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S U M M A R Y  

The reactions of trypsin, trypsinogen, acetyltrypsinogen, and an enzymically active 
fragment of trypsinogen with N-bromosuccinimide have been explored. Under the 
conditions used, the reagent selectively oxidized the tryptophal? residues ~ i thout  
significant cleavage of tryptophyl peptide bonds. The marked difference iJ~ reactivity 
of tryptophan in trypsin and trypsinogen is ascribed to differences in their secondary 
or tertiary structure. Enzymic inactivation (trypsin) or loss of aetivatability (tryp- 
sinogen) was studied as a fimction of the oxidative modification of tryptophan. Such 
partially inactivated enzyme preparations still had their DFP phosphorylation sites 
intact. At least one tryptophan residue may be needed for activity. This demonstrates 
that an intact phosphorylation site per se is not sufiqcient for enzymic activity. 

INTRODUCTION 

The selective cleavage of C-tryptophyl peptide bonds in various model peptides., the 
hormone glucagon, and several proteins, e .g . ,  TMV protein and serum albumins has 
been reported recently. Selective cleavages varying in yield from ~o-4o <~£ 7~a.ve beeJ~ 
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observed using N-bromosuccinimide or N-bromoacetamide 1 3. The action of NBS 
on trypsinogen, the precursor of the enzyme trypsin, was undertaken to see whether 
the zymogen upon activation after selective cleavage could lead to active fragments 
smaller than trypsin. In the course of this work the emphasis shifted from selective 
cleavage to selective oxidation of t ryptophan residues and to the study of the proper- 
ties of the modified trypsin and trypsinogen. 

MATERIALS AND METHODS 

Trypsinogen (i × crystallized) and trypsin (2 × crystallized, either salt free or lyo- 
philized) were purchased from the Worthington Biochemical Corporation, Freehold, 
N.J .  Crystalline insulin was a gift from Dr. O. K. BEHRENS of the Eli Lilly Company, 
Indianapolis, Ind. N-bromosuccinimide was obtained from the Arapahoe Chemical 
Co., Boulder, Colorado, and recrystallized from water before use. p-nitrophenyl 
acetate was obtained from Dr. G. L. SCHMIR and recrystallized from aqueous ethanol, 
and e ther -pe t ro leum ether, m.p. 78-79 ° (reported 4 m.p. 79.5-80.0°). Benzoyl- 
L-arginine ethyl ester was purchased from the Mann Research Laboratories, 
New York. 

The oxidations of trypsin and trypsinogen were carried out by slowly adding 
an aqueous solution of NBS (approx. I txmole/ml) with constant swirling, to o.I % 
solutions of the proteins in o.I M acetate buffer pH 4, until the desired amount of 
NBS had been added. The instantaneous oxidation of t ryptophan was followed in 
a Cary self-recording spectrophotometer by  the decrease of absorbance at 278 m/x. 
The extent of the oxidation of t ryptophan was calculated on a molar basis by multi- 
plying the decrease in extinction by the empirical 2 factor 1.31, using 5500 as the 
molar extinction coefficient for tryptophan. 

The activation of NBS-treated trypsinogen samples was performed as follows: 
The protein solution at pH 4 was brought to pH 8.0 by addition of the required 
amount of alkali, and a concentrated borate buffer solution containing CaCI~ was 
added to obtain a final molarity of o.I M and 0.02 M in borate and calcium ions, 
respectively. The activation was initiated by the addition of a catalytic amount of 
trypsin (I part  of enzyme to IOO parts of zymogen). 

Activities were measured using benzoyl-L-arginine-ethyl ester (BAEE) as sub- 
strate according to the spectrophotometric procedure of SCHWERT AND TAKENAKA 5. 
The activation of trypsinogen samples, with or without NBS treatment,  was followed 
also by  the measurement of alkali consumed during the process with the aid of an 
automatic t i trator (Type TTT Ia, Radiometer, Copenhagen) coupled with a recorder 
(Ole Dich, Copenhagen). 

Oxidized insulin was prepared by the performic acid oxidation procedure of 
SANGER 6. The activity of enzyme samples on oxidized insulin as Substrate was 
followed by determination of the liberated a-amino groups by reaction with ninhydrin v. 

The reaction of p-nitrophenylacetate (NPA) with NBS-treated trypsin samples 
was followed by the appearance of the p-nitrophenoxide absorption at 4oo m/x. The 
reaction was started by the addition of o.I ml NPA solution (in ethanol) to 3.o ml 

Abbreviations used are: NBS, N-bromosuccinimide; BAEE, benzoyl-L-arginine ethyl ester; 
NPA, p-nitrophenylacetate; DFP, diisopropylphosphofluoridate; DIP, diisopropylphosphoryl; 
DNP, dinitrophenyl. 
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of enzsnne sample in o.I M phosphate buffer pH 7.6. The final concentratior~ of NPA 
in the reaction mixture was 5" IO-4 M. Appropriate controls to correct for the spoI> 
taneous hydrolysis of NPA were included in the experiments. 

The diisopropylphosphowl (DIP) derivatives of various enzyme samples were 
prepared by treatment with a 5o-fold excess of diisopropylphospbofluoridate (DFP) 
at pH 8.0 in the presence of 0.02 3[  calcium chloride. After 6 h no enzymic activity 
was left. The protein was precipitated by the addition of solid ammonium sulfate 
to saturation. Tim precipitate was collected by centrifugation, dissoived in the 
minimum of water and dialysed against o.ooi N hydrochloric acid for 3-4 days, with 
repeated changes of the dilute acid. The dialysed so]utions were lyophJ!ized. 

The phosphorus content of DIP-proteins was determined by the A.O.A.C. Micro 
Phosphorus Method s, as modified in the Analytical Service Laboratory of this Insti- 
tute by the use of pcrchloric acid for rapid wet ashing. Protein concentrations were 
calculated from absorbance at 278 ml~ of the solutions using a conversion factor of 
o.6 for unoxidized samples, and suitable calculated factors ira the case of NBS-treated 
samples. The protein concentrations so determined were confirmed by actual nitrogen 
determinations according to the procedure of LANNI ct al2. 

N-Terminal groups were analyzed by the 2,4-dinitrofluorobenzene ,method ac- 
cording to established procedures 1°. 

RESULTS 

Oxidation of tryiSlojOha~ 

The addition of NBS to trypsinogen in acetate buffer at pH .4 ]ed to a proportional 
and instantaneous decrease of tryptophan absorption a~t 278 mi*. The tryptophan 
content was calculated on the basis of the maximum decrease in absorbance at 278 ml* 
and gave 3.96 tryptophans *J per molecule of trypsin (tool. wt. 24,ooo) ~. With tryp- 
sinogen the indole absorption disappeared after" the addition of 1.8 moles of NBS per 
mole of tryptophan. This is in keeping with the average consumption of NBS (1:5- 
1.6 moles) for model tryptophyl peptides. The use of the same technique on trypsiv.. 
gave 3.84 tryptophans per molecule. However, in this case the ,'eaction with NBS 
was not as specific as with trypsinogen, since 3.2 moles of NBS/mole of tryptophan 
were required to eliminate tryptophan absorption at 278 m F. It has been shown it, 
experiments with model compounds that  tyrosine is not oxidized before t ,yptophan 
at pH 4*. Furthermore, the amino acid coml?ositions of acid hydrolysates of trypsin 
and oxidized trypsin (3 % activity) were the same within experimental error (Table I). 
Curves showing the tryptophan destruction in the two proteins are given in Fig..r. 
The products to be expected from oxidation of tryptophan in this manner are deriva- 
tives of oxindolylalanine. 

Influence of NBS  on tlw activation of bTpsinogen 

Trypsinogen exposed to pH 4 but not subjected to the action of NBS showed 
the typical activation phenomenon 1.* on treatment with trypsin at pH 8. Treatment 
of the zymogen with NBS however, ,altered the activation characteristics, the nature 
of the change being dependent on the amount of NBS used.. Fig. ~ siaows that in- 

* Unpublished experiments by Dr. A. }?A'I:CHORNIK and ])r. G. L. Scn.x, tr. 
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TABLE I 

AMINO ACID COMPOSITION OF TRYPSIN AND OXIDIZED TRYPSIN 

Salt-free t ryps in  (Worthington Biochemical Corporation Lot  No. 688SF) unoxidized, and oxidized 
as described in the text ,  were hydrolyzed by  constant-boi l ing hydrochloric acid for 20 h at  lO5 °. 
Excep t  for the oxidation step, the samples  were t reated identically. The oxidized sample possessed 
3 % of the original activity. The hydrolysates  were analyzed for amino acids using the Automat ic  
Amino Acid Analyzer (Beckman-Spinco) developed by  SPACKMAN, STEIN" AND MOORE la. 99 and 
97 % of the applied nitrogen was recovered in the case of unoxidized and oxidized t ryps in  hydroly- 

zates respectively. 

Trypsin Oxidized trypsin 

A mino acids Number of residues per 24,000 g protein 

Observed Probable O b s e r v e d  Probable 

Aspartic acid 2 2 . 0  2 2 . 0  2 2 . 2  2 2 . 0  

Threonine 9.6 i o.o 9-7 i o.o 
Serine 32.4 32-o 31.7 32.o 
Glutamic acid 14.2 14.o 13. 9 14.o 
Proline 8.2o 8.o 7.9 8.o 
Glycine 25.o 25.o 25.1 25.o 
Alanine 14.2 14.o 14.2 14.o 
Half  cystine I 1.5 12.o I I "4 § 12.O 

V a l i n e  I 1 .8  1 2 . o  i i -9 ] ;2 .0  

Methionine 1.2o i .o i .2 5 I .o 
Isoleucine 12.  3 1 2 . o  12 .  4 1 2 . o  

Leucine 14.1 14.o 14.o 14.o 
Tyrosine 9.0 9.0 8.5 8-9 
Phenylalanine 3.o2 3.o 2.93 3.o 
Lysine 13. 7 14.o 13.8 14.o 
Hist idine 3.1o 3.0 3.1o 3.0 
Ammonia  29.3 29.0 29.0 29.0 
Arginine 2.o 5 2.0 2.1 2.o 

§ A very  small am oun t  of cysteic acid (0.07 mole/24,ooo g protein) was observed in the chro- 
ma tog ram of oxidized t ryps in  hydrolysate.  
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Fig. I. Comparison of the effects of N-bromosuccinimide on the disappearance of t r y p t o p h a n  
absorpt ion in t rypsinogen and trypsin.  
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Fig.  2.  I n f l u e n c e  of  var iot !s  a, m o u n t s  of  N - b r o m o s u c c i n i m i d e  ( m o l e s / m G e  of  z T m o g e n )  oi; t h e  
t i m e  and e x t e n t  of  autoa,ctJva.tJon of  t r y p s ] n o g e n  at  25 °, b o r a t e  buffer  pI~ S and  o,o2 3~; r Ca ~ .  

creasing quantities of NBS progressively lowered the extent  of maximal activity. 
Wi th  I.o, 1.5, 2.o and 2.5 moles of NBS/mole of zymogen, maximum ~ctivJties 
corresponded to 6o, 45, 3o and 3 % of the control. In addition to the decrease in 
activity, NBS t rea tment  also resulted in a retardation of activation, dependent on 
the amount  of NBS used. This lag in activation was also observed on very limii:ed 
oxidation (o.z to o.5 moles of NBS), al though the same final act ivi ty as in the control 
was obtained. Likewise, studies on the alkali consumption during tile activation of 
such trypsJnogen sampies revealed this delay. The cata}ytic amount  of trypsin added 
to initiate the activation process cannot  be affected by NBS, since a7! of the reagent 
is quant i ta t ively  consumed at the time of addition. SuccJnimide, the end product  
formed from NBS, was found to have no effect, either on the a.ctiv~?tJon process o~- 
on the act ivi ty  of trypsin. The possibility of the formation of a competit ive trypsfi~ 
inhibitor during the oxidation is eliminated, since oxidized trypshloge~? does not  
interfere with the activation of intact  trypsinogen. The appearance o2 act ivi ty in the 
oxidized trypsinogen sal~ples parallels the proteolysis during activations, followed by  
the uptake  of alkali. The lag apparent ly  is related to the protein becoming less sus- 
ceptible to the proteo]ysis essential to activation. Aggregation of the partially oxidized 
zymogen is a possible explanation for the retardation of the proteol;.:sis. 

The relationship between the oxidation of t ryptophan and the maximal act ivi ty  
is shown in Fig. 3- The two curves were obtained in experiments in which the protein. 
concentrat ions differed. In genera1, it was found that  the more concel~trafed the 
protein solution, the greater the effect of a given amount  ot NBS. ttowevex, Fig. 3 
shows tha t  nearly iS % of the t ryp tophan  can be oxidized without  much effect on 
the activatabil i ty,  which falls off rapidly with the oxidation of a second t ryptophan.  

The influence of NBS on acetyltrypsinogen,  which can be converted into an 
active fragment  (moI. wt. approx. 6ooo) by  tile action of pepsin "~, x~ was ~ilso investi- 
gated. I t  resulted in a stepwise destruction of the act ivi ty obtained on peptic acti- 
vation. Trea tment  of the acetylzymogen with i.o, 2.o and 3.o moles of NBS led to 

0 ,/ values of 25, 13 and 3 .,o compared with the activities in control experiments, in 
this case, as well as witI~ the purified active fragment,  the oxidatio:~ of t ryptophan 

Bioctu~. BTophys..4cirz, 4 ° (~96o) 2: 6-22~ 
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t o ~  I I I 

~ \  TRYPSINOGEN 

20 -40 
%Tryptophan Destruction 

8 0  

Fig. 3. Two representat ive runs  (different volumes and concentrations) on the effects of progressive 
oxidation of t r yp tophan  on the final enzymic activity of trypsinogen.  

could not be followed spectrophotometrically because of precipitation of protein. The 
addition of 1.5 moles of NBS to the active fragment caused total and irreversible 
inactivation. End terminal analysis led to a single new DNP-amino acid, di-DNP- 
lysine in 3 To yield, probably by cleavage of the one t ryptophan peptide bond present*. 

Effect of NBS  on trypsin 

When a o.I To solution of trypsin in acetate buffer at pH 4 was treated with 
increasing quantities of NBS, no significant effect on the enzymic activity was noticed 
up to 3.0 moles of NBS/mole of protein. Further oxidation inactivated the enzyme. 
With 4.5 and 7.0 moles of NBS, 65 and 92 To of the original activity was lost. Even 
after t reatment  with IO moles of NBS, about 2 To of residual activity was still de- 

I "  r J I 
10(3 

8 ( 2 - -  

.~ 6(; > 

.= 

4O 

2O 

I 1 I " " T - - - - - - - '  
2 0  4 0  6 0  8 0  100 

% Tryptophan Destruction 

Fig. 4. The decrease of enzymic ac t iv i ty  of t ryps in  as a funct ion of the disappearance of the 
t r y p t o p h a n  chromophore caused by NBS. 

*A low yield ill the cleavage reaction does not  necessarily mean  tha t  the new end group 
is spurious. Often the yields increase when the r ight  conditions are achieved (c/. ref. 3)- 
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tec tab le .  The  r e l a t ionsh ip  be tween  the  ox ida t ion  of t r y p t o p h a n  a:nd t]>: io:-s h; trypi:9.: 

a c t i v i t y  is shown in Fig.  4- This  cu rve  is; s imi la r  to t h a t  for tryp~:.inogea~ (Fig. 3). 

In  s tud ies  on the  hydro lys i s  of 23-nitropheru)q a c e t a t e  (NPA) i)y ~;ctS,.-,s ai~d 

p a r t i a l l y  N B S - i n a c t i v a t e d  samples  of l rypsJn,  the  ac t iv i t i e s  tovmi-dis bT?,:\ .,,:ongb]y 

pa ra l l e l ed  ac t iv i t i e s  l owards  ]3AEE.  H o w e v e : ,  tl~e " in i t i a l  ])l_i]-s~ ''F7 oi f i~ iQ i :Top? ]e l ]o ]  

was no t  obserx ed, and  t:hJs was  the  case w i t h  all samp]es,  even  the  -,n~':r< tc:-d control ,  

wh ich  was  m e r e l y  exposed  to an o . I  ,~S p H  4 ace t a i e  or  phosp]>: te  buffer.  

W i t h  ox id ized  insul in as subs t ra te ,  a progress ive  d rop  9;. aci:ivii-y e l  o×id ized  

t ryps in  samples  was observed .  In a]] cases, the  e x t e n t  of c]eavagc: w.,>:, r e s t r i c t ed  re 

the  two  known  sites for t r y p t i c  c ]eavage  in t he  insulin molecuh:.  

T h e  o p t i m a l  p H  for ] 3 A E E  hydro lys i s  was  n o t  c h a n g e d  on pr rtSai o :dd~ t ive  in-  

a c t i v a t i o n  of t ryps in .  

Tke i~cor/oomtio~e of l, ko@kor~,~,s 

E n z y m e  p r e p a r a t i o n s  fi 'om ox id ized  t rypsh~ogen of v a r y i n g  degrees  of b3 d ro ly t i c  

a c t i v i t y  were  a l lowed to  r eac t  wi th  D F P  a]ad the  a m o u n t s  of i n c o r p o r a t e d  phosphorus  

d e t e r m i n e d .  I r r e s p e c t i v e  of t he  a c l i v i t y  va lues  r eached  af i :er  comp]et:e s>'stiv;~tion, o>e 

mole  of p h o s p h o r u s  pe~ mole  (e4,ooo g) of pro te in  was  incorpor~.Ited. A p a r l b ] l y  se t i -  

v a t e d  sample ,  h a v i n g  approx .  3 % a c t i v i t y  as c o m p a r e d  wi ld  25 <[, os maxhnun~ 

a c t i v a t i o n ,  con t a ined  on ly  o.~ 7 mole  of phosphorus .  A f t e r  comp]ei:e ~ c t i v a d o n  thi:.:, 

v a l u e  inc reased  to z mo]e (Table  I I ) .  

Oxid ized  t ryps in  samples ,  i n a c t i v a t e d  to va r ious  degrees,  were  also r<aci:ed x,,-iti~ 

D F P .  Samples  of iow t r y p t i c  a c t h d t v  siJ]l b o u n d  one mo]e of pl~osphorus per  mo]e 

TABLE !I 

TH]g INCOI~PORAT]:01'C OF I, HOSPHORUS 0 I x  + ])F] ) TR]{ATM]~NT OF :x.f,'IP!.];!; c) g 

TRYPS]NOOEN AN']) TRYPSI:< AFTER OX]DATIOh" %VI'JTJ~ [ N ] ~  

3 r o T e , 9  of  ~%S7S ]]ercoplf, I51"c¢~l~ 3 iW.i,:~ qf  .i)/!os.jd c,;'~¢s 
N o .  l i n ~ y m c  @" ~ o c /.s'3,/9¢o#ha~i~. crc/ivi~y ' • " " ~;(:~, 7;7<~C of ~5; ,o&n/1 

c~f p~'ob:i.* Ycsh 'udeo~ o{~u'rcd " * 

; Trypsinogel: o o roe ~.o 4 (.o0) .. . .  
2 T~q)sinoge~ :r.5 z7 5 ° o 9 ~ (c.98) 
3 Trypsinogen ~ 2,o 3 ° 3-5 ; 25 § ~ o. s 7 (n. : ~) (s.o7) i 
4 Trypsin o o lOO 0.9o (e'.. 92', 
5 Tr)=P Mn 3.6 36 50 ; .o (e.9') 
6 Trypsin g.o 77 3 ,'~.6 ~ § ~ 
7 Trypsie 6.0 62 approx. IO o.37t (0.37) 

* The mo]ecular \~ eight of trypsinogen and trypsin is assumed to be 24,ooo. 
** In the case of trypMnoge~ activation was obtained Js~ i]3e presence of eat~3vI~c ;nnounts 

of tr~psin. 
*** The values in parentheses represent ratios in which the protein yah c~ v. cne ob!ah~ed b F 

spectrophotometric methods by the measurement of a.bsorl)ance at ego n~f~ and the ose of em- 
pirical conversion f a c t o r  whi-le for the od3er w0ues the j)roteJn figures ,~'cr'¢ de*,er~vincd b 3 
nitrogen analyses. 

§ \¥hen a large volum.e of a o.2 }~, solutioll o~ trypsinogen was treated with 7.5 aJed ?_.o moles 
of NBS, o- 4 and 48 h, respectively, were required to obtain the maximal activity (5o<'; and 25":{,); 
The DFP inhibition was studied with NBS-oxidized trypsinogen at t'<,o d}i4erent }r, tervMs o~ 
activation. 

~§ DFP treatment of 9-actions with only .3 5 o,...o sub-maximal activity~ resulted 9~ a>:~ inc.orp,:> 
r a t i o n  o f  o n  7 m o l e  o f  p ] ? o s p h o r u s ,  whic13 J l ] c r e a s e d  t o  ] .o 7 ]?qo]es &L ]TlaXJT}]Ui31' acJix;}Ji~J >=  0, ,  ' _ + t -  ' 0 ; "  

§§§ The time of reaction v. it}] 1)]:']P ",,,:as 2o ]~. 
? Tile time 02 reaction wi th  DFP ,.',:as 6 h. 

~indgim. }Jio-/JlO,,~ 4cio., 4o (96<;) ~;6 .*-~4 
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of protein. A sample which had IO % activity incorporated o.37 mole of phosphorus 
after 6 h of reaction with DFP, but a sample with only 3 % activity incorporated 
o.61 mole after 18 h (Table II). 

The reaction with DFP was carried out under conditions so as to minimize the 
phosphorylation of the second reactive site in the protein is. The oxidative inactivation 
is not reversible at pH 8, under the condition used for phosphorylation, since suitable 
controls which were kept at the same pH failed to show any increase in activity 
towards BAEE on prolonged standing. 

End group al~alysis 

Qualitative analysis for N-terminal groups on an NBS inactivated sample of 
trypsin showed only one major DNP-amino acid spot, corresponding to DNP-iso- 
leucine, from the known N-terminus of trypsin 19. However, the failure to find any 
other spots in this experiment does not rule out the formation of minor amounts of 
new N-terminal groups due to tryptophyl peptide cleavage1-3; it only indicates that 
under the inactivation conditions extensive cleavage does not occur. N-Terminal 
analysis after treatment of trypsinogen with twelve moles of N-bromoacetamide in 
7 ° % acetic acid yielded DNP-amino acid spots corresponding to DNP-phenylalanine 
(about 20 %) and di-DNP-lysine (about 3 %), in addition to the DNP derivative of 
valine, the known N-terminus of trypsinogen xg. 

DISCUSSION 

Treatment of trypsinogen and trypsin with NBS results in the largely selective 
oxidation of the tryptophan residues in these proteins, as is revealed by the spectral 
changes, and supported by amino acid analyses (Table I). The relative resistance of 
the tryptophyl residues in trypsin is probably a manifestation of overall structural 
differences between the zymogen and the enzyme. Nearly I8 and 25 % of the four 
tryptophan residues in the zymogen and the enzyme, respectively, can be destroyed 
without impairing the catalytic activity (potential or present). This suggests that 
one tryptophan residue is more accessible to oxidation than the other three, and is 
not essential for enzymic activity. The manner in which enzymic activity is lost during 
further oxidation (c/. Figs. 2 and 3) suggests the implication of at least one of the 
remaining three tryptophan residues in the maintenance of catalytic activity. The 
active fragment (mol. wt. approx. 6ooo) from acetyltrypsinogen contains but one 
tryptophan of the four originally present. Since oxidation of this particular tryptophan 
inactivates the enzyme, the part of the protein molecule containing this residue 
probably is essential for enzymic activity. 

The residual activity is an inherent property of the oxidized proteins and is not 
due to intact starting material. The following observations support this view: 

(a) The specific activity of various NBS treated trypsins could not be altered 
by fractional precipitation with ammonium sulfate. (b) Enzyme samples which had 
lost considerable activity towards BAEE were capable of incorporating one mole of 
phosphorus (from DFP) per mole of protein; this rules out unoxidized protein as a 
source for residual activity. Trypsin which had lost nearly 98 % of its activity towards 
BAEE could still incorporate o.6I mole of phosphorus, a value which is nearly 
3o times the expected uptake if the residual 2 o/jo activity were due to intact trypsin. 

Biochim. Biophys. Acts, 4 ° (196o) 2 1 6 - 2 2 4  
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(C) T h e  D I P - d e r i v a t i v e  of o x i d i z e d  t r y p s i n  ( w h i c h  h a d  50 % a c t i v i t y  prior  t o  t r c a t n ~ e n t  

w i t h  D F P )  was  f o u n d  to  b e  h o m o g e n e o u s  in t h e  u l t r a c e n t r i f u g e ,  a n d  1:o :sedimem. 

a t  t h e  s a m e  r a t e  as t h e  D I P - d e r i v a t i v e  of u n o x i d i z e d  t r y p s i n .  

T h e  o x i d a t i o n  of t r y p s i n  b y  N B S  af fec t s  i t s  a c t i v i t y  toward~  B A E E ,  a t y p i c a l  

s u b s t r a t e ,  w i t h o u t  i m p a i r i n g  i t s  a b i l i t y  to  r e a c t  w i t h  D F P .  T h e  p i~osphory ]a t i on  s i te  

w h i c h  is c u r r e n t l y  c o n s i d e r e d  to  b e  a p a r t  of t h e  " a c t i v e  s i t e "  of ti~e e n z y m e  mole -  

cu le  ~°-~ a p p a r e n t l y  r e m a i n s  u n a f f e c t e d  d u r i n g  t h e  oxidatio:~,. Tb_is o b s e r v a t i o ~  

d e m o n s t r a t e s  t h e  n e c e s s i t y  of o t h e r  f a c t o r s  bes ides  a n  i n t a c t  p i~osphorbda t ion  s i te  

for  t h e  o p t i m a l  f u n c t i o n  of t h e  e ~ z y m e .  S imi l a r ly ,  WOOD AND BALLS ~a L a v e  slnown 

t h a t  e n z y m i c  o x i d a t i o n  of a s ingle  t r y p t o p h a n  in c h y m o t r y p s i ~  ]ov;'e~ed i ts  c a t a l y t i c  

a c t i v i t y  to  50 o,/,o w i t h o u t  affecti~)g i t s  a bilJtv~ to  be  p h o s p h o r y ] a t e d  They.. c o n s i d e r e d  

t r y p t o p h a n  to  b e  a n  a u x i ] i a r y  g roup ,  n e c e s s a r y  for  full a c t i v i t y .  T h e  i n ~ c t i v a t i o n  

m a y  b e  t h e  r e s u l t  of a s l i gh t  d i s o r i e n t a t i o n *  of t h e  a c t i v e  conf igura t i@? of ~.]~e p r o t e i n  

molecu le ,  b r o u g h t  a b o u t  b y  t h e  m o d i f i c a t i o n  of one  or  m o r e  t r N ? t o p h a n  esidue:~. 

T h e  a c t u a l  ro te  of t r y p t o p h a n  in r e l a t i o n  1:o e n z y m i c  a c t i v i t y  r e m a k ; s  to  b e  d u c i d a t e d °  
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