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S-Methyl isothiourea was first employed by SCHiJTTE 1 to convert the free amino groups 
in proteins to guanidino groups, and has subsequently been used for a similar purpose 
by CItRISTENSEN 2 and by ROCHE et al. 3,~. The reaction of O-methyl isourea with amino 
acids and peptides was investigated by CrREENSTEIN 5,6, and later this reaction was 
employed by HUGItES el al5 for the preparation of guanidinated human serum "albu- 
min. Recently CHERVENKA AND WlI.COX 8 reported the complete guanidination with 
O-methyl isourea of the free e-amino groups in chymotrypsinogen. 

Although a number of biologically active substances have been guanidinated, 
with the exception of the aforementioned study on chymotrypsinogen 8 no reports have 
appeared on the effect of guanidination on biological activity. It is the purpose of this 
c o m m u n i c a t i o n  to present  i n f o r m a t i o n  re la t ive  to the  g u a n i d i n a t i o n  of t w o  p i t u i t a r y  

h o r m o n e s ,  l a c t o g e n i c  h o r m o n e  (prolact in)  a n d  g r o w t h  h o r m o n e  ( somato trop in ) ,  a n d  of 

the  e n z y m e  l y s o z y m e .  

M A T E R I A L S  AND M E T H O D S  

O-Methyl isourea acid sulfate was prepared from O-methyl isourea hydrochloride 9 by the method 
of ItUGHES el al. ~. O-Methyl isourea neutral sulfate was synthesized by the method of BELLO ~°. In 
the initial experiments, the acid sulfate was employed: it was converted to the free base with 
Ha(OH)e, and used according to the conditions employed by HUGHES 7. Other experiments were 

* T h i s  w o r k  is supported in p a r t  b y  the American Cancer Society and the National lnstitntes of  
H e a l t h ,  United States P u b l i c  H e a l t h  S e r v i c e  ( R G - 4 o 9 7 ) .  
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carr ied ou t  wi th  t he  neu t ra l  sulfate ,  which  was e i ther  conver ted  to t he  free base  with Ba(OH) s, or  
used  direct ly  in concen t ra ted  NH4OHt,S.  or a t  p H  xo.5-I  i .o (ad jus ted  wi th  KOH) .  Most  of t he  
e x p e r i m e n t s  were per formed by  th is  las t  me thod .  All reac t ions  were carried ou t  a t  o c for f rom 
3 to 5 days .  The  e x t e n t  of guan id ina t ion  was de t e rmined  by  the  following m e t h o d s  : (a) de t e rmina -  
t ion of a rg in ine  and  homoarg in ine  in acid hyd ro lysa t e s  of pro te ins  by  t he  m e t h o d  of SAKAGUcHIll; 
(b) react ion of the  protein  wi th  f luorodini t robenzene (FDNB) It and  de t e rmina t ion  of t he  a m o u n t  of  
Cree , - D N P  lysine p resen t  following acid hydro lys i s  of the  d in i t ropheny la t ed  pro te in ;  and  (c) 
de t e rmina t ion  of the  homoarg in ine  t h a t  is formed and  of w h a t e v e r  free lysine m a y  still be present ,  
by  m e a n s  of d in i t ropheny la t ion  of the  acid hyd ro lysa t e s  of the  pro te ins  and  two-dimens iona l  pape r  
c h r o m a t o g r a p h y  of the  d in i t ropheny la ted  a m i n o  acids TM. In  the  " t o l u e n e "  sys tem,  which is used for 
deve loping  the  first d imens ion  in th is  procedure  18, D N P - h o m o a r g i n i n e  has  a g rea te r  RF t h a n  does 
DNP-arg in ine ,  the  only  o ther  water-soluble  D N P - a m i n o  acid present .  A s e m i - q u a n t i t a t i v e  e s t ima-  
t ion  of the  homoarg in ine  formed and  of the  lysine remain ing  could also be ob ta ined  from the  p a t t e r n  
of spots  revealed af te r  c h r o m a t o g r a p h y  of an  acid hyd ro ly sa t e  in t he  two-dimens iona l  paper  
ch roma tog raph i c  s y s t e m  of LEVY AND CI-IUNG 14. Homoarg in ine  has  a s l ight ly  g rea te r  RF t h a n  
arginine  in the  bu t ano l - ace t i c  a c i d - w a t e r  sys t em,  and  a m u c h  grea te r  R F t h a n  arg in ine  in the  
buffered cresol- phenol  sys t em,  which is used in the  second dimension.  In  all expe r imen t s  hydro lys i s  
was  carr ied ou t  in a v a c u u m  in c o n s t a n t  boiling HCI for 2 4 hour s  a t  I Io °. 

Q u a n t i t a t i v e  N- t e rmina l  group ana lys i s  was per formed on the  hyd ro lysa t e s  of the  dini t ro-  
pheny l a t ed  pro te ins  by  m e a n s  of the  two-dimens iona l  paper  ch roma tog raph i c  procedure  of LEvY ]8. 

Ace ty la t ion  was carried ou t  wi th  acetic anhyd r i de  according to the  procedure  of HUGHES 16,11. 
Deamina t ion  17 was effected in N N a N O  t a t  p H  4 for 3 ° m i n u t e s  a t  o °. Oxida t ion  with per ioda te  was 
carr ied ou t  a t  room t e m p e r a t u r e  as prev ious ly  described x~. In  some  ins tances  the  excess per iodate  
was  removed  by a d j u s t i n g  the  pH  of the  chilled solut ion to the  region of m a x i m u m  prote in  in- 
solubi l i ty  (pH ~ 5-5) and  t hen  t ho rough l y  wash ing  the  prec ip i ta te  with water .  

S u b s e q u e n t  to all the  react ions  except  the  d in i t rophenyla t ion ,  the  pro te ins  were t ho rough ly  
dia lyzed : in the  case of lysozyme,  special care was exercised in the  choice of dialysis  m e m b r a n e s .  

Growth  ho rmone  was prepared from the  anter ior  lobes of beef p i tu i ta r ies  by the  m e t h o d  
prev ious ly  descr ibed ]°, and  lactogenic ho rmone  was der ived from whole sheep  p i tu i ta r ies  by pre- 
v ious ly  publ i shed  m e t h o d s  z°,zx. L y s o z y m e  was obta ined  from the  A r m o u r  Laborator ies .  

The  po tency  of the  g rowth  ho rmone  was de t e rmined  in hypophysec tomized  ra t s  by the  t ibia  
t e s t  ~ ,  ~,  and  the  lactogenic ac t iv i ty  was e s t ima ted  in pigeons by  the  m e t h o d  of min ima l  s t imu la t i on  
of the  crop sac ~. The  ac t iv i ty  of the  lysozyme was de te rmined  with suspens ions  of phenol-ki l led 
M. lysodeikticus* and  with Difco L y s o z y m e  subs t ra te ,  by two different  p rocedures  ~,  ~.  

RESULTS • 

Growth hormone 

Native growth hormone is known to possess 23 lysine residues 27 and 2 free a-amino 
groups ~, 29 per mole of 46,0o0 molecular weight. After being treated with O-methyl 
isourea at pH Io.5 in the cold for 5 days, the hormone was found to possess 21 to 22 
homoarginine groups and I or 2 lysine residues per mole. Both a-amino groups were 
still completely available for dinitrophenylation after guanidination of the protein, 
and the subsequent use of a reaction which detects guanidino groups 3° on the chroma- 
tograms of the hydrolysates of the guanidinated protein revealed no positively-react- 
ing groups other than arginine and homoarginine, indicating that  there had been no 
reaction with an a-amino group. Some of these guanidinated preparations (ca. 21 
homoarginine groups) were submitted to zone electrophoresis on starch in o . I M  
Na2CO 3 at pH 11.2, where, because of the difference between the pK values of the 
e-amino and guanidino groups, a distribution or spectrum of the guanidinated species 
in any single preparation would be expected to be revealed. However, the electrophor- 
eric patterns obtained showed only one major peak with a small percentage of the 
material appearing as two distinct shoulders of lesser anodic mobility. No material 
with a mobility similar to that  of the unreacted protein was seen. Free electrophoresis 
of a similar guanidinated preparation in the Perkin-Elmer model of the Tiselius ap- 

• We are indebted  to Dr. R. D~L~Y for cu l tu r ing  the  M. lysodeikticus. 
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paratus  in an acetate buffer of pH 4.0 and 0.03 ionic s trength gave two components  
whose mobilities were identical with those previously reported for the components  in 
the part ial ly denatured hormone3L This may be taken to mean that  the hormone has 
been part ial ly denatured (.3o% or less) in the course of the guanid ina t ion  but  that  no 
al terat ion of electrophoretie hehavior due to the subs t i tu t ion  of guanidino groups for 
e-NH 2 groups is apparent  at this pH. 

When the control and the guanid ina ted  preparat ions were assaved for growth- 
promoting activity,  they were all found to be active (Table I). Whatever  small amoun t  
of inact ivat ion that  mav have occurred is undoubted ly  due to some dena tura t ion  of 
the protein by alkali al. Hence, it appears that  the t ransformat ion of an e-amino group 
to a guanidino group results in no al terat ion of the biological activity.  In contrast  to 
guanidinat ion,  acetylation,  under  condit ions which led to the subs t i tu t ion  of approx- 
imately I3 e-amino groups, resulted in a complete loss of growth-promoting ac t iv i ty  
(Table I). \Vhen the acetylated growth hormone was submit ted  to the fluorodinitro- 
benzene ( F D N  B)  procedure, it was demonst ra ted  that  almost all of the a-N H 2 groups 
had been acetylated. Since there was a possibility that  modification of the el-amino 
groups was responsible for the loss of activity,  further experiments  were undertakcm in 
which guanid ina ted  growth hormone preparations,  which are known to possess free 
a-NH 2 groups, were submit ted  to acetylation.  It was found that  the acetylated- 
guanid ina ted  protein possessed no frec a-amino groups, and that  its ac t iv i ty  was 
essentially intact  (Table I). The lat ter  preparat ions also served as controls for the 
acetylat ion of the nat ive hormone, showing that  when loss of act ivi ty  occurs it is not 
due to acetylat ion of non-amino groups (e.g., tvrosine phenoxyl).  

T . \  BI.1; 1 

B I ( ) L O ( ; ~ I C A L  A C T I V I ' F ' ~ '  O F  I ) E R I V A T I V E S  O F  ( ' I R O " . V T H  A N I )  I. A C T O G E N I C  } I O R M O N F S  A N I )  O F  I . Y S ( I Z y I ~ I P ;  

l ' r o p o r l m n  ..[ P r o p o r t i o n  o.i 
['rotcltt l r c a / m c n /  i o m n o  ~r.ups rem&'d . \ ' , , . . t  o r i g in a l  acll 'vi/v 

. . . . . . . . .  o s,,~ ,.. ~oz * )n:*l~ 
r e m u i n m ~  

°f  I ,~ o c! o 

Growth Guanidinated o 94 32 (4)* ~o 
hormone Acetylated ~05  57 S (-) % lo 

Acetylated-guanidinated** ~95  2>9o I i (-) 7 ° 

Lactogenic Guanidinated o 2>99 I i (3) loo 
hormone Acetvlated 2> 95 7 ° ~ I 2) ~ ~o 

.\cet~'lated-guanidinated*" 2>95 >90 1 -' (3) loo 
Periodate-oxidized 2>95 o x 2 (3) 75 

Lysozyme (;uanidinated o 2> 99 (4) too 
Acetvlated L> 95 07 (8) 2o" *" 

- . . * *  
Acetylated-guamdmated 2> 95 2> 99 (4) i oo 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• Number in parentheses is No. of individuM assays. 
• * The actual order of reaction was guanidination followed by acetylation. 

• * * S e e  D I S C U S S I O N .  

Lactogenic hormone 

Amino acid analysis and end-group determinat ions  have disclosed tile presence of IO 
lysine groups s2 and one a-amino group 1~ in lactogenic hormone. When the hormone 
was treated with O-methyl  isourea, all the lysine residues were converted to homo- 
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arginine. End-group analysis of the treated hormone revealed that the N-terminal 
threonine ~8 was unmodified, and, as in the case of growth hormone, paper chromato- 
graphy yielded no evidence of any guanidino compounds other than arginine and 
homoarginine. Even though complete conversion of the e-amino groups to guanidino 
groups had occurred, the biological activity was not affected (Table I). On the other 
hand, acetylation of 8 amino groups in the molecule resulted in a marked loss of 
activity (Table I). However, no loss of activity resulted from acetylation of the guanid- 
inated hormone. In none of the acetylated preparations was the N-terminal threonine 
any longer free to react with FDNB. According to these results, the hormone apparent- 
ly does not require a-amino groups for its biological activity. Additional confirmation 
of this conclusion could be obtained by allowing the native and guanidinated hormones 
to react with periodate. Under these conditions, the terminal threonine was quantita- 
tively transformed TM to acetaldehyde and glyoxylic acid leaving the giyoxylic acid at 
the N-terminus. The absence of an a-amino group from the periodate-treated hormone 
was confirmed by dinitrophenylation. Such preparations were uniformly active (Table I). 

L ysozyme 

The e-amino groups of lysozyme, like those of lactogenic hormone, were found to be 
completely guanidinated following treatment with O-methyl isourea. After hydrolysis 
of the dinitrophenylated guanidinated protein, no ether-soluble DNP amino acids 
could be extracted from the hydrolysate. Chromatography of the aqueous phase 
revealed that the N-terminal lysine ~ had been completely transformed into homo- 
arginine, present in the hydrolysate as DNP-homoarginine. Assays of enzymic activity 
indicated that such preparations were still fully active, in contrast to the extensively 
acetylated lysozyme preparations, which were shown to possess less than one-third of 
the original activity (Table I). Acetylation of the guanidinated preparation once again 
resulted in undiminished activity, even though the a-amino group had been sub- 
stituted. 

DISCUSSION 

Extensive acetylation of growth hormone has been found to result in a loss of biological 
activity, confirming the earlier report of LI AND EVANS ~. The results summarized in 
Table I also confirm previous findings that acetylation results in inactivation of lacto- 
genic hormone ~ and of lysozyme ~. The case of lysozyme deserves special mention. 
In some preparations in which approximately one-third of the amino groups were 
acetylated, no loss of biological activity was observed. Even with the extensively 
acetylated preparations recorded in Table I, about one-quarter of the original activity 
could still be detected. Since no unmodified lysozyme is present in such preparations, 
it would appear either that all the lysine groups are not necessary for activity or that 
the modified lysozyme still possesses some activity, albeit diminished or modified ~. 

Similarly it was noted that when the experimental conditions for the acetylation 
of growth hormone were modified, so that fewer acetyl groups were introduced, no 
loss of biological activity was observed. The modified procedure was carried out as 
follows : 50 mg of somatotropin was dissolved in 50 ml of o.2M sodium acetate solution, 
and after adding o.I ml acetic anhydride, the solution was kept at o ° C for 4 hours. The 
solution was then dialyzed thoroughly and lyophilized. Dinitrophenylation of the 
Re/erences p. x78. 
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product gave evidence that the two N-terminal amino groups and 8 e-amino groups 
of lysine were acetylated. From N-aeetyl determination' ,  it was found that the 
acetylated material contained ~.2 % acetyl residues, a value in fair agreement with the 
value computed from the number of amino groups which were not available for dini- 
trophenylation. Bioassay of the acetylated hormone indicated that it retaine, d growth- 
promoting activity. This activity cannot be due to the presence of the native hormone 
since the acetylated preparation migrated during free eleetrophoresis essentially as a 
single component with an electrophoretic mobility of 4.2" Io -s cm 2 per sec per volt in 
pH 4.o buffer of o.o3 ionic strength at I ° C, whereas in the same buffer the native 
hormone has a mobility a~ of 6.5" IO -~. From these experiments, it is evident that not 
• all of the e-amino groups are essential for activity. Apparently, 8 out of 23 e-amino 
groups in the hormone molecule can be acetylated by this milder procedure without 
appreciable loss of growth-promoting activity. 

In contrast to the inactivation observed following extensive acetylation of these 
various proteins, complete retention of biological activity was observed in all instances 
following guanidination. Furthermore, acetylation after guanidination was now 
without effect on the activity. These results indicate that (a) whereas loss of tile 
positive charge on the e-amino groups through acetylation results in loss of activity, 
conservation of that charge implies conservation of activity despite a conversion of 
amino to guanidino groups ; and (b) loss of the positive charge on the a-amino groups 
of these proteins through acetylation in no way affects the biological activity, indicat- 
ing that  in these three proteins the a-amino groups are not necessary for activity. 

The non-essentiality of the N-terminal amino groups in lactogenic hormone for 
biological activity has been substantiated by the observation that destruction of the 
N-terminal threonine by oxidation with periodate does not affect the activity. In 
order to support the conclusion that a-amino groups are not essential for activity in 
connection with the other two proteins as well, deamination of the guanidinated 
proteins with NaNO~ at pH 4 was a t tempted (see .~IV.'rnODS). In every instance loss of 
activity was virtually complete. However, since all preparations became markedly red 
or yellow in color and marked changes in the absorption spectra of the proteins were 
observed, it was felt that the loss of  activity coukl be attributed to modification of 
tyrosine and other essential groups and consequently that no conclusions could be 
reached regarding the specific effects of deamination. 

] 'he findings reported here should in no way be subject to generalization; they are 
derived solely from experience with three specific proteins. In the case of growth 
hormone, the finding that a-amino groups are not necessary for activity confirms the 
preliminary findings of RI.;II) "~, who reported that  in the reaction of growth hormone 
with only a small excess of acetic anhydride, it was chiefly the a-amino groups that  
were acetylated, and that under these conditions tile activity was unchanged. Loss of 
activity resulted only when ~--amino groups were extensively acetylated, for which 
greater excesses of acetic anhydride were required. Thus RFn)'s kinetic method and 
the method of selectiw," acetylation of the guanidinated protein employed in this s tudy 
both yield similar results. 

The finding that a-amino groups offer an apparently complete resistance to guani- 
dination is in agreement with the results of GRI-:ENSTI';IN ~, ROCttE et al. 4, and Cm'-'R- 
VENKA ANI) WILCOX ~. 

• By l~.lekmicro-analytical laboratories, Los Angeles. 
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With respect to the extent of guanidination, growth hormone behaved differently 
from both lactogenic hormone and lysozyme. The e-amino groups of the latter proteins 
could be fully guanidinated, but those of growth hormone were only 9o-95% guanidi- 
nated. ROCHE et al. 4 experienced similar difficulties with thyrogiobulin, and prelimina- 
ry experiments that we have performed with a number of other proteins indicated that 
under none of the conditions employed could either insulin or a-corticotropin be 
completely guanidinated. Insulin possesses only a single e-amino group, yet only 
o.2-o.5 moles of homoarginine were found. In a-corticotropin only 3 out of the 4 Iysine 
residues were converted to homoarginine. Guanidination of this pituitary hormone, 
though obviously incomplete, produced a derivative whose biological activity was 
similar to that of the control preparations. As with the other hormones, acetylation 
of a-corticotropin resulted in complete loss of activity. However, unlike the results 
with the other hormones, acetylation of the guanidinated derivative of a-corticotropin 
also resulted in complete loss of activity. Although with this hormone guanidination 
was incomplete, these results may be interpreted as confirming the findings of WHITE ~ 
and of Dixon ~ that the N-terminal serine of the corticotropins is necessary for their 
activity. 

Acetylation of lactogenic hormone with ketene has been previously reported 3~. 
However, since this reagent reacted extensively with tyrosine phenolic groups a.s well 
as with amino groups, only with reservation could any conclusions be presented with 
regard to the essentiality of amino groups. Acetylation with acetic anhydride under 
the conditions described by HUGHES ]5 has been found to lead to acetylation of amino 
groups alone. Investigation of the absorption spectra of all the acetylated proteins 
gave no evidence of any reaction on the part of the tyrosine phenolic groups, and no 
indication of an increase in absorption at 263 m/~, which is characteristic of O-acetyl 
tyrosine, was obsei'ved. 

Although guanidination of lactogenic hormone proceeded equally well under all 
the various conditions for guanidination that were employed, poor recovery of activity 
was encountered after treatment in concentrated ammonia. However, non-guanidinat- 
ed control preparations were also partially inactivated by the latter treatment. Since 
reaction at pH IO.5 (adjusted with KOH) permitted complete retention of activity, 
this apparently milder condition is to be preferred. 

The procedures for the assay of the biological activity of growth and lactogenic 
hormones, as is the case for all pituitary hormones, have limitations in terms of sensi- 
tivity and in terms of quantitative determination. Consequently, an enzyme was 
sought for which a simple and sensitive assay procedure was available. Furthermore, 
in order to establish that conservation of positive charges was attended by retention of 
activity whereas removal of such charges was not, it was necessary to find an enzyme 
whose activity was known to be markedly decreased by acylation. This immediately 
eliminated from consideration almost all the proteases (c/. ae) including chymotrypsi- 
nogen s. Lysozyme not only fulfills the first two requirements, but also is already known 
to react completely during the guanidination procedure ~. In addition to the studies 
with lysozyme, one single experiment with ribonuclease was performed; this latter 
enzyme also fulfills the two requirements mentioned above. A control preparation 
which had been submitted to the conditions of the guanidination procedure, in the 
absence of O-methyl isourea, was fully active'. The fully guanidinated preparation, 

* W e  a r e  i n d e b t e d  t o  Dr .  FRANK F.  DAVIS for  t h e  r i b o n u c l e a s e  a s s a y s .  
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however, was shown to have lost a considerable portion of its activity,  with only 20°0 
of the original activi ty remaining. 13oth acetylated and acetylated-guanidinated 
preparations were essentially completely inactive. Thus, of all the biologically active 
proteins that  have been guanidinated and whose potencies have been determined, 
ribommlease alone manifested any extensive modification of activity. 

The results obtained in the course of these studies suggest that  guanidinated 
proteins may  be useful for various types of investigations. One potential use would 
be for the preparat ion of active labelled hormones for tracer studies. ~C-Labelled 
cyanamide  can be easily converted to O-methyl  isourea ~°, which could then be used tc~ 
guanidinate the protein; derivatives obtained in this manner would possess distinct 
advantages  over the commonly used ~3~I-labelled derivatives. At least in the cases of 
growth and lactogenic hormones, and of a-corticotropin, maximal incorporation of the 
radioactive guanidinated derivative would still leave the hormonal act ivi ty intact*. 
] 'his is not true of iodinated preparations, which also suffer from the limitation that  
the tagged tracer molecules may  themselves possibly be inactive, so that  the fate of 
the radioactive molecules might not be the fate of the native hormone. Furthermore,  
iodination introduces large iodine a toms which may  produce steric effects. Iodination 
also introduces a change in the charge of the proteins in the physiological pH range, 
since the pK of the tyrosine phenolic groups (ca. Io) is decreased to about 8 in monoio- 
dinated and about  (~.5 in diiodinated derivatives 4°. .quch derivatives may  also be 
subjected to the action of specific dehalogenating enzymes. 

Another  area of investigation would be in reactions designed to effect preferential 
modification of a-amino groups. Just  as the acetylation technique discussed in this 
paper becomes selective when applied to the guanidinated protein, addition of amino 
acids by the N-carboxy anhydride methodU, 42 and removal of amino acids by the 
phenylis,~thiocyanate techniquO3, t4 also become selective when performed on the 
guanidinated protein. The phenylisothiocyanate procedure may  then be employed 
for determining the essentiality of the various amino acids in an N-terminal sequence 
for the activi ty of a protein. Ordinarily, where e.-amino groups are necessary for 
activity,  the formation of ~--phenylthioureido groups by phenylisothiocyanate im- 
mediately inactivates the proteins and makes it impossit)le to determine the effects 
of stepwise degradation upon activity. 

Finally, other types of guanidinated derivatives, for example phenylguanidinated,  
whereby the lysine side chains can be lengthened and large steric factors introduced 
with no appreciable effect on the positive charge (compared to unsubst i tuted guanidino 
groups a clecrease in pK of from x to 3 units may  be expectedaS), should be useful for 
s tudying reactions where a close approach of two molecules (e.g., enzyme-subs t ra te  
interactions) has been postulated. 

SUMMARY 

~. The guanidination of pituitary growth and lactogenic hormones and of lysozyme has been 
described. In all three instances guanidination has had no effect on the biological activity of the 
proteins. 

• Since completely substituted derivatiw~s may not be necessary for such studies, it would be 
advisable to carry out guanidination at as low a ptI (ca. pH 1o) and for as short a period of time as 
possible. The partially guanidinated derivatives thus obtained should be more soluble than the 
completely substituted proteins, and the chances of alkaline denaturation of the protein wouM l)e 
markedly decreased. Excess reagent could he recovered following precipitation as the picrate. 
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2. On  t he  o the r  hand ,  in conf i rmat ion  of earlier results ,  ace ty la f ion  of all th ree  pro te ins  was 
found  to  lead to  inac t iva t ion ;  however ,  ace ty la t ion  of the  guan id ina t ed  der iva t ives  does no t  resul t  

in inac t iva t ion .  
3. Since i t  h a s  been shown  t h a t  only  the  e -amino g roups  are  guan id ina ted ,  t he  resu l t s  h a v e  

been  in te rp re ted  as indica t ing  t h a t  t he  a - a m i n o  groups  of these  pro te ins  are  not  necessary  for 
biological ac t iv i ty .  For  m a i n t e n a n c e  of the  ac t iv i ty ,  w h a t  is essent ia l  is conse rva t ion  of the  posi t ive 
charge  on the  lysine side chain,  i n d e p e n d e n t  of whe the r  th is  charge  resul ts  f rom the  presence of an  

e -amino  or a guanid ino  group.  
4. The  resul ts  of p re l iminary  d a t a  on the  guan id ina t ion  of insulin,  u-cor t icot ropin  and  r ibonu-  

clease have  been presented.  
5- Some possible uses  for the  guan id ina t ed  der iva t ives  have  been sugges ted .  
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