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There does not seem to be any work done on the variations 
in transaminase activity at different times of  the year. A 
definite change exists in the transaminase activity of 
R. tigrina. The average values of SGOT and SGPT record- 
ed for the whole year can be divided into 3 phases. In the 
first phase, from November to March, the values are 
relatively low (SGOT 50.0-80.0 and SGPT 15.0-19.0). The 
2nd phase is close to average values, and in the 3rd phase 
the values are higher with the peak in August. The high 
values of transaminase activity (3rd phase) seem to be in 
direct correlation with spawning period. The high level of  
this enzyme may be indicative of active phase and higher 
metabolic activities in frogs in this period. This may also be 

related to rise in serum glucose 14 and protein Is reported in 
this animal, during the same period. 
Low values of  SGOT and SGPT observed in December 
and January appear to be related with fall in temperature 
(40 ~ in summer to 15 ~ in winter). This is also corrobo- 
rated by the results of  the experiments on cold acclimation 
of  the frog. Low values of  SGOT and SGPT are observed 
when the frogs are acclimatized at low temperatures. Rat 
tissues 16 exposed to cold for 72 h also show a rapid fall in 
transaminase activity at early stages, but they regain the 
normal level after some time, but no such change was 
observed in frog serum upto 168 h. This may be due to the 
poikilothermic nature of these animals. 
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Summary. 4-Cyclopentene-l,3-dione reacts quantitatively with sulfhydryl groups of both cysteine and the sulfhydryl 
containing protein pinguinain. A 10fold excess of the reagent totally modifies cysteine after 15 min at room temperature 
and the single sulfhydryl group in native pinguinain is totally modified by a 48-86fold excess of  reagent. 

Recent work from this institution 2'3 has shown that the 
sulfhydryl reagent NEM induces electrical excitability in 
the ventroabdominal flexor muscles of the crustacean A tyas 
occidental& a naturally nonexcitable tissue. As a result of 
this work it has been proposed that the effects of NEM in 
these tissues depend on the induction of new properties in 
the membrane proteins, likely to arise from the conversion 
by NEM of -CH2-SH side chains to polar thioethers. 
Neither the nitrogen nor the chains attached to it appear to 
be essential for this effect, as 4-CPD 4, a compound similar 
to NEM but containing a methylene group instead of a 
tertiary nitrogen also induces excitability 5. Although this 
compound has not been regarded as an SH reagent we 
decided to study whether 4-CPD does in fact react with 
sulfhydryl groups. The modification of a protein with 4- 
CPD may have interesting effects on its tertiary structure 
because of the presence of 2 symmetrical carbonyl groups 
in the reagent molecule which will enable it to form 
hydrogen bonds with neighboring NH 2 groups in the pro- 
tein. 
Materials and methods. Chemicals. 4-CPD was from Al- 
drich; cysteine from Sigma; DTNB from Calbiochem; 
BAPNA from Merck; precoated silica gel plates from 
Kontes/Quantum; Sephadex gels from Pharmacia. 
Reaction of 4-CPD with cysteine: TLC. 1-mM solutions of  
cysteine and 10-mM solutions of 4-CPD were prepared in 
5 mM phosphate buffer at pH 6.0. 0.5 ml of  each solution 

was mixed for 15 min at room temperature and 30 gl of the 
reaction mixture was spotted in 20x 4 cm precoated silica 
gel plates and chromatographed using butanol: acetic acid: 
H20 (4:1 : 1) as solvent. Equal volumes of the cysteine and 
4-CPD solutions were spotted as references. Cysteine and 
its thioether were detected by staining with ninhydrin spray 
and 4-CPD with iodine vapors. An identical experiment 
was performed with the same solutions at pH 7.6. 
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Modification of SH groups in the protease pinguinain by 4-CPD. 
The ordinate shows the DTNB titratable groups (gmoles) left after 
addition of varying amounts of 4-CPD. Modification performed in 
5 mM phosphate at pH 7.6. The reaction was allowed to proceed 
for 1 h. 
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Table 1. Disappearance of DTNB titratable SH groups in cysteine 
after exposure to 4-CPD 

pl 4-CPD added* OD412 

0 0.894 
5 0.769 

10 0.692 
15 0.561 
20 0.435 
30 0.229 
50 0.172 

*Total cysteine in solution was 0.2 ~tmoles. Each ~tl of the CPD 
contained 0.01 ~tmoles. Titration performed, at pH 7.6 and room 
temperature using a Gilford Model 2400 spectrophotometer. 

Table 2. Enzymatic activity of pinguinain after addition of varying 
amounts of 4-CPD 

4-CPD A OD Residual Enzymat ic  Residual 
added 412 nm A OD 412 nm activity activity 

(%) units (%) 

None 1.23 23.3 
100 ~tl 0.675 55 12.8 55 
200 ~tl 0.364 30 6.8 29 

* 1 unit = Ixmoles BAPNA hydrolyzed per h. The absorbancy of the 
nitroaniline produced in hydrolysis was measured at 405 rtm, 
using an e140mS~na of 8.8 The total enzyme used for the assay 
was 150 ~tg. 

Reaction of 4-CPD with cysteine: spectrophotometric titra- 
tion of the unreacted SH groups. Aliquots of 0.2 ml of the 
cysteine solution prepared above were allowed to react with 
increasing amounts of 4-CPD in solution at pH 7.6 and the 
sulfhydryl contents of the aliquots titrated photometrically 
with DTNB following the procedure described by Jocelyn 6. 
T~ 412rim ne elm M assumed was 13.6. 
Reaction of 4-CPD with the sulfhydryl groups of pingui- 
nain, a sulfhydryl plant protease. 10 mg of chromatographi- 
cally pure pinguinain, a compound described and routinely 
purified in our laboratory 7,~ were dissolved in 2 ml of 
10 mM phosphate buffer at pH 6.0. 50 Ixl of fl-mercapto- 
ethanol were added to the mixture and allowed to react for 
1 h at room temperature. This step was accomplished to 
fully reduce the reactive sulfhydryl group of the enzyme. 
Excess reducing agent was removed by filtration through a 
column packed with Sephadex G-25, in the same buffer 
used to dissolve the enzyme. Aliquots of the eluate, (1.2 ml 
each; 0.96 mg protein) were collected and varying amounts 
of a 10-raM solution of 4-CPD in 5 mM phosphate buffer 
pH 6.0 were added. All aliquots were brought to the same 
volume by addition of buffer. The samples were allowed to 
react for 1 h and 0.2 ml aliquots removed from each tube 
for enzymatic assays. Spectrophotometric titration of the 
SH groups in the unreacted and the reacted protein were 
performed as described for cysteine. Enzymatic activity was 
assayed at 25 ~ using 0.2 ml aliquots of unreacted and 
reacted enzyme using BAPNA as substrate in 0.1 M 
phosphate buffer at pH 6.0 as suggested by Erlanger et al. 9. 
Results and discussion. TLC indicated that using 4-CPD 
and cysteine in a 10:1 ratio, the later is quantitatively 
modified after 15 min at room temperature. Under the 
experimental conditions used, 4-CPD remains at the origin, 

cysteine shows an Rf of 0.26 and its thioether, product of 
the reaction with 4-CPD, barely moves from the origin. 
The titration experiments showed that using the same 4- 
CPD: cysteine ratio, the ability of cysteine to react with 
DTNB is almost totally abolished (table 1). Although 
similar results were obtained after reaction of the reagent 
with pinguinain, higher 4-CPD: pinguinain ratios had to be 
used to accomplish the almost complete modification of 
pinguinain (figure). Assuming the presence of 1 SH 
group/19,000 daltons in pinguinain 7, addition of 430 I11 of a 
10-mM solution of 4-CPD (4.3 Ixmoles) were required at 
pH 7.6 to modify almost totally the SH group content 
(0.05 ~tmoles) of 960 Ixg of pinguinain. This is a 86:1 ratio. 
At pH 6.0, however, the ratio needed was 48:1, suggesting 
that conformational changes in the enzyme caused by p H  
changes facilitate the accessibility of the SH groups to the 
reagent. Additional evidence that 4-CPD reacts with the SH 
in pinguinain was obtained by performing activity assays 
after the enzyme was exposed to various amounts of 4- 
CPD, using as reference values the enzymatic activity in the 
absence of the reagent. The results are summarized in 
table 2. Enzyme activity (expressed as nmoles of BAPNA 
hydrolyzed per h) was significantly reduced to 29% of the 
control after addition of a 40fold excess of the reagent at 
pH 7.6 and room temperature. A 20fold excess of 4-CPD 
caused a reduction to 55% of the control values, indicating a 
close agreement between the titration data which measures 
disappearance of SH groups and the enzymatic activity 
data which is also indirect evidence of the modification of 
the SH groups. 
Dicarbonyl compounds have been used successfully for 
specific arginine modification, but at a more alkaline pH 
than that used by us ~~ It can be argued that likewise 4-CPD 
will react with arginine. However, in dicarbonyl com- 
pounds used for protein modification (hexanedione and 
diketobutane) the carbonyl groups are in the ortho position 
to each other while in 4-CPD they are meta. The point 
stressed here is that the excitatory effects induced in the 
otherwise nonelectrically excitable muscle are due to the 
reaction of 4-CPD with the sulfhydryl group. The saturated 
analog of 4-CPD, 1,3-cyclopentanedione, does not induce 
electrical excitability in crustacean muscle 5. These results 
confirm that 4-CPD is an SH reagent and that it probably 
exerts its activity in biological membranes by modifying the 
cysteinyl residues to carbonyl containing thioethers, which 
in turn can easily form hydrogen bonds with nonprotonated 
amino groups in proteins. 
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