
Vol. 12, No. 6, 1963 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Norman Gould, Robert C. Wang, and Irvin E. Liener 

Department of Biochemistry, Univers$ty of MQmesota, St.Paul, Minnesota 

Received July 19, 1963 

The inhibition of nnimnl proteeises and esterases by diisopropylphospho- 

fluoridate (DFP) is well documented (Cohen et al., 195/0), but the inhibition 

of -SH conta.ining plant proteases is equivocal. For example, Jensen et al. -- 

(1948) end K%mmel and Smith (1954) reported DFP not to inhibit pspain, tiere- 

as Masuda (1959) and Heinicke and Mori (1959) found an inhibitory effect; in- 

hibition of brcmelain was reported by Heinlcke and Mori (1959), Ota et al. -- 

(1962), and Ebata et al. (1962), but not found by Tdurachi and Neurath (1958). 

Ebata and Yasunobu (1963) have described the crystallization of an inactive 

diisupropylphosphoryl derivative of chymopapain, although Murachi (1963) 

states that DFP reacts with -SH enzymes without affecting their enzymic 

~actitity. It is huped that the observations recorded in this prelim%nary 

czmmlnication till serve to reconcile these conflicting reports. 

Ficin and crystalline pqain, both -SH containing pled proteases, were 

prepared by the methods of H.!ond and Gutfreund (1959) and Kinmel and Smith 

(1954) respectively. Chymotrypsin, s 2x crystallized prepaxati9n, TJBS pur- 

chased frcxu Worthington Biochemical. Corporation, Freehold, N.J. The actitity 

of these enzymes was measured by the method of Kunitz (1947). Tw swqles XI? 

DFF were purchased, one frczn the Aldrich Chemical Co., Kilwaukee, Wisconsin, 

and the other fram Merck and Co., Rahuay, N.J. 

The data in Fig. 1 show that the sample of Aldrich DFP inhibited b&h 

* Paper No. 5153, Scientific 3ournal Series, Zlinuesota Agriculture1 
E.qeriment Station. This war% was suppwted by grents fr3m the Netiond. 
Institutes of Health (RG4614) and National Science Fwndetion (G-1,%5). 
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0 20 40 60 80 
MOLAR RATIO, DFP/ENZYME 

m. In lml: Inhibition of ficin and papain by Aldrich and Merck m. 
0.1 EI borate buffer, pH 8, O.lK KCX'?, 0.1 mole eiuqme. Add 1.5 ml. isopro- 
pan01 witii RFP as indicated. Assay enzyme after 30 min. at 30”. 

Table I. 

Effect of histidine-Cu hydrolysis of Aldrich 
IBT on ficin and chymotrypsin activity. 

Hydrolysis 

Min. at 30” 
0 

3: 

Inhibition 
Ficin Chymutrypsin 

d 

:! 

% 
loo 
86 

60 44; 
13 
7 

In 8 ml.: 25 wg IlET plus 625 P moles each of histitie ti CuSO4, 
held at pH 7.6 in p&stat. Assay enzyme aTter 30 min. at 30”. 
$ inhibition calculated frcxn controls without IS?. 

ficin snd papainto a similsrdegree, whereas the Merck RFP was not inhibitory. 

Chymotrypsin was inhibited to the same extent by b&h IET ssmples. In sgree- 

merit vith the reports byMs.suda (1959) and Ebata et al. (lg62), 0.05 M cyste- -- 

ine protectea ficin and papaia fraa TX?P inactivation. 

To test whether IB'I? per se VES responsible for enzyme inhibition by the 

Al&dch Freparation, the latter vas hydrolyzed catalytically with histidine 

2nd C&Oh (!Jaac;ne-r-Jaure~g, et al., 1955) and tested periodically for inhibi- 

tory activity towards ficin ati chymotrypsin. As the data in Table I show, 
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the inhibition of chymotrypsin decreased with time whereas fiein was essen- 

tieiUy unaffected. 

When Aldrich IXP (2 gn.) was distilled under reduced pressure, most of 

the starting material was recovered in fraction I (W-36", 160 microns Rg) 

which wss trapped. in a receiver inmersed in dry ice and acetone. Two other 

fractions, II and III, were collected in 4 IIL isupropanol at 37O-46" and 

47"~56" respectively. The residue, fraction IV, was dissolved in lml. of 

isoprcrpanol. Table II shows that the inhibitor of ficin resides in fraction 

IV, although this fraction is still contaminated with ISE'P as evidenced by the 

inhibition of chymotrypsin. 

Table II. 

Fractional distillation of Aldrich IEP; effect of various 
fractions on activities of ficin and chymotrypsin 

Fraction 

I 
II 

III 
Iv 

Ficin‘ 
d 
0" 
0 

9: 

Inhibition 
Chymotrypsin 

% 
loo 
100 
loo 
82 

In 1 ml.: O.lM borate buffer, pH 8, 0.005 FI mole enzyme, 10 ,l 
of test fraction. Assay enzyme sf%er 60 min. at 37". 

It was of interest to ascertain whether the inactivation observed here 

involved the stoichicmetric incorporation of phosphorus as claimed for papain 

(Masuda, 1959) and chymopapain (Foata and Yasunobu, 1963). Ficin, treated 

with distilled IZ'P (fraction I) or the purified inhibitor (fraction IV), wss 

precipitated with 0.5 saturated (HH4)2SO4, dialyzed until sslt free, and 

analyzed for P (Bsrtlett, 1959). Ficin inactivated by fraction IV contained 

0.25 mole P/mole whereas the uninhibited enzyme treated vith fraction I had 

1.13 mole P/mole. It is evident that inactivation and phosphorus incorpora- 

tion are unrelated manifestations of tw9 independent reactions. 

471 



Vol. 12, No. t&1963 BIOCHEMICAL AND BIOPHYSKAL 

Table III. 

, Effect ofAld.richDFP sndpurified 

RESEARCH COMMUNICATIONS 

inhibitor 
(fraction IV) on activity ti -SH groups of ficin. 

IEP/enzyme Inhibition -SI/enzpne* 
mole/mole % mole/mole 

0 0 0.60 

:;r 25 0.45 0.30 

iii 2 97 0.20 0.18 
85 $3 

Fraction IV SG! 
Procedure as described in Fig. 1 ad Table II. 
* Determined by the method of Ellman (1959). 

0.14 
0.15 

Table III shows that the inhibition of ficin by Aldrich DE!P or fraction 

IV was acccmpanied by a loss in -SH groups. Prelin&nary chrmatographic ex- 

periments have revealed the formation of an unidentified caupment when cyste- 

ine itself was treated with fraction IV. Work on the further purification and 

characterization of the inhibitor and on the nature & its reaction with -SH 

groups is in progress. 

References 

Bartlett, G. R., J. Biol. Chm. 2& 466 (1959). 
Cohen, J. A., Oosterban, R. A., Jansz, H. S., and Berem, F., J. Cell. and 

Camp. Fwiol. 54, Sqpl. 1, 231 (1959). 
Ebata, M., -Tz; Ti&,.and Yammobu, K. T., Biochem. Biaphys. Res. 

Ebata, M. and Yasunobu, K. T., Biochim. Biqphys. Acta u, 132 (1963). 
ElIman, G. L., Arch. Biochem. Biaphys. & 70 (1959). 
mumona, B. R. and Gutfreund, H., Biochem. J. 72 349 (1959). 
Heinicke, R. M. ad Tori, R-9 
Jsnsen, E. F., 

science s 16$3$959). 

(1948). 
Nutting, M. D. F. and Bells, A. K., J. Biol. Chem. m, 975 

Kinnnel, J. R. and smith, E. L., J. Bid. Che& x)7, 515 (1554). 
Kunitz, M., J. Gen. Physiol. 30 291 (1947). 
Masuda, T., J. Biochem. g, l& (1959). 
Murachi, T., Biochim. Biophys. Acta '& 237 (1963). 
Murachi, T. an&Neumth, He, 
Ota, S., 

J. Biol. Cha. m 99 (1960). 
FU, T.-H. and Hirohata, R., J. Biochan. s 532 (1961). 

Wagnergauregg, T., Hackley, B. E. Jr., Lies, T. A., Owens, 0. C., md 
Proper, R., J. Am. Chem* Sot. a, 922 (1955). 

472 


