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Summary. By the methods of ion exchange chromatography and 
disc electrophoresis on polyacrylamide gel it has been shown 
that in the enzyme preparations isolated from baker's yeast 
there are both free transketolase and glyceralde ephospate- 
dehydrogenase and the complex of these functional T bound W- 
zyme% Being stored in alkaline solution of ammonium sulphate 
this complex dissociates into the above two components. 

In the course of the isolation of transketolase (TK; a: 

2.2.1.1) from the baker's yeast, considerable amounts of gly- 

ceraldelydephosphate dehydrogenase (GAPD; EC: 1.2.1.12) have 

been noticed to be present in all preparations of the enzyme 

at all stages of its purification. TK free from GAPD could 

only be obtained by several fractionations from an alkaline 

solution of ammonium sulphate. This fact is not in line with 

the physicoohemical properties of these enzymes (‘l-5): they 

should have readily separated, both in the course of DFJE-cel- 

lulose chromatography and during fractionation by ammonium sul- 
phate (stages of TK purification). Therefore we suggest that 

together with the free forms of TK end GAPD in the yeast ext- 

ract there ie also a complex of these enzymes. When the oomplex 
is treated with an alkaline solutiaa of ammonium sulphate it 
breaks down yielding TK free from GAPD. The present paper des- 

tribes the results of the above investigation. 
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MATERIALS AND MEXHCIDS 
Transketolase was isolated from the baker's yeast accop 

ding to the procedure of Racker et al. (2). Crystalline enzyme -- 
and also preparations obtained at intermediate stages of purifi- 

cation were used in this work. 

TK activity was determined spectrophotometrically by the 

rate of reduction of NAD in the following reaction sequence: 
TK 

substrate (mixture of pentosephosphates) - 3-phos- 

phoglyceraldehyde x +phosphoglycerate. 
GAPD 

GA33 isolated from the rabbit muscle (6) was used as a coup- 

ling enzyme. The mixture of pentosephosphates which was used 

as a TK substrate was isolated from a ribose+-phosphate pre- 

paration (I). Transketolase activity was determined in the fol- 

lowing system (system 1, final concentrations): ?,5x70%4 Tris 

buffer, pR 7.6; 8xlO%! pentosephosphatee mixture; 4,4xlO%l 

sodium arsenate; 5tiOg7bi NAD; 3 units of GAPD from rabbit muscle; 

2x10-3M Mgc12; 2x40% thiamine pyrophosphate (total volume - 

2 ml>. 
The activity of GAFD was measured spectrophotometrically 

by the rate of formation of reduced BAD with +phosphoglyceral- 

dehyde (FGA) as a substrate in the following system (system 2; 

final concentrations): q.5xlO?d Tris buffer, pH 7.8; 10% 

PGA, 5~10% sodium arsenate; 10% NAD; 1.2xlO%4 p-mercap- 

toethanol (total volume - 2 ml). 
Ion exchange chromatography of the TK preparations was 

done on CWephadex C-50. Disc electrophoresis was carried out 
on QS polyaorylamide gel in the anion system for 2.5 hours at 

a current of 2 ma per tube. Trie buffer (O.O41M, pH 8.9) con- 

taining 0.0063M boric acid and 0.0017M EDTA was used in the 
electrode vessels. 
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After electrophoretic separation the enzymatic activity 

of the protein fractions obtained was visualized by means of 

tetrazolium staining (7). Gel tubes were incubated at 37°C in 

system I* (to reveal TK activity) or in system 2* (to reveal 

GAFF activity). 

RESULTS ADD DISCXJSSI~ 

Figure ?a presents the data of chromatographic separation 

of the TK preparation containing GAPD. Three active fractims 

could be detected. Fractions II snd III are, respectively, 

GAPD and TK. *action I has the activities of both enzymes. 

Attempts to separate fraction I by means of other types of ion 

exchange Sephadexes in pH range from 5.5 to 9.5 and under dif- 

ferent chromatographic conditions have also failed. 

At 605 ammonium sulphate saturation fractions I and III 

precipitate; fraction II remains in the solution. This can be 

seen in figure lb showing the results of chromatographio sepa- 

ration of the protein precipitate. It should be noted that if 

the enzymatic preparation is submitted to chromatography not 

at once (as in the case shown in Fig, lb), but after being kept 

in alkaline solution of ammonium sulphate (pH 7.7), fraction 

II reappears (Fig. Ic). The above experimental results may be 

explained by the presence in the initial enzyme preparaticm of 

the TK-GAPD complex which breaks up in the course of trealznent 

with alkaline solution of smmonium sulphate. 

The existence of TK-GAPD complex is also confirmed by disc 

electrophoresis evidence. Fig. 2 shows the electrophoretic se- 

paration of the partially purified TK preparation containing 

-I---- 
* Each system cmtained also 0.3 me/ml of nitroblue tetrazo- 

lium snd 0.03 &ml phenazine methosulphate; in system 2 
p-mercaptoethsnol was omitted. 
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Fig. 1. Chroauatographic separation of TK preparation con- 
taining GAPD activity. 
A solution of the enzyme was applied to a column (0.5 I 30 cm) 
filled with C&Se 
buffer, pH 5.7. !F 

ex C-50 equilibrated with 0.05 Y phosphate 
E uticm was carried out by increasing conoen~ 

tration of phosphate buffer, pH 5.7. - TK activity; 
----GAF9 actS.vity -. -oancentration of the eluting 

phosphate buffer. 
a. Initial TK preparation. 7 mg of protein were applied. 
b. Protein fraction obtained by treatment of the initial 

TK preparatim by ammnium sulphate (605Q saturation). 4 Ii& 
were applied. 

c. Same as in "b" but prior to ap Qlng to the column the 
preparation was kept in alkaUne s solut on of ammonium sulphate. 
2 mg of protein were applied. 

GAPD activity cm polyacrylamide gel. Transketolase and glyce- 

raldehydephoephate debydrogenase activities were subsequently 
determined by tetrasolium ettiing. Figs. 2a and 20 ahow ree- 
pectfvely the activity in systems 1 end 2 (see '*Materials and 
methods'*). Fig. 2b shows the activity in system 1 without the 
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& 

2. Electrophoretic separation of TK pre aration (one 
of the termediate stages of enzyme purification P ; TK and GAED 
activities was visualized by tetrazolium staining. 100 /n%; of 
protein per tube was applied. 

a. lhzymatic activity in system 1. 

b. Enzymatic activity in system 3. 
C. Enzymatic activity in system 2. 

coupling enzyme (GA39 from muscle) (system 3). Activities re- 

vealed in systems 1 and 2 belong respectively to TK snd GAPD. 

As to system 3, no activity should have been displayed as it 

contains no substrate for GAPD, besides there is no oouplin(s 
snzyne (GAPD from musole) for TK In whose absenoe trensketo- 

l&se reaction does not appear in electrophoretoggran (see 
Waterials and ?dethods*l). lVevertheless, this systm displays 

activity (Fig. 2b). This phenomenon can be explained only by 
thepresenee ofacomplex ofthetweemzymes-TKtiGAED in 

877 



Vol. 40, No. 4, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

zones I and 11*. Due to the action of trsnsketolase, PGA is 

formed from the mixture of pentosephosphates, but it does not 

get into solution snd is oxidised as it is a substrate for 

GAJ?D - the second component of the abwe enzyme complex. It is 

natural that the activity in these sones is displayed not only 

in system 3 but also in systems 1 and 2 (see Figs. 2a snd 2c), 

as the components are capable of displaying their activity 

individually. TK and GAPD in zone III (as well as zone IV) are 

localized very close to each other, but in neither of these 

zones is activity displayed in system 3 (Fig. 2b). This is 

understandable as the quantity of PGA formed under the action 

of TK is so small that its coucentration is insufficient to 

reveal the activity of free GAPB (though in the electrophore- 

togrsm it is situated close to TK). 

We would like to point out that the abwe work may be 

interpreted to mean that combinations of functionally related 

ensymes occur not only in orgsnelles of the cell but also in 

the cytoplasm. 
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