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Differences between the active and the inhibited conformations of the 
-ll,-.c,sr:r N-ea.-atulml,.trmrta L_..k..c..l...t..~r.c#~..~~~ QII”~s.fzI I. ~.-OLa.~l~lY.OImIO.T ~-~Im”~y*I”LI ollJlrl4~5 

The catalytic activity of the first enzyme in the arginine pathway of Chlamy- 
domonas reinhardti, ATP : N-acetylglutamate 5-phosphotransferase is inhibited by the 
end product arginine. As reported, the kinetic relationship between acetylglutamate 
and arginine is competitive, while between ATP and the allosteric modifier it is non- 
competitive. Urea in low concentrations (less than 1.5 M) suppresses the inhibition 
caused by arginine without impairing the catalytic activity of the enzyme’. 

These data suggest that phosphotransferase has separate binding sites for the 
substrates and the inhibitor, and has at least two different conformations. One of 
these conformations is catalytically active and binds the substrate acetylglutamate, 
..,l.:,_ LL_ ,.*L__ ^_^ :_ :___+:_*_ L:_?l:__+h_ :-L:L:J.__ __-:-:-_ TL- i_*._. ~..--I:..--l _--1 Wl‘llt: Lilt: “LIItX “lit: 1s llldC LI”t3, un11l111g Lilt: llllll”lL”l dlgnlllle. I Ilt: LWU lLnlLLl”nal allll 
structural forms of the enzyme are mutually exclusive. 

A sigmoidal kinetic pattern has been found in the inhibition of phosphotrans- 
ferase, indicating that subunit structure plays some role in the allosteric transition2. 
For this reason the molecular weight of the enzyme has been estimated under different 
circumstances. The estimation is carried out by Sephadex G-zoo gel filtration, 
according to the method of ANnREWS3. For calibration of the column (50 cm x 2.5 cm 
diameter) P-galactosidase (EC 3.2.1.23) and crystalline n-glyceraldehyde-3-phosphate 
dehydrogenase (EC I.Z.I.IZ) are used. Their elution volumes are 90 i z ml and 
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130 f 2 ml, respectively, in good agreement with the results of ANUREWS~. Phospho- 

transferase used in these experiments has a specific activity of 30 units/mg protein 

(purified Ioo-fold, as describeal). 

Phosphotransferase is found in the eluate immediately after j3galactosidase, 

with an elution volume of 96 f 2 ml (Fig. I). Its position in the elution pattern does 
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Fig. 1. Elution pattern of phosphotransferase on Sephadex G-zoo. The column (50 cm x 2.5 cm 
diameter) was equilibrated by 0.1 M Tris-HCl buffer (pH 7.5) and the filtration procedure was 
carried out at 5”. Fractions of 3 ml were collected. The activity of phosphotransferase ( x - x ) 
was measured in the standard assay mixture as described previously’, the activity of P-galactosi- 
dase (to) was determined using the chromogenic substrate o-nitrophenyl-p-D-galactoside5, 
and the amount of crystalline n-glyceraldehyde-3-phosphate dehydrogenase (0-O) was ob- 
tained by its absorbance at 280 mp. 

not change in the presence of IO-* M arginine (saturating concentration at 5”), or in 
the presence of 2.3. IO-~ M acetylglutamate. Since ,%galactosidase has a molecular 
weight of about 500 ooo, the molecular weight of phosphotransferase is approx. 400 ooo. 
This value allows the supposition that the enzyme consists of subunits, but under 
the conditions of our experiments it does not dissociate. The change from one func- 
tional conformation to the other must be less radical than a complete association- 
dissociation process. 

A great difference has been found between the stability of the active and the 
inhibited forms of phosphotransferase. This enzyme is very sensitive to agents intlu- 
encing the ternary structure of proteins. Materials reducing the weak interactions es- 
sential for the native conformations, such as dioxane, dimethylformamide, guanidine + 
HCl, in relatively low concentrations produce a rapid loss in the catalytic activity 
of the free phosphotransferase. Arginine in all cases protects the enzyme, while the 
rate of inactivation caused by dioxane and climethylformamide is increased in the 
presence of acetylglutamate (Figs. 2A and 2B). The effect of arginine and acetyl- 
glutamate on the inactivation caused by dioxane and dimethylformamide is similar 
to that obtained in the presence of 4 M urea as denaturating agent’, but only urea, 

and no other material tested, can produce the reversible suppression of allosteric 
inhibition. 

Phosphotransferase is stable over a relatively wide pH range (pH 5.5-8.5). At 
acidic pH (pH 4) there is no difference in the inactivation rate of the enzyme in the 
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Fig. L. The inactivation of phosphotransferase caused by 5 y& dioxane (A), zoo/; dimethylforma- 
mide (R), and by alkaline pH (pH 10.0, C). The curves represent the inactivation in the absence 
( x ~ x ) and in the presence of IO-~ RI arginine (C-_C), or 7.5. IO-~ M acetylglutamate (to). 
The effect of the organic solvents was measured in 0.1 M Tris+HCl buffer (pH 7.5), while the 
alkaline pH was produced by 0.1 M Na,CO, buffer (pH 10.0). The incubation was carried out at 
37” in a final volume of 3 ml, containing 45 units of phosphotransferase. 

presence of acetylglutamate or arginine, while at pH 10.0 arginine decreases and 

acetylglutamate increases the inactivation rate (Fig. zC). The protecting effect of 

arginine and the opposite effect of acetylglutamate is also found in the case when 

phosphotransferase is inactivated by mushroom tyrosine oxidase4. 

From these data it seems probable that the inhibited form of the enzyme is 

stabilized by mere or stronger interactions than the active conformation. Arginine 

presumably produces a compact enzyme structure, while acetylglutamate brings 

about a more open form. This difference in the ternary structure of the active and 

inhibited enzyme can be responsible for the allosteric inhibition. It is possible that 

the compact structure of the enzyme, formed by the effect of arginine, is accompanied 

by partial masking of the active center, and the substrate binding site becomes 

inaccessible for acetylglutamate. On the contrary, the binding of acetylglutamate 

inducesan open structure in which the interactions necessary for the binding of arginine 

cannot be formed. 
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