. 
Specific activity was defined as the amount  of the unit per mg of protein 
determined by the method as described by Lowry et al. [2] .  

Disc electrophoresis on polyacrylamide gel were carried out  by Davis [3] 
and Maurer's [4] methods.  The protein bands on electrophoregrams were 
stained with Coomassie blue. For the demonstrat ion of  enzymatic activity gel 
proteins were stained by the method described by Feldberg and Datta [5] .  
Catalytically active proteins were developed as green zones. On incubation of 
the stained gel for 24 h in the light, broad green zones divided into several 
distinct bands and became red. It must be emphasized that the primary green 
colouring on zymogram truly manifested the localization of the L-threonine 
dehydratase. The red colouring developing later, which enveloped a larger num- 
ber of protein bands, is possibly inherent to pyridoxal phosphate-containing 
proteins and caused, perhaps, by the formation of an aldimine link between the 
aldehyde group of  pyridoxal 5'-phosphate and e-NH2 -group of  lysine residue in 
protein. Indeed, electrophoresis under similar conditions of  the homogeneous 
preparations of aspartate transaminase from hog heart muscle (cytoplasmic 
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isoenzyme) and phosphorylase b from rabbit skeletal muscle produced red 
coloured bands after the gel was exposed to light wi thout  developing the pri- 
mary green colour. 

Disc electrophoresis on polyacrylamide gel in the presence of  sodium 
dodecyl sulphate was carried out  by the method described [6] .  The proteins 
were stained with Coomassie blue for 24 h. Before applying proteins (30--70 
pg) on the gel, the former were incubated for 3 h at 37°C in 0.2--0.3 ml 
solution of 1% sodium dodecyl  sulphate containing 1% of 2-mercaptoethanol,  
and dialyzed for 16--18 hours at room temperature against 0.1% sodium dode- 
cyl sulphate solution containing 0.1% of 2-mercaptoethanol. 

Results 

Enzyme purification 
Precipitation of  nucleic acids and nucleoproteins with protamine sulphate 

and fractionation of  proteins with (NH4)2 S04. For enzyme purification, cells 
of E. coli K-12 were collected by centrifugation, washed with 1 • 10 -3 M potas- 
sium phosphate buffer (pH 8.2) and then resuspended (1 : 10 by weight) in 
0.05 M potassium phosphate buffer, containing 1.2 • 10 -4 M pyridoxal 5'-phos- 
phate, 3.9 • 10 -4 M reduced glutathione (GSH) and 1 • 10 -3 M L-isoleucine; the 
final pH was 7.7. Hereafter this buffer will be called the stabilizing buffer. 

The homogeneous cell suspension could be stored in a frozen state at 
--10 to 15°C without  noticeable loss of  activity at least for two months.  The 
cells were thawed and disrupted ultrasonically before use. 

For separation of  nucleic acids and nucleoproteins from supernatant 
(18 000 X g; 15 min; 0--4°C), protamine sulphate solution (20 mg/ml) was 
added, the quanti ty calculated as 1.4 mg per ml of the extract. The precipitate 
after 30 min at 0--2°C was discarded by centrifugation. 

The proteins were fractionated with a saturated solution of  (NH4)2 SO4 ; 
the pH value of 8.2 was reached by addition of  0.25 M NH4 OH; the (NH4)5- 
SO4-saturated solution contained L-isoleucine (1" 10 -3 M), GSH (3.9 
10 -4 M), EDTA (5.4 • 10 -s M) and 0.05 M potassium phosphate buffer (pH 
8.2). The protein precipites were diluted in the stabilizing buffer containing 
0.23 M KC1. 

Desalting on Sephadex G-25. For desalting of  the 40--60% protein frac- 
tion, a Sephadex G-25 (crude) column {1.8 X 24.5 cm) equilibrated with the 
stabilizing buffer containing 0.23 M KC1 was used. The elution rate was 0.9 
ml/min.; the fractions were collected on 3.2--3.5 ml. The first and the fifth 
fractions had lower specific activities than the protein placed on the column, 
and therefore the combined 2--4 fractions were used for further purification. 

Chromatography on DEAE-cellulose. The DEAE-cellulose (DE-23; pur- 
chased from Whatman, U.K.) column (1.4 X 40 cm) equilibrated with the 
stabilizing buffer (pH 7.7 measured at 20°C) with 0.23 M KC1 addition was 
used. All procedures were carried out  at 0--4°C; the elution rate was 0.8--0.9 
ml/min. Unabsorbed proteins on the column were totally eluted with the same 
buffer  (pH 7.7), then the elution was continued with the same buffer having a 
pH of 6.7 (measured at 20°C). In this case, the protein was eluted by the 
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asymmetric peak having a maximal specific activity. The eluate of the fraction 
had a pH value of 7.0--7.1. 

By this method,  the active protein was purified 56-fold (as calculated 
from the specific activity on the enzyme placed on the column) and had a 
specific activity of 36.5 pmol(mg of protein • min) -1 . This fraction had 45% of 
the total activity of protein placed on the DEAE-cellulose column and con- 
tained 0.78% of total proteins of the same fraction. 

Concentration o f  the enzyme solution. This was carried out  by the 
following procedure: pH value of 7.7 of the active fraction was achieved by 
addition of KOH solution, ionic strength was lowered to 0.17 M (as calculated 
by KC1) by addition of the stabilizing buffer, protein was absorbed on DEAE • 
cellulose and the enzyme was eluted with a small volume of the stabilizing 
buffer containing 1 M KC1. 

All the later experiments were carried out with fresh enzyme preparations. 
The purification results are presented in Table I. This data shows that  

following stages of purification, namely, the precipitation of nucleic acid and 
nucleoproteins with protamine sulphate from cell-free extract; the fractiona- 
tion of proteins with (NH4): SO4, and chromatography on DEAE • cellulose, 
lead to 270-fold enzyme purification. The enzyme was obtained with a yield of 
29% of total activity and 0.1% of proteins in a cell-free extract and had a 
specific activity of 36.5 pmol(mg of protein • min) -1 under standard measure- 
ment  conditions (0.25 M potassium phosphate buffer, pH 8.2, L-threonine con- 
centration was 5 • 10-: M; 26°C). If the enzyme activity was measured at the 
pH opt imum (pH 9.5) the enzyme specific activity was about 60 pmol(mg of 
pro te in ,  min) -1 . 

The enzyme purity and molecular weight o f  its subunit. For the purpose 
of  enzyme purity determination disc electrophoresis on polyacrylamide gel in 
the presence of sodium dodecyl sulphate was carrie; out. Fig. 1 shows that  the 
enzyme preparation was homogeneous and consisted, probably, of identical 
subunits. Indeed, only one protein band was demonstrated with 30 to 70 pg of 
protein in the tube. The subunit has a molecular weight of about 57 000 (the 
average value from three measurements) as found by the method as described 
by Laemmli [6] (see Fig. 2). 

However, we can not  exclude the possibility that  the subunit contains 

T A B L E  I 

P U R I F I C A T I O N  OF  " B I O S Y N T H E T I C "  L - T H R E O N I N E  D E H Y D R A T A S E  F R O M  E. COLI  K-12 

Steps Tota l  Spec.  act.  To ta l  Purif i -  Yield (%) 
proteins E ( ~ m o l  ac t iv i ty  cat ion 
(rag)  (rag p r o t e i n  • ra in)  -1 )  (E  • to t a l  ( -fold)  Of  p r o t e i n s  Of  to ta l  

proteins)  ac t iv i ty  

1 Crude extract  672 .0  0 . 1 3 5  93 .0  1 100  100  
2 Protamine sulphate 590 .0  0 .145  86.1 1.1 87.8  92 .6  

3 4 0 - - 6 0 %  s a t u r a t i o n  118 .0  0 . 6 2 0  73.2  4.6 17.6  78.7 

with  (NH4)2SO 4 
4 S e p h a d e x  G-25 94 .5  0 .650  61 .2  4.8 14.1 65.8  
5 D E A E  • cel lulose 0 .74  3 6 . 5 0 0  27 .0  270 .0  0.1 29 .0  
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Fig. 1. Disc e l e c t r o p h o r e s i s  o n  p o l y a c r y l a m i d e  gel in t he  p r e s e n c e  o f  s o d i u m  d o d e c y l  s u l p h a t e  h i g h l y  
p u r i f i e d  " b i o s y n t h e t i c "  L - t h r e o n i n e  d e h y d r a t a s e  f r o m  E. coi l  K-12 .  26  p g  p r o t e i n  w a s  p l aced  in  t he  tube .  

Fig. 2. D e t e r m i n a t i o n  o f  m o l e c u l a r  w e i g h t  o f  s u b u n i t  o f  h i g h l y  p u r i f i e d  " b i o s y n t h e t i c "  L - t h r e o n i n e  
d e h y d r a t a s e  f r o m  E. coli  Ko12. The  f o l l o w i n g  p r o t e i n s  were  u s e d  as m a r k e r s :  1, c y t o c h r o m e  c (Mr,  
14  O00);  2, l y s o z y m e  (Mr, 14  3 9 0 ) ;  3,  t r y p s i n  (M r, 23 0 0 0 ) ;  4 ,  p e p s i n o g e n  (M r,  4 1  0 0 0 ) ;  5, c a t a l a se  (Mr,  
6 0  0 0 0 ) ;  6,  h u m a n  s e r u m  a l b u m i n  (Mr, 6 5  0 0 0 ) ;  7, ox  s e r u m  a l b u m i n  (Mr,  6 9  0 0 0 ) ;  t he  re la t ive  e l ec t ro -  
p h o r e t i c  m o b i l i t y  o f  e n z y m e  u n d e r  s t u d y  is d e n o t e d  b y  a squa re .  

several polypeptides which are so strongly linked that they do not  separate by 
treatment  of  the enzyme with dodecyl  sulphate in the presence of 2-mercapto- 
ethanol (2% dodecyl  sulphate + 1% 2-mercaptoethanol,  37 ° C, 3 h). It should be 
emphasized that before such treatment of the enzyme preparation containing 
the stabilizing buffer, the former should be dialyzed against water. (Dialysis 
against 0.67% 2-mercaptoethanol solution led to the same result.) On the other 
hand, if the undialyzed enzyme preparation was treated with dodecyl  sulphate 
in the presence of  2-mercaptoethanol there appeared 2--3 protein bands on the 
electrophorograms. 

Molecular multiplicity 
As seen in Fig. 3, the preparation of "biosynthet ic"  L-threonine dehy- 

dratase from E. coli K-12 purified by the abovementioned method during disc 
electrophoresis on 7% polyacrylamide gel pH 7.5, separated at least into 11 
bands, if the bands were stained for protein. (In this case about  300 /~g of  
protein was placed on the tube; when we used the lower amount  of protein, the 
number of  the protein bands was fewer but  was still rather large). The number  
of the protein bands as well as their relative intensity was changed if electro- 
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Fig. 3. Disc e lec trophores i s  o n  p o l y a c r y l a m i d e  gel "of highly pur i f ied  " b i o s y n t h e t i c "  L - th reon ine  dehy-  
dra tase  f rom E. coli K-12. Tris-veronal  b u f f e r  (pH 7) was used  as e l e c t r o d e  buf fer ;  the  separat ion  was  
carr ied  ou t  at  p H  7.5. 300  #g of  p ro t e in  was p laced  on the  tube .  

phoresis was carried out at pH 8.9. This indicates that  these molecular enzyme 
forms are interconvertible. 

Previously determined values for the molecular weight of different molec- 
ular enzyme forms by electrophoresis on gradient polyacrylamide gel have 
shown that  the first band was a polymer with molecular weight above 10 6 . 
Previous study using the ultracentrifuge confirmed the formation of polymer 
with a high molecular weight at a protein concentration of about 0.5 mg/ml. 

The green zone in the process of gel staining for the catalytical activity 
overlapped the 5th to the 8th bands (see Fig. 3); the first band was also 
richly coloured. After light exposure of the treated gel, all electrophorogram 
bands which may be developed as a result of protein staining were red. Hence, 
all the protein bands which divided during disc electrophoresis on polyacryl- 
amide gel contained pyridoxal 5'-phosphate but not all of them had catalytical 
activity. (It was possible, however, that  the activity of some protein bands was 
so small that  it could not  be seen because the method was not  sufficiently 
sensitive or was possibly caused by inactivation of some enzyme subforms in 
the process of purification.) 
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It can be deduced from examination of the data obtained by us from disc 
electrophoresis on polyacrylamide gel untreated and treated with dodecyl  sul- 
phate enzyme preparations, that the enzyme under s tudy consists of  a set of 
multiple forms. As qualitative features during electrophoresis on gradient poly- 
acrylamide gel or standard 7% gel did not  differ from each other, it may be 
concluded that the enzyme multiplicity is determined by degree of  polymeriza- 
tion. 

It should be mentioned that enzyme multiplicity may no t  result from 
partial proteolosis of the enzyme in the process of  purification. Indeed, pro- 
teolosis must  inevitably lead to the formation of several polypeptides which in 
the process of electrophoresis in the presence of dodecyl  sulphate can be seen 
as separate bands. Moreover, the same molecular multiplicity was observed as a 
result of disc electrophoresis of crude cell extracts and also enzyme prepara- 
tions on all the abovementioned purification steps (i.e. the zones which were 
stained green). 

pH-Optimum and substrate specificity 
The purified enzyme had an opt imum pH range of  9.4--9.6 (determined at 

saturating substrate concentrations); the same pH opt imum was found for the 
enzyme in crude extracts [1] .  

The enzyme catalyzed dehydrat ion not  only of L-threonine bu t  also of  
L-serine; this is inherent for all the studied L-threonine dehydratases (for "bio- 
synthet ic"  as well as for "biodegradative" isoenzymes) [7] .  The enzymatic 
activity with L-serine as substrate was 50--100-fold lower than with L-threo- 
nine. On the basis of literature analysis [7] we may assume that the chemical 
mechanism of aft-elimination reaction will cause at least a slow L-serine dehy- 
dratase reaction for any L-threonine dehydratase; just as any L-serine dehy- 
dratase must  have L-threonine dehydratase activity which may be high or low. 
The study of allosteric regulation of the enzyme activity or the regulation of its 
synthesis or degradation in the cell may be a criterium for relating the activity of 
the dehydratat ion of  one of the two a-amino-/3-hydroxy acids to any specified 
enzyme. Indeed, by this method  it has been shown [29] that  in E. coli K-12 
there are individual L-serine and L-threonine dehydratases. 

Kinetic properties 
Previous studies [1] on the crude extract of E. coli K-12 cells have shown 

that the initial reaction rate (v) versus initial substrate concentrat ion ( [S]0)  
plots have a very complicated shape (two intermediate plateaux, i.e. four in- 
flexion points), which were determined by the pH-value of  the reaction mix- 
ture and the enzyme protein concentration. It was also shown [1] that  such a 
type  of reaction kinetics is not  determined by the presence in the crude ex- 
tracts of  "b iosynthet ic"  L-threonine dehydratase isoenzymes which could have 
different kinetic properties. 

As seen in Fig. 4, kinetic plots at pH 9.3 did not  qualitatively differ from 
the ones obtained by using of the crude extracts. At a protein concentration of 
2.5 pg/ml (Curve 4) there were 4 inflexion points ( two intermediate plateaux). 
The increase of  the enzyme concentration to 6.0 pg/ml (Curve 3) and to 15.5 
pg/ml (Curve 2) led to the disappearance of the first intermediate plateau, 
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Fig. 4. D e p e n d e n c e  of  spec. act.  of  h ighly  pur i f ied  " b i o s y n t h e t i c "  L- th reon ine  d e h y d r a t a s e  f rom E. coli 

K-12 on L - t h r eon i ne  c o n c e n t r a t i o n  at  p H  9.3 and  d i f f e ren t  e n z y m e  p ro te in  concen t r a t ions .  A, da t a  
r ep r e sen t ed  in the  coo rd ina t e s  of  v versus  IS]  0; B, the  same in the  doub le  rec iproca l  coord ina tes .  1 and  2, 
the  p ro t e i n  c o n c e n t r a t i o n  was 15.5 pg /ml ;  3-6 pg /ml ;  4-2.5 t tg/ml;  1, in the  p resence  of  L-isoleucine (2.6 • 
10 -4 M), 2, w i t h o u t  L-isoleucine.  

manifested at low substrate concentrations, and clearly demonstrated the sec- 
ond intermediate plateau which shifted to the side of higher substrate concen- 
trations. 

From Fig. 4 it can be seen that  L-isoleucine (2.6 • 10 -4 M) at the enzyme 
concentration of 15.5 pg/ml abolished the intermediate plateau, activating the 
enzyme at substrate concentrations at which the intermediate plateau became 
visible, but did not  change the value of V and did not  lead to "normalizat ion" 
of the kinetic plot; this is distinctly seen from the data represented in the 
double reciprocal coordinates. The calculation of Hill's coefficient values by a 
graphical method has shown that  the plot was not  hyperbolic, and did not  
coincide with Hill's equation. Hence, in this case as well, there was no notice- 
able difference between the effect of L-isoleucine on purified enzyme and on 
the enzyme in the crude cell extracts. 

It should be emphasized that  the ionic strength of the buffer in which the 
enzyme was dissolved strongly influenced the shape of the kinetic plots of 
product  accumulation versus reaction time. When the enzyme dissolved in the 
stabilizing buffer at high ionic strength (1 M potassium phosphate plus 1 M 
KC1) the plots of t ime-dependent product  accumulation had a linear shape. 
Thus, in the above experiments, the values for specific activity were calculated 
from initial reaction rates. On the other hand, if the enzyme dissolved in the 
stabilizing buffer containing 0.23 M KC1 (i.e. at lower ionic strength) was used, 
the shape of the plots of product  accumulation versus reaction time differed 
from linear one (the lag period was observed). 

For homogeneous enzyme the plots of v versus [S]0 at pH 7.4, as well as 
for the enzyme in the crude extracts from E. coli K-12, had a typical sigmoidal 
shape; L-isoleucine (3 • 10 -3 M) shifted the sigmoidal part of this plot towards 
higher substrate concentrations but did not  necessarily change the value of V. 
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In a theoretical analysis [9,10] for allosteric enzymic systems for which 
equilibrium between oligomeric forms occurs, this is slower than the enzymatic 
or comparable reaction, and the allosteric transition in the oligomer itself is at 
high velocity, showing that  in such systems the kinetics of allosteric interac- 
tions may be expressed in a different way, possibly by v versus [S] 0 plots of a 
number of inflexion points (one or two intermediate plateaux). If oligomeric 
systems (for which a rate of achievement of equilibrium between different 
enzymic forms is slower than the rate of enzymatic reaction [9] ), are analysed, 
it can be seen that  the equilibrium between the enzyme forms for practical 
purposes does not change during a time essential for initial reaction rate deter- 
mination. Similar systems may be expressed formally as heterogeneous ones, 
i.e. complicated shapes for p versus [S] 0 plots may result from the combina- 
tion of more simple kinetic characteristics (a hyperbola, a sigmoid) inherent to 
individual components which differ from one another by kinetic parameters. 
However, in spite of  enzyme preparations containing non-interconvertible en- 
zymic forms, e.g. isoenzymes, for a slowly dissociating enzyme system, a ratio 
between the oligomeric forms and features of kinetic plots depends on the "pre- 
his tory" of the system, i.e. on the experimental conditions at which it was 
restored. 

As seen in Fig. 5, practically the shape of the v versus [S]0 plot at pH 8.3 
did not  depend on the used enzyme concentration in the reaction mixture (the 
enzyme stock solution concentration was 0.075 mg/ml); at this pH value only 
one intermediate plateau was demonstrated on the kinetic curve. 

If the enzyme stock solution was initially diluted the intermediate plateau 
on the v versus [S]0 plot disappeared, and the value of V decreased to some 
extent (see Fig. 6). An analysis of these kinetic curves in the Lineweaver- 
Burke's coordinates had shown that  in the second case (Plot 2) when the en- 
zyme stock solution was stored in a diluted state before the measurement of 
enzymatic activity, the v versus [S]0 plot had a tendency to kinetically re- 
vealed "negative" cooperativity [ 11]. 
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Fig. 5. D e p e n d e n c e  of  spec.  act. o f  h igh ly  pu r i f i ed  " b i o s y n t h e t i c "  L-threonine dehydratase f r o m  E. coli  

K-12 on L - t h r e o n i n e  c o n c e n t r a t i o n  a t  pH  8.3 and  at  d i f f e r e n t  e n z y m e  protein concentrations in  the  

r eac t i on  m i x t u r e .  1, 1.1 p g / m h  2, 2.7 p g / m l ;  3, 7.0 p g / m l .  
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Fi~. 6. D e p e n d e c c  of  specific act iv i ty  of  highly pur i f ied  " b i o s y n t h e t i c "  L - th reon ine  d e h y d r a t a s e  f rom E. 
coli  K-12 on L- th reon ine  c o n c e n t r a t i o n  at  p H  8.1 and at  d i f f e ren t  m e t h o d s  of e n z y m e  di lu t ion  f rom s tock  
solut ion.  1, E n z y m e  c o n c e n t r a t i o n  in s tock  so lu t ion  was 0 .19  m g / m l ;  e n z y m e  p ro t e in  c o n c e n t r a t i o n  in 
the  r eac t ion  m i x t u r e  was 1.5 ~tg/ml; 2, the  e n z y m e  s tock  so lu t ion  (0 .19  m g / m l )  was 6-fold d i lu t ion  (0 .031  
m g / m l )  and  s to red  fo r  12 h a t  0 ~ 4 ° C .  E n z y m e  p ro t e in  c o n c e n t r a t i o n  in the r eac t ion  m i x t u r e  was 1.0 

#g /ml .  

The comparison of the data represented in Fig. 5 and Fig. 6 gave addi- 
tionally confirmation of the idea that  the enzyme under study was a set of 
oligomeric forms differing by the degree of polymerization and by kinetic 
properties, and that  the rate of equilibrium installation between these forms 
was distinctly lower than the rate of the catalytic reaction. 

In order to prove that  the process of equilibrium installation was slow, the 
following experiment was carried out. Two samples of  homogeneous enzyme 
were subjected to disc electrophoresis on 7% polyacrylamide gel. One of the 
gels was protein-stained (see Fig. 3), and from the second gel zones correspond- 
ing to the bands 1 + 2 + 3 + 4 (the zone I), to the bands 5 + 6 + 7 + 8 (the zone 
II) and to the bands 9 + 10 + 11 (the zone III) were cut out. The enzymes from 
each zones were by grinding and twice extracting with the stabilizing buffer 
(pH 7.7); the gels were separated by centrifugation, and after incubation for 30 
rain or 14--15 h (at 0--4°C) the enzymes were once more subjected to disc 
electrophoresis under the same conditions. It was shown that  for the enzyme 
solution stored during 30 min the protein bands in zones I, II and III after the 
second electrophoresis had the same electrophoretical mobilities. On the other 
hand, storage of the enzyme isolated from Zone II for 14--15 h led to the 
appearance of band 2 on the protein stained gel; this band is a characteristic 
feature of zone I; the other bands were characteristic features of zone II. Thus, 
the enzyme underwent  a process of slow polymerization. 

It was very interesting to study the kinetics of the reaction catalyzed by 
individual protein bands. Unfortunately,  we could not  isolate the protein from 
individual bands because the difference between the values of electrophoretical 
mobilities of  certain protein bands was small. Fig. 7 shows the kinetics of the 
reaction catalyzed by proteins isolated from zones I and II. (The proteins from 
gels were extracted with buffer, pH 8.0, which was used for kinetic study). As 
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Fig. 7. D e p e n d e n c e  o f  re la t ive  e n z y m e  ac t iv i ty  o f  d i f f e r e n t  s u b f o r m s  "of " b i o s y n t h e t i c "  L - t h r e o n i n e  

d e h y d r a t a s e  f r o m  E. coil K-12 on  L - t h r e o n i n e  c o n c e n t r a t i o n  pH 8.3. A, d a t a  r e p r e s e n t e d  in  the  coord i -  

na tes  o f  v versus  [S]  0~ B, the  s a m e  in d o u b l e  r ec ip roca l  coo rd ina t e s .  1, Z o n e  II (bands  5 + 6 + 7 + 8, s e e  

Fig. 3), 2, Z o n e  I (bands  1 + 2 + 3 + 4, see Fig. 3). 

seen in Fig. 7 in these cases the intermediate plateau on v versus [S] 0 plots was 
absent; Curve 1 (for proteins from zone II) had a typical hyperbolic shape; K m 
= 5.7 • 10 -3 M (see Fig. 7B), and Curve 2 (for proteins from zone I), not  being 
sigmoidal at the same time, was not  hyperbolic (the value of [S]0.5 = 1.2 • 
10 -2 M}. These data suggested that  in a complete system an appearance of one 
intermediate plateau on the v versus [S]0 plot at pH 8.3 may reflect the 
molecular heterogeneity of the enzyme system, the components of which (dif- 
ferent oligomeric enzyme forms) have different catalytical parameters, and the 
rate of equilibrium installation between them being small in comparison with 
the rate of  catalytical reaction. 

It should be noted that  the results represented in Fig. 7 should be con- 
sidered as preliminary, since in the process of cutting out  protein bands from 
polyacrylamide gels it was impossible to isolate individual proteins and since 
after isolation from the gels, the protein concentration in the stock solutions, 
and hence in the reaction mixtures, was very low in comparison with the 
enzyme concentration used while studying the dependence of v on IS] 0 for the 
complete system. 

Discussion 

As follows from the experimental data, "b iosynthet ic"  L-threonine dehy- 
dratase from E. coli K-12 is a system of molecular forms where each individual 
form possibly differs by the degree of oligomerization and kinetic parameters. 

A multiplicity of microbial L-threonine dehydratase had already been 
shown. It had been well documented for "biodegradative" isoenzyme from E. 
coli [12] and from Clostridium te tanomorphum [13] and also for "biosyn- 
thet ic" L-threonine dehydratase from Azotobacter  vinelandii [14].  However, 
for "biosynthet ic"  isoenzyme from E. coli strain which differs from the strain 
used in this study, it was shown that purified enzyme consisted of a dimer 
tetramer system with a high equilibrium attainment rate [15] or a system of 
two other oligomeric forms [16] ; for analogous enzyme from R. rubrum [17],  
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it was observed that there exists not  only dimer and tetramer forms but  also an 
octamer form. 

The most  interesting feature of the system is the slowness at which equi- 
librium is achieved between the oligomeric forms; the rate of the process de- 
pends, first of  all, on the pH value. The appearance of two intermediate pla- 
teaux on the kinetic curves at pH > 9 and dependence of  their position and the 
degree of expression on the concentrat ion of enzyme protein in the reaction 
mixture is, perhaps, due to an increase in the equilibrium installation rate 
between certain oligomeric forms with increasing pH values. On the other hand, 
it may be due to the increase in the number of oligomeric and/or change of  
their kinetical parameters. 

The nature of  the buffer  may also influence the shape of  the v versus [S] 0 
plots as was distinctly demonstrated for "biodegradative" L-threonine dehy- 
dratase from the same strain of  E. coli [18] : in the phosphate buffer these 
plots had a complicated non-hyperbolic shape, wi thout  intermediate plateaux, 
but  in phosphate-carbonate buffer with the same ionic strength and pH value 
these plots had one distinct intermediate plateau. 

Considering that the equilibrium installation between different oligomeric 
forms of  "b iosynthe t ic"  L-threonine dehydratase from E. coli K-12 is slow, it 
may be supposed that in the proces of  enzyme purification it would be possible 
to isolate enough stabile oligomeric forms in individual state. The different 
number  of molecular forms of the enzyme obtained by us and other authors at 
the present moment  can not  be explained. However, it is possible that the 
abovementioned authors used such purification methods that  led to the isola- 
tion of individual oligomeric forms or to a system with a fewer number of  
those forms. 

Perhaps, each form is featured by "simple" kinetics, i.e. a hyperbolic or 
sigmoidal shape of the v versus [S]0 plot, and the complicated shape of  the 
resulting curve is reflected by the summing up of  kinetic parameters for each of  
the forms. The phenomenon of slow equilibrium installation between oligo- 
meric forms having different kinetic parameters is sufficient in itself to explain 
the highly complicated shape of v versus [S]0 plots, i.e. the appearance on 
these plots of two intermediate plateaux at pH > 9, which was observed in the 
experiments with homogeneous enzyme as well as in the experiments with the 
enzyme in the crude cell extracts [1].  A theoretical consideration of  allosteric 
enzyme systems with a slow equilibrium installation process between catalyti- 
cally active forms shows [9,10,19] that in such systems at certain values of  
kinetic parameters a complicated shape of  curves of  v versus [S] 0 or v versus 
initial allosteric effector  concentration ( [ F ] 0 )  may be observed: plots with 
sigmoidality, plots with maximum and minimum simultaneously etc. For such 
systems a "hysteret ic"  reaction catalysed by them is postulated which is possible 
to demonstrate at certain experimental conditions, i.e. a deviation of plots of  
t ime-dependent product  accumulation from linearity [ 10] .  

The deviation of  kinetic plots of  product  accumulation versus reaction 
time from linear shape in the presence of L-isoleucine was shown for "biosyn- 
thet ic" L-threonine dehydratase from E. coli [20] ,  B. subtilis [21] and Rhodo- 
pseudomonas spheroides [22] ,  which indicates hysteretic feature [23] of  the 
reaction catalyzed by the enzyme. 
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