
BIOCHIMICA ET BIOPHYSICA ACTA 577 

BBA 12271 

N O N - P R O T E I N  S U B S T A N C E S  S P E C I F I C A L L Y  B O U N D  TO 

D E H Y D R O G E N A S E S  

P. G. CELLIERS*, A. STOCK AND G. PFLEIDERER 

Insti tut  f i ir  Biochemie im Institut f i ir  Organische Chemie der J .  w .  Goethe- Universitdt, 
Frankfurt  am M a i n  (Germany) 

(Received February I5th, 1963) 

SUMMARY 

I. An unidentified substance has been isolated from crystallized a-glyceraldehyde- 
3-phosphate dehydrogenase (n-glyceraldehyde-3-phosphate: NAD oxidoreductase 
(phosphorylating), EC 1 . 2 . I . I 2 ) .  

2. Ultraviolet and infrared spectra are presented for this substance and the 
decrease of the maximum at 256 m# in alkaline solution is typical. 

3- It  had pKa values between 9-3 and 9.4, 7-5 and 4-5 and between o and 2. 
4. Elementary analyses have shown it to contain 5 carbon atoms per nitrogen 

atom, and it contains no ribose, phosphorus or sulphur. 
5- A very similar, if not idential substance was isolated from crystallized a- 

glycerophosphate dehydrogenase (L-glycerol-3-phosphate: NAD oxidoreductase, 
E C  I . I . I . 8 ) .  

The electrophoretic and spectral properties of these substances proved them to be 
quite different from the 3-(4-methyl-5-(fl-hydroxyethyl)-thiazolyl) succinic acid 
that VAN EYS found in a a-glycerophosphate dehydrogenase. 

INTRODUCTION 

More and more researchworkers are reporting the appearance of non-protein substances 
so tightly bound to animal dehydrogenases, that they can not be removed by am- 
monium sulphate precipitation, dialysis or ionic-exchange chromatography. They can, 
however, be separated from the native protein by adsorption on charcoal or by 
chromatography in urea solution. / 

WlELAND et al. 1 have reported that lactate dehydrogenases (L-lactate: NAD 
oxidoreductase, EC 1.1.1.27) from different origins all contain approx. I mole of 
NADH-X per mole of enzyme as the only protein-bound substance. Experiments 
with malate dehydrogenase (L-malate: NAD oxidoreductase, EC I.I.I.37), carried 
out in the same institute, also pointed to the presence of a then unknown non-protein 
component*. 

* Postdoctoral fellow of the Alexander yon Humboldt Foundation. Permanent address: 
Department of Biochemistry, Stellenbosch-Elsenburg College of Agriculture, Stellenbosch 
(South Africa). 
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VELICK and coworkers3, 4 contended that  rabbit  muscle a-glyceraldehyde- 3- 
phosphate dehydrogenase (D-glyceraldehyde-3-phosphate: NAD oxidoreductase 
(phosphorylating), EC 1.2.1.12) contained 2 moles of NAD per mole of enzyme 
(mol. wt. 12o ooo), while RACKER et al. 5 thought it to be 3.4-3.6 moles per mole of 
enzyme in the case of freshly isolated, once recrystallized enzyme. More recently 
~)FLEIDERER AND STOCK 6 showed that  a-glyceraldehyde-3-phosphate dehydrogenase 
contains 2 moles of NAD end I mole of N A D H - X  per mole of enzyme (mol.wt. 
117 ooo). They stated, however, that  the N A D H - X  was formed from NAD during 
the process of isolating the enzyme and proved this to be correct by  considerably 
shortening the isolation process and finding exactly 3 moles of NAD per mole of 
enzyme. 

ANKEL et al. ~ found that  a-glycerophosphate dehydrogenase (L-glycerol- 3- 
phosphate: NAD oxidoreductase, EC 1.1.1.8) contained I mole of ADP-ribose per 
mole of enzyme (mol.wt. 70 ooo). VAN EYs et al. s,9 on the other hand found that  the 
same enzyme contained a "prosthetic group" that  could replace the thiazole moiety 
of thiamine in the growth of Leuconos toc  mesenteroides .  They thought the most probable 
structure to be 3- (4-methyl-5-(/5-hydroxyethyl)-thiazolyl) succinic acid, synthesized 
it and found it to be identical with the natural substance in all chemical respects. NAD 
with its nicotinamide moiety replaced by  4-methyl-5-(~-hydroxyethyl)-thiazole w:s  
found to be a reasonably potent inhibitor for a number of enzymes 1°. 

The present paper deals with the non-protein components of I)-glyceraldehyde-3- 
phosphate dehydrogenase and L-glycerophosphate dehydrogenase and more specific- 
ally with a hitherto undiscovered third band fo the non-protein component of D- 
glyceraldehyde-3-phosphate dehydrogenase, as well as a similar substance found in 
the non-protein component of L-glycerophosphate dehydrogenase. 

E X P E R I M E N T A L  

The D-glyceraldehyde-3-phosphate dehydrogenase and L-glycerophosphate de- 
hydrogenase enzymes were isolated from a freshly prepared homogenate of rabbit  
muscle according to the method of BEISENHERZ et al. 11. D-Glyceraldehyde-3-phosphate 
dehydrogenase was a three-times washed and three-times recrystallized preparation, 
whereas the L-glycerophosphate dehydrogenase was washed three times and re- 
crystallized once. Enzymic activities Were determined as described by BEISENHERZ 
et al. n using as substrate a triosephosphate mixture prepared by the method of 
BAMANN AND MYRB~.CK12; the measurements were made at 366 m/~ and 25 ° on an 
Eppendorf  photometer equipped with a recording attachment.  The bound nucleotides 
were separated from the protein by  adsorption on to acid-washed Nuchar-C 19o 
(unground) charcoal according to the method of LE PAGE AND MUELLER 13. 

High-voltage electrophoresis was carried out on a "Pherograph Frankfurt"  
apparatus (Ludwig Hormuth,  Wiesloch) using MN 2214 FF paper (Macherey, Nagel 
and Co., Dtiren). At pH 7-5 a 0.2 M (NH4)2CO 3 buffer was used, prepared by bubbling 
CO2 through ' the  solution until it reached a pH of 7.5. During the electrophoresis a 
slow stream of CO~ was constantly bubbled through the buffer in the cathode through, 
to keep the pH constant throughout the paper. The pH-2.o buffer was made by 
mixing 15o ml of glacial acetic acid (A.R.) and 5o ml of concentrated formic acid 
(A. R. ) with 800 ml of quartz-double -distilled water. Ultraviolet absorbing components 
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were detected with a short-wave ultraviolet lamp (Mineralight Model SL 2537). 
A longer wavelength (366 m/t) ultraviolet lamp was also used; since it was observed 
that only the fastest moving band of each non-protein component absorbed light 
emitted from this lamp. 

Protein was determined by the biuret method of WEICHSELBAUM 14, measuring 
the extinction at 546 m# in a 2-cm cuvette and using a factor of  16.5. Ribose was 
determined by the orcin reaction for pentose 15 and phosphate by the method of 
HIRATA AND APPLEMAN 1~ as well as by the following modification of their method. 
To a suitable aliquot of  the HC104 digest was added enough 70 % (v/v) HC10, to bring 
its concentration up to 0.702 N, 0.5 ml 0.4% molybdate (0.5 ml o fo .4% solution) and 
acetone (2 ml) were added, and the volume was made to 5 ml. To this solution was then 
added o.I ml of  a 0.5% solution of SnC12 and the intensity of  the blue colour was 
measured in a Zeiss spectrophotometer at 740 mkt. 

The ultraviolet spectra were measured in a Beckman Model DK 2 recording spec- 
trophotometer and the infrared spectra in a Perkin-Elmar Model 21 spectrophotometer. 

RES ULTS  AND DISCUSSION 

Non-protein component of D-glyceraldehyde-3-phosphate dehydrogenase 

The total freeze-dried nucleotides obtained after the charcoal treatment of 2450 mg 
of D-glyceraldehyde-3-phosphate dehydrogenase amounted to 132.3 rag. When 
subjected to electrophoresis at pH 7.5 for 2.5 h at 30 V/cm and 80 mA, the electro- 
phoretogram shown in Fig. I was produced. The maj ority of  the ultraviolet absorption 
was contained in Bands I, 2 and 3. Band i was the only component to absorb, when 
illuminated with the long-wave ultraviolet lamp, an observation which later served 
as a criterion for the presence or not of this substance in the nucleotide mixture. As 
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described in a previous publication Bands 3 and 2 proved to be NAD and NADH-X 
respectively 6. 

After the elution and freeze-drying of Band I, lO8.5 mg of substance was obtained. 
The ultraviolet spectrum of this substance, as well as that of the total nucleotides, is 
shown in Fig. 2. With its conspicuous, gradually increasing, absorption from 360 m# 
onwards up to its maximum at 243 raft, it shows a spectrum unlike that of any of the 
known nucleotides. Chemical analyses established that it contained neither ribose 
nor phosphate. 

To test the homogeneity of the substance, samples were subjected to chromato- 
graphy in ethanol-o.i  N acetic acid (I :i, v/v) and n-propanol-5 % NaHCO 3 (2:1, v/v). 
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Fig. 2. Ul t rav io let  spectra of some non-protein components of D-glyceraldehyde-3-phosphate 
dehydrogenase .  - . . . .  , t o t a l  D-g lyce ra ldehyde-3-phospha te  dehydrogenase  nuc leo t ides ;  - - - - - ,  
D-g lyce ra ldehyde-3-phospha te  dehydrogenase  B a n d  I, a f ter  e lec t rophores is  a t  p H  7-5; - -  

I ) -g lycera ldehyde-3-phospha te  dehydrogenase  B a n d  I, a f ter  e lec t rophores is  a t  p H  2. 

In both solvents it moved as a uniform spot with RF values of o.81 and o.15 respec- 
tively. Since indications were, however, found that more than one spot appeared when 
n-butanol-glacial acetic acid-water (4: 1:5, v/v) solvent was used, the main sample 
was subjected to chromatography on MN 2214 FF paper in this solvent. After running 
the chromatogram in the cold room for 2 days it was, however, observed that the 
substance moved with the solvent front and no separation was obtained. Just in front 
of the main band, and inseparable from it, a second band was observed, which did not 
absorb under the long-wave ultraviolet lamp. The question now arose whether this 
second band was present in the substance originally, or whether it was a degradation 
product formed under the acid conditions to which it was exposed for 2 days. 

On account of its strong acid properties in the electrophoretie field and the fact 
that it contained no phosphorus, the substance was suspected to contain at least two 
carboxyl groups. I t  was therefore plausible that under the acid conditions used one or 
both of these groups were split off to give rise to the second band. If  this was so it should 
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have been possible to separate them electrophoretically. As preliminary experiments 
have shown that the substance still moved strongly to the anode at pH 2, it was decided 
to try and separate the two bands electrophoretically. After elution of the chromato- 
gram only 4o.5 mg were recovered, which led to the assumption that Band I previously 
still contained some buffer NH4HC Q .  

Electrophoresis at pH 2 for 2.5 h at 5 ° V/cm and 45 mA resulted in the electro- 
phoretogram illustrated in Fig. 3. Four nearly equally strong absorbing bands could 
be detected with the short-wave ultraviolet lamp, while under the long-wave lamp only 
the fastest moving band, Band i,  could be seen, showing that this was the substance 
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Fig. 3. Electrophoretogram of D-glyceraldehyde-3-phosphate dehydrogenase Band i at pH 2. 

originally separated at pH 7.5. After elution 11.8 mg were recovered from Band I and 
5.5, 8-9 and 5.7 mg from Bands 2, 3 and 4 respectively. Since Band 3 moved to the very 
edge of the paper, it is quite possible that part of it was absorbed into the folio and 
cloth wick and therefore lost. 

The ultraviolet spectra of these bands are reproduced in Fig. 4. Comparing the 
spectrum of Band I with that of the same substance after electrophoresis at pH 7-5, 
as reproduced in Fig. 2, it can be seen that the maximum shifted from 243 mff to 256 mff, 
and that the absorption between 360 m# and 256 m# was much greater. Bands 2, 3 
and 4 showed maxima at 256 In#, 244 raft, and 258 mff respectively. At this stage it 
was noted that the previously discussed second chromatographic band had the same 
spectrum as Band 3. 

The spectral behaviour of Bands I and 3 in alkaline and acid solutions is illustrated 
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Fig. 4. U l t r av io l e t  spec t ra  of D-g lycera ldehyde-3-phospha te  dehydrogenase  B a n d  i components, 
af te r  e lec t rophores is  a t  p H  2. - - ,  B a n d  i (ca. o.I  mg per  2 ml  of H~O, p H  5.5); - - - -  
B a n d  2 (ca. o.15 mg per  2 ml  of H20,  p H  5.5); . . . . .  , B a n d  3 (ca. o.085 mg per  2 ml  of H20', 

pH  6.o); , B a n d  4 (ca. 0.28 mg  per  2 ml  of H20,  p H  5.5). 

in Figs. 5 and 6 respectively. At pH 1.5 the maximum of Band I was slightly decreased. 
It tended to increase again on standing but remained constant after 5 min. If the pH 
was raised to 13 the maximum immediately disappeared. Again the absorption tended 
to increase but also remained constant after 5 min. On adjusting the solution to pH 1.5 
the maximum slowly reappeared, the original spectrum being reached after about 
I h with an isosbestic point at 33o mff. 
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Fig. 5- Spec t ra l  changes  of D-g lyce ra ldehyde-3 -phospha te  dehydrogenase  B a n d  i ob t a ined  a f te r  
e lec t rophores i s  a t  p H  2 (ca. o.1 mg per  2 ml  of  H 20  ). - - - ,  a t  p H  5.5; - - - - - ,  a t  p H  I-5; 

, a t  p H  13; . . . . .  , spec t ra l  changes  on standing. 
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Fig. 6. Spec t ra l  changes  of  D-g lyce ra ldehyde-3-phospha te  dehydrogenase  Band  3, o b t a i n e d  a f t e r  
e lec t rophores is  a t  p H  2 (ca. o . I3  mg  per  2 ml  of H~O). - - - ,  a t  p H  6; - -  ---, a t  p H  I3. 

In contrast to this, the maximum of Band 3, which also disappeared at pH 13, 
could not be restored again by acidifying the solution. 

Spectral studies at different pH values showed Bands i and 3 to have pKa values 
between 9.3 and 9.4 and between 9.5 and 9.6, respectively. Electrophoretic studies 
with/5-naphthalenesulphonic acid as marker revealed a second pKa value for Band I 
which was not observed during the spectral studies. Since the distance that /5- 
naphthalenesulphonic acid moves from the origin is independent of the pH of the buffer 
used, and since Band I moved faster than the/5-naphthalenesulphonic acid at pH 7.5, 
but slower at both pH 4-5 and 2, it must have had a second pKa value somewhere 
between pH 7.5 and 4.5. That it must have had a third pKa value between o and 2 
can be deduced from the fact that  at pH o it remained at the origin. 

Micro elementary analyses" of Bands I and 3 showed them to have the composition 
as illustrated in Table I. 

T A B L E  I 

CHEMICAL COMPOSITION OF BANDS I AND 3 

Carbon Hydrogen Nitrogen 
(%) (%) (%) 

Band  I 31.1 5.0 7.4 
B a n d  3 35.2 5.6 lO.8 

Neither sulphur nor phosphorus could be detected. Presuming the remaining percent- 
age to be oxygen the following emperical formulae could be calculated: Band I :  
CsHgNO ~ and Band 3 :C4HTNO4. 

Since the substances were slightly hygroscopic there was some doubt as to the 
amount of hydrogen and oxygen present. I t  is, however, acceptable that for each 
nitrogen atom Band I contained 5 carbon atoms and Band 3 only 4. This again in- 
dicated that Band 3 might have been formed out of Band I after splitting off of a 

* Ana lyses  car r ied  ou t  by  Dr. W. J. KIRSTEN, Mikroana lys l abora to r i e t ,  Uppsa l a  Univer-  
s i tets ,  M e d i c i n s k - K e m i s k a  I n s t i t u t i on ,  U pps a l a  (Sweden). 
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carboxyl group. I f  the nitrogen atom were positively charged at pH 2 the movement  
of Band 3 to the cathode and of Band I to the anode would be explained. 

Further proof that  Bands I and 3 must have contained carboxyl groups was 
supplied by their infrared spectra, which are illustrated in Figs. 7 and 8. The absorption 
between 5.9 and 6. 5 # should be at tr ibuted to carboxylate groups. These groups un- 
fortunately absorbed so strongly that  they masked the absorption of any other groups 
which might have absorbed in the neighbouring region. Attempts  to suppress the 
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Fig. 7- Infrared spect rum of D-glyceraldehyde-3-phosphate dehydrogenase Band I, after electro- 
phoresis at  p H  2. 
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absorption by methylating the carboxyl groups with diazomethane, however, met 
with no success. 

In an endeavour to find the possible physiological role of the substance, the 
inhibitory effect, if any, thereof was investigated. A small sample of the enzyme was 
treated with charcoal to separate off the nucleotides and a suitably diluted aliquot of 
the apoenzyme was then used. An eight-fold excess of the substance over the NAD 
used, could only cause a 3o % inhibition. I t  should be stated, however, that  in preparing 
the apoenzyme it was apparently somewhat degenerated, despite the fact that  
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Fig. 8. Infrared spec t rum of D-glyceraldehyde-3-phosphate dehydrogenase Band 3, after elec- 
trophoresis  at p H  2. 
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gluthathione was added as stabilizing agent, since the apoenzyme had a turnover 
number of only 1935, whereas the holoenzyme had a turnover number of 314o. That 
only a small inhibitory effect was observed may therefore possibly be attributed to 
this partial degeneration. 

Non-protein component of L-glycerophosphate dehydrogenase 

The freeze-dried, charcoal eluate prepared from L-glycerophosphate dehydrogen- 
ase was subjected to electrophoresis at pH 7.5 for 2.5 h at 30 V/cm and 80 mA. 
NAD, NADH, cinchomeronic acid, ADP-ribose, fl-naphthalenesulphonic acid, and a 
sample of purified D-glyceraldehyde-3-phosphate dehydrogenase substance were 
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Fig. 9. Electrophoretogram of total L-glycerophosphate dehydrogenase 
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used as markers. As can be seen from Fig. 9 the majority of the ultraviolet absorption 
was contained in Bands I and 2. The slower band, Band 2, moved the same distance 
as the ADP-ribose spot. Analyses for ribose and phosphate, as well as spectral studies, 
showed this band to be the ADP-ribose found by ANKEL et al. 7 The faster band, Band I, 
moved as far as the D-glyceraldehyde-3-phosphate dehydrogenase marker. When 
viewed under the long-wave ultraviolet lamp, only two spots could be detected, the 
o-glyceraldehyde-3-phosphate dehydrogenase marker and the L-glycerophosphate 
:lehydrogenase Band I. As was the case with the D-glyceraldehyde-3-phosphate 
dehydrogenase substance the L-glycerophosphate dehydrogenase Band I also contain- 
ed no ribose or phosphate. 

The spectra of the total nucleotides, as well as that of ADP-ribose, are reproduced 
in Fig. IO. Due to the fact that so little enzyme was available, very little Band-I 
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F i g .  I o. Ultraviolet spectra of some non-protein components of L-glycerophosphate dehydrogenase. 
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substance could be recovered, which made it impossible to obtain it pure from the 
buffer medium. However, from the difference between the two spectra it can still be 
seen that Band I had the same curious increasing absorption in the longer-wavelength 
region as the I)-glyceraldehyde-3-phosphate dehydrogenase substance. 

Fig. II illustrates the spectral changes of the total nucleotides at different 
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F ig .  11. Spectra] changes of the total nucleofides of L-glycerophosphate dehydrogenase with 
change in p H .  - - - - ,  a t  p H  6;  . . . . .  , &t p H  3;  - - - - ,  a t  p H  13. 
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pH values. Since ADP-ribose practically does not change its spectrum with change in 
pH, the lowering of the maximum at alkaline pH values must be a property of the 
second component,  which again is in accordance with the spectral behavior of the 
D-glyceraldehyde-3-phosphate dehydrogenase substance. 

Electrophoresis at pH 2 for 2.5 h at 5o V/cm and 45 mA resulted in the electro- 
phoretogram, reproduced in Fig. 12. Only three bands were observed, the band that 
moved to the cathode in the case of D-glyceraldehyde-3-phosphate dehydrogenase 
not being detected. Assuming the D-glyceraldehyde-3-phosphate dehydrogenase and 
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Fig.  12. E l e c t r o p h o r e t o g r a m  o f  L - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e  B a n d  I a t  p H  2. 

L-glycerophosphate dehydrogenase bands to be the same substance, the absence of 
the fourth band could be ascribed to two possible reasons. It either moved right off 
the paper or more probably it did not exist at all, since the L-glycerophosphate 
dehydrogenase substance was not subjected to the acid conditions of chromatography 
as was the D-glyceraldehyde-3-phosphate dehydrogenase band. The D-glyceraldehyde- 
3-phosphate dehydrogenase marker also showed three spots only, although the spots 
coinciding with L-glycerophosphate dehydrogenase Bands 2 and 3 were very weak 
indeed. That the D-glyceraldehyde-3-phosphate dehydrogenase substance showed 
more than one spot, must be ascribed to a slow degeneration thereof on storage in 
solution at pH 5.5 and 4 ° or under the conditions of electrophoresis. Once again the 
fastest band, Band I, and its coinciding D-glyceraldehyde- 3-phosphate dehydrogenase 
marker spot were the only spots visible under the long-wave ultraviolet lamp. These 
two electrophoretograms also showed that both the D-glyceraldehyde-3-phosphate 
dehydrogenase and L-glycerophosphate dehydrogenase substances, moved faster 
than #-naphthalenesulphonic acid at pH 7.5 but slower at pH 2. Although the D- 
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glyceraldehyde-3-phosphate dehydrogenase Band I could not be compared with 
fl-naphthalenesulphonic acid at pH 4-5, due to the fact that too little was available, 
it presumably also has a pKa value between pH 7-5 and 4.5- 

The whole of Band I was then used for measuring the infrared spectrum re- 
produced in Fig. 13. As can be seen it is similar to that of the D-glyceraldehyde-3- 
phosphate dehydrogenase substance and also shows the carboxylate absorption 
maximum between 5-9 and 6.5 #. 

When all the evidence obtained from the electrophoretic, ultraviolet and infrared 
spectral studies was taken into consideration, it was concluded that the L-glycero- 
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Fig. I3. Inf rared  spec t rum of L-glycerophosphate dehydrogenase Band i, after electrophoresis 
at  p H  2. 

phosphate dehydrogenase substance must be very similar to, if not the same as, 
the I)-glyceraldehyde-3-phosphate dehydrogenase substance. 

Electrophoretic and spectral properties of 3-(4-methyl-5-(fl-hydroxyethyl)thiazolyl) 
succinic acid 

Since VAN EYS 9 contended 3-(4-methyl-5-(fl-hydroxyethyJ)-thiazolyl) succinic 
acid to be the prosthetic group of L-glycerophosphate dehydrogenase, the compound 
was synthesized and its electrophoretic and spectral properties were compared with 
those of the substances L-glycerophosphate dehydrogenase. A modification of the 
method of CLINE et al. 17 was used, the 4-methyl-5-(fl-hydroxyethyl)-thiazole being 
dissolved in absolute alcohol and an excess of bromosuccinic acid being added. The 
mixture was boiled in a water-bath under reflux for I h, after which the alcohol was 
evaporated, water was added and the mixture was neutralized with concentrated 
NaOH. 

g r -  
+ 

HOOC CHBr  N - - C  CH 3 --~ H O O C - - C H  N - - C  CH~ 

f + II II I tl II 
HOOC--CH~ HC C~-CH2--CH2OH H O O C - - C H  2 HC C--CH2--CH2OH 

\ /  \ /  
S s 
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Electrophoresis of the reaction mixture at pH 7-5 resulted in three distinct bands, 
one that did not move from the start (Band 3), one that moved a long way to the anode 
(Band i), and one in between (Band 2). Because bromosuccinic acid has two negative 
charges at pH 7.5, tile succinic acid thiazolyl compound, two negative and one positive 
charge, and the thiazole compound no charge, it was expected that Band i was bromo- 
succinic acid, that Band 2 was the thiazolyl succinic acid, and that Band 3 was the 
unchanged thiazole. That this, indeed, was so was proved by the ultraviolet spectra 
of the three bands. Bands I and 3 had exactly the same spectra as bromosuccinic acid 
(maximum 213 m#) and the thiazole compound (maxima 209 and 250 mff) respective- 
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Fig. 14. Ultraviolet  spectra  of the thiazolyl succinic acid compound and its two components .  
. . . . .  , bromosuccinic acid; , 4-methyl-5-(fl-hydroxyethyl)-thiazole;  - - - - ,  3-(4-methyl- 
5(-fl-hydroxyethyl)-thiazolyl) succinic acid af ter  electrophoresis a t  p H  7-5; - - ,  3(4-methyl- 

5-(fl-hydroxyethyl)-thiazolyl) succinic acid after  electrophoresis at  p H  2. 

ly, whereas Band 2 showed a fully different spectrum with maxima at 256 and 206 mff 
(Fig. 14). 

When Band 2 was eluted and subjected to electrophoresis at pH 2 three bands 
were observed, a faint band that did not move away from the origin, a distinct band 
that moved 3 cm to the cathode, and a third, faint band that moved 9 cm to the 
cathode. The 3-cm band, the thiazolyl succinic acid, had a spectrum with maxima 
at 204 and 260 mff as is illustrated in Fig. 14. 

Its spectral changes in alkaline, and acid, solution are illustrated in Fig. 15 . 
The increased absorption and the shifting of the maximum from 260 mff to 
234 mff at pH 13 are typical spectral changes associated with the opening of the 
thiazolyl ring and are quite contrary to those which are observed with the D-gly- 
ceraldehyde-3-phosphate dehydrogenase and L-glycerophosphate dehydrogenase sub- 
stances. 
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Fig. 16 shows the infrared spectrum of the thiazolyl compound, the carboxylate 
absorption between 5.9 and 6.5 # again being evident. 

These electrophoretic and spectral studies therefore convincingly prove that the 
substances found in D-glyceraldehyde-3-phosphate dehydrogenase and L-glycero- 
phosphate dehydrogenase can not possibly be the thiazolyl succinic acid found by 
VAN EYS in L-glycerophosphate dehydrogenase. All other attempts to identify the 
substances failed. However, it was noted that ZILLIKEN TM published a spectrum very 
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similar to that of  the D-glyceraldehyde-3-phosphate dehydrogenase substance. His 
spectrum was obtained after acid hydrolysis of a chondrogenic factor extracted from 
chicken embryos. He thought that this substance was a derivative of  pyrrole-a- 
carboxylic acid. Spectral studies with a derivative of  pyrrole-dicarboxylic acid, how- 
ever, failed to reveal any similarity with the above-mentioned substances. Further 
studies are now being undertaken to identify these substances. 
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