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ISOLATION OF ACETYLSERYLTYROSINE FROM THE 

CHYMOTRYPTIC DIGESTS OF PROTEINS OF FIVE STRAINS 

OF TOBACCO MOSAIC VIRUS* 

KOZO NARITA** 

Virus Laboratory, University o/Cali/ornia, Berkeley, Call/. (U.S.A.) 

The first expe r imen ta l  app roach  to the  p rob lem of the  compara t ive  chemis t ry  of the  
pro te ins  of several  s t ra ins  of tobacco mosaic  vi rus  (TMV) was the  amino acid  analyses  
pe r fo rmed  b y  KNIGHT1, 2. These showed significant differences in m a n y  cases. In  
cont ras t ,  C- terminal  amino  ac id  analyses  of th i r t een  s t ra ins  b y  HARRIS AND KNIGHT 3,~ 
showed r emarkab le  s imi lar i ty ,  since from all  s t ra ins  equal  amoun t s  of th reonine  were 
spl i t  off b y  ca rboxypep t idase .  NIU AND FRAENKEL-CONRAT s employing  hydraz ino lys i s  
ex t ended  this  s t u d y  to the  C- terminal  sequence of the  pro te in  and  found the  same 
C-terminal  t r i pep t ide  in every  s t ra in  s tudied.  A subsequent  isolat ion of the  C- terminal  
hexapep t ide  from severa l  s t ra ins  revea led  the  first difference in s t ruc ture  be tween  
H R  on the  one h a n d  and  common TMV, M a n d  YA, on the  other  ~. As prev ious ly  
demons t ra t ed ,  no N- t e rmina l  group could be found in common TMVL The N-ace ty l -  
sery l tyros ine  recen t ly  i sola ted  f rom bo th  the  c h y m o t r y p t i c  and  the  pep t i c  digests  of 
the  pro te in  8 p r o b a b l y  occupies the  N- t e rmina l  end of the  pep t ide  chain.  A compar ison  
of five s t ra ins  of TMV (common TMV, M, J I 4 D I ,  H R  and  YA), name ly  a search 
for N-acylpept ides ,  represents  the  subjec t  of the  present  inves t iga t ion .  

The  present  con t r ibu t ion  also includes the  resul ts  of amino acid analyses  of the  
N-ace ty lpep t ide  from common TMV pro te in  b y  Dowex-5o X4  column chromatog-  
r a p h y  9, and  the  compar ison  of the  n a t u r a l  and  the  corresponding syn the t i c  ace ty l -  
pept ides .  

MATERIALS AND METHODS 
TMV protein sample 

The protein samples were prepared by either the detergent (sodium dodecylsulphate) method 
of degradation of the viruses into proteins and nucleic acidsT, 1°, or by the heat-denaturation 
methodT, xl. The latter method was used to isolate the acetylpeptide from common TMV for amino 
acid analysis by ion exchange chromatographyL 35 ml of the virus solution (32.5 mg/rnl) were 
added to 60 ml of o.i M NaC1 solution at 1oo ° with stirring, and heating was continued for 
IO rain. After the solution was cooled, the denatured protein was centrifuged and washed with 
NaC1 solution and water. The precipitated protein was suspended in water and digested with 
chymotrypsin. 

The proteins from some strains prepared by the detergent method were kindly supplied by 
Dr. C. A. KNIGHT Of this laboratory. 

Isolation o/aeetylpeptide 
About 5 ° mg of the detergent-treated protein was dissolved in 5 ml of water at pH IO, 

then the pH was adjusted to 8 and crystalline chymotrypsin (Worthington Biochemical Corp.) 

* Aided by United States Public Health Service Training Grant CRTY-5o28. 
** Present address: Dept. of Chemistry, Ochanomizu University, Tokyo, Japan. 
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was  added (enzyme to subs t ra te  rat io = I : Ioo). After 24 h a t  r oom tempera tu re  (pH was main- 
ta ined at  7.8 ~ 8.o dur ing digestion), the precipitates result ing a t  p H  3.8 were centrifuged off. 
The supe rna t an t  was  applied to a Dowex-5o X2 column (hydrogen form,, x × 5 cm) which was 
then  eluted wi th  water .  Of dach 5 ml, collected automatical ly ,  a o.5-ml al iquot  was  analyzed 
by  the  modified Folin reagent  1~. Folin-posit ive fractions, which contained the acetylpeptide and 
were eluted immedia te ly  af ter  the  hold-up volume, were combined, lyophilized and weighed. The 
yields of the  acidic pept ide fraction f rom the var ious s trains are listed in Table I. 

These fractions contained several minor  components  besides a main  component  as revealed 
by  paper  ch romatograms  developed wi th  n-butanol-acet ic  ac id-water  (4 : I : I, vol.) and detected 
wi th  the  chlor ine-s tarch- iodide reagent  18. The Rp  values of the spots  are listed in Table I I .  Each 
peptide was  eluted wi th  wate r  f rom the  paper,  the eluate was  purified by  paper  ch romatography  
using the  same solvent as above and finally lyophilized. 

The acid-insoluble precipitate in the  chymot ryp t i c  digest of the hea t -denatured  TMV protein  
was  I3.9 % of the original virus.  The acidic peptide fract ion of th is  digest, separated as usual 
on  a Dowex-5 o column (2 × I5 cm), was  fur ther  purified by  a Dowex-2 X i o  (chloride form) 
column, 2 × 15 cm, as previously described s. The weight  of the  acety.lpeptide fraction was  1.75 % 
of t ha t  of the  vi rus  sample used. 

T A B L E  I 

YIELDS OF ACIDIC PEPTIDE FRACTION IN THE CHYMOTRYPTIC DIGESTS OF TMV PROTEINS 

Yield* 

Precipitate at pH 3.8 by Folin color** 
% % by t v ~ t  

Common TMV 40.3 I . I  1. 7 
M stra in  41.9 1.2 2.0 
J x 4 D t  s t ra in  42-3 i . i  1.5 
H R  stra in  31.4 1. 7 2. 7 
YA stra in  48.6 1.6 3.2 

* Average values of two exper iments  are listed. Yields were based on weight  of protein used. 
** Acetylseryl tyrosine isolated f rom com m on  TMV protein  was  used for the prepara t ion of 

s t anda rd  curve 

T A B L E  I I  

R F  VALUES AND RELATIVE COLOR INTENSITIES OF PEPTIDES IN THE ACIDIC 
PEPTIDE FRACTION ON PAPER CHROMATOGRAM* 

Spot No. x 2 3 4 5*" 6 

Rp o.oo o.19 0.30 0.57 0.69 0.74 

Common  TMV trace 
M s t ra in  trace 
J I 4 D I  s t ra in  trace 
H R  stra in  trace 
YA strain trace 

trace weak trace very  s t rong - -  
trace weak trace very s t rong - -  
trace weak trace very s t rong - -  

relatively strong*** weak trace very s t rong weak 
trace weak relatively s t rong .very s t rong - -  

* Paper  ch romatograms  were developed wi th  n-butanol-acet ic  ac id-water  (4 : i : i ,  vol ). For  
detect ion of the peptides, the chlor ine-s tarch- iodide reagent was  used. 

** The R v  value of spot  No. 5 agreed wi th  tha t  of acetylseryltyrosine. 
*** Spot No. 2 of H R  was  ra ther  streaked. 

S t ruc tura l  s tudies  

Aliquots of the  peptides were hydrolyzed wi th  redistilled hydrochloric acid in sealed tubes  
at  IOO ° for 8 h. The amino acids in hydrolysates  were converted to dini t rophenyl  (DNP) derivatives 
wi th  I-fluoro-2,4-dinitrobenzene (FDNB),  separated by  two-dimensional  paper  ch romatography  
and  es t imated by  the  method of LEVY 14. Amino acid analyses by  ion-exchange chromatography  9 
were kindly per formed by  Dr. L. K. RAMACHANDRAN and Mr. Y. KATO. Occasionally the a m o u n t  
of tyrosine was also es t imated colorimetrically using I-ni t roso-2-naphtbol  x~. 
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Hydraz ino lys i s  of  t h e  pep t ides  was  done a t  IOO ° for zo h in  sealed t u b e s  an  d t h e  e v a p o r a t e d  
hyd raz ino lyza t e s  were a n a l y ~ e d  ,qual i ta t ively  by  descend ing  pape r  c h r o m a t o g r a p h y  u s ing  colli- 
d i n e - w a t e r  ( i o : z ,  vol.) as descr ibed in  t h e  p rev ious  p a p e r  s. Two pape r  c h r o m a t o g r a m s  were  
prepared ,  one  of wh ich  was  sp r ayed  wi th  n i n h y d r i n  to  charac te r ize  t h e  C- te rmina l  a m i n o  acid 
a n d  t h e  o the r  wi th  a n  alkal ine s i lver  n i t r a t e  r e agen t  16 to  de t ec t  b o t h  t h e  a m i n o  acid hyd raz ide  
a n d  t h e  acy lhydraz ide .  

Ca rboxypep t ida se  d iges t ion  of t h e  pep t ide  was  carr ied o u t  a t  p H  7.8 w i th  a n  e n z y m e  to  
s u b s t r a t e  ra t io  of  I : 5o. 

Sy~the.szs O~ a~Tetyl-DL-$eryl-L-tyrosz~e 
N-aeetyl-DL-Serine. One g of DL-serine was  dissolved in  5 ml  of  z N N a O H  and  2.6 ml  of  

acet ic  a n h y d r i d e  a n d  26 ml  of 2 N N a O H  were  added  a l t e rna t ive ly  a t  o ° w i th  shak ing .  T h e n  
t h e  reac t ion  m i x t u r e  was  kep t  ove rn igh t  a t  r o o m  t e m p e r a t u r e .  The  m i x t u r e  was  t r e a t ed  w i th  
a Dowex-5o  X2 c o l u m n  (ca. 300 ml  of acid form) a n d  t h e  c o l u m n  was  w a s h e d  w i th  wa t e r  un t i l  
t h e  eff luent  became  neut ra l .  U n d e r  t he se  condi t ions  s o d i u m  ions  a n d  u n r e a c t e d  a m i n o  ac id  were  
r e t a ined  on t h e  resin.  I t  was  easy  to see w h e t h e r  t h e  a m o u n t  of  res in  was  sufficient  b y  w a t c h i n g  
t he  color change  of t h e r e s i n .  T he  efffluent was  qu ick ly  frozen to  avo id  a n y  acyl  sh i f t  of  t h e  ace ty l  
g roup  f rom the  N to t h e  O a t om,  and  t h e n  lyophilized.  A par t i a l ly  c rys ta l l ine  s t i cky  ma te r i a l  
was  obtained~ I t  was  dissolved in  abso lu te  e t hano l  a n d  crys ta l l ized  b y  add ing  e the r  a n d  re- 
crysta l l ized f rom t h e  s a m e  so lven t  s y s t e m .  One  g (68%) of N-acetyl-DL-ser ine was  ob ta ined  
me l t i ng  a t  I29 ~ 13o °. SYNG~ x7 syn thes i zed  t h i s  c o m p o u n d  b u t  did  n o t  crysta l l ize  it.  The  Rp  
va lue  on t he  pape r  c h r o m a t o g r a m  (n -bu t ano l - ace t i c  ac id -wa te r ,  0.5 % b r o m o t h y m o l  b lue  so lu t ion  
neu t ra l i zed  to p H  7) was  0.62. Anal . :  calcd, for  CsH.~O4N: C, 40.89; H,  6 . I7 ;  N, 9.52. F o u n d ,  
C, 40.93; H,  6.07; N, 9.49. 

N-acetyl-DL-Seryl-L-tyrosine methyl ester. 294 m g  (2 mmole)  ace ty l  DL-serine a n d  390 m g  
(2 mmole)  L- tyros ine  m e t h y l  es ter  (free form,  p repa red  f rom i ts  hydrochlor ide)  were d issolved 
in 15 ml  of t e t r a h y d r o f u r a n  con ta in ing  I ml  of  water .  To th i s  so lu t ion  425 m g  (2.2 mmole)  of  
d icyc lohexylcarbodi imide  xs was  added,  t h e  so lu t ion  was  kep t  for 4 h a t  r o o m  t e m p e r a t u r e  and  
ove rn igh t  in  t he  refr igerator .  One  drop  of acet ic  acid was  added,  t h e  m i x t u r e  kep t  3 ° rain a t  
r oom t e m p e r a t u r e ,  a n d  t h e  prec ip i ta te  of  t he  u rea  de r iva t ive  f inally filtered. T h e  f i l t rate  was  
e v a p o r a t e d  a t  r o o m  t e m p e r a t u r e ,  t he  res idue  was  t a k e n  in to  e thy l  ace t a t e  a n d  a sma l l  a m o u n t  
of insoluble  ma te r i a l  was  r emoved .  T he  f i l t rate  was  w a s h e d  consecu t ive ly  w i th  d i lu te  N a H C O  s 
( sa tu ra t ed  w i th  NaC1) and  di lute  HC1 ( sa tu ra ted  w i t h  NaC1) and  dr ied  over  s o d i u m  sulfate .  On  
e v a p o r a t i o n  a s y r u p y  ma te r i a l  was  obta ined ,  wh i ch  failed to  ~rystall ize and  was  dr ied over  P~O 5. 
Yield was  260 m g  (40%).  

Anal .  : Calcd. for Cz~H~0OeN2: N, 8.64. Found ,  N, 8.72. 
N-acetyl-DL-Seryl-L-tyrosine. N-acetyl-DL-serylTL-tyrosine m e t h y l  es ter  (240 rag) was  d issolved 

in m e t h a n o l  (5 ml) and  N N a O H  (2 ml) was  added.  T he  m i x t u r e  was  k e p t  a t  r o o m  t e m p e r a t u r e  
for 2 h and  was  acidified to  p H i  .7 w i t h  HC1. T he  organic  so lven t  was  r e m o v e d  a t  r o o m  t e m p e r a -  
ture ,  t he  so lu t ion  was  s a t u r a t e d  wi th  NaC1 and  s h a k e n  wi th  e thy lace ta t e .  The  pep t ide  de r iva t ive  
was  ex t r ac t ed  wi th  N a H C O  z, t he  so lu t ion  was  acidified, s a t u r a t e d  w i th  NaC1 a n d  e x t r a c t e d  w i th  
e thy lace ta te .  The  so lu t ion  was  dr ied over  Na~SO 4 a n d  evapora ted .  On ly  42 m g  (18%) of t he  
c o m p o u n d  was  ob ta ined  in a m o r p h o u s  form.  I t  was  found  b y  p a p e r  c h r o m a t o g r a p h y  t h a t  t h e  
ma te r i a l  still con ta ined  a m i no r  i m p u r i t y  and  i t  was  purified on  a Dowex-2  c o l u m n  as  descr ibed 
in t he  p rev ious  pape r  s. The  yield in th i s  s tep  was  60 %.  

Anal . :  Calcd. for Cz4Hz8OsN2: N, 9.03. F ound ,  N, 9.28. 
N, O-diacetyl-DL-serine. i g of  DL-serine was  d issolved in 5 m i  of 2 N N a O H  a n d  I. 5 m l  of  

acetic anhyd r ide  a n d  15 ml  of 2 N N a O H  were added  a l t e rna t ive ly  w i th  s h a k i n g  a t  r o o m  t e m p e r a -  
ture .  T h e n  1. 5 ml  more  of acet ic  a n h y d r i d e  was  added  a n d  s h a k e n  for 4 h a t  r o o m  t e m p e r a t u r e  
to ace ty la te  also t he  h y d r o x y l  group.  T he  m i x t u r e  was  acidified w i th  HC1 to p H  I. 7, s a t u r a t e d  
wi th  NaC1 a n d  ex t rac ted  IO t i m e s  wi th  io  ml  of  e thy lace ta te .  Af te r  d ry ing  t h e  so lu t ion  over  
Na~SO 4, t he  so lven t  was  r e m o v e d  in vacuo. T h e  oily ma te r i a l  ob t a ined  was  cooled, s c r a t ched  
a n d  t h u s  crystal l ized.  Af ter  recrys ta l l i za t ion  f rom a smal l  a m o u n t  of  wate r ,  45 ° m g  (25 %) of 
t h e  c o m p o u n d  was  isolated wh ich  mel ted  a t  136 ~ 7 °. The  RF va lue  on  a pape r  c h r o m a t o g r a m  
was 0.77 (bu tano] -ace t i c  ac id -wa te r ) .  Anal . :  Calcd. for CTHnOsBI: C, 44.44; H,  5.86; N, 7.4 o. 
Found ,  C, 44.37; H,  5.82; N, 7.46. 

N, O-diacetyl-DL-Seryl-L-tyrosine. T hi s  c o m p o u n d  was  p repa red  b y  t h e  s a m e  t e c h n i q u e  as  
N-acetyl-DL-seryl-L-tyrosine.  T he  m e t h y l  es ter  of t he  d iace ty ld ipep t ide  was  n o t  ana lyzed .  The  
free pep t ide  was  ob ta ined  in 43 % yie ld  b u t  it  con ta ined  t race  a m o u n t s  of  a c o n t a m i n a n t  and  
was  purif ied b y  pape r  c h r o m a t o g r a p h y .  The  ma te r i a l  isolated was  insuff icient  for ana lys i s  b u t  
i t  was  found  t h a t  t he  pept ide  con ta ined  i mole  each of ser ine and  ty ros ine  b y  a m i n o  acid ana lys i s  
af ter  hydrolys is .  
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RESULTS 

Co.a,iso,, o/acidic peptides [tom ~ve s,,ai.s ot 
The paper chromatographic patterns of the acidic peptides from the chymo- 

tryptic digests of the proteins from all strains were almost the same except for the 
spots No. 2 and No. 6 in HR and the spot No. 4 in YA strains (Table II). All of the 
peptides were negative to ninhydrin and were detected by the chlorine-starch-iodide 
reaction 13. In the present paper, spot No. 5 and spot No. 3 were studied. The eluate 
of the main component of the chromatograms of all strains, spot No. 5 showed the 
typical ultraviolet absorption spectrum of tyrosine with an absorption maximum at 
274 m~ in acid and 294 mt~ in alkaline solutions. Amino acid analyses revealed only 
tyrosine and serine in the approximate molar ratio of I : I  in every strain. 

The paper chromatograms of the hydrazinolysates of the main components of 
every strain, obtained by developing with collidine-water, gave completely the same 
pattern as that for acetylseryltyrosine which was previously isolated from common 
TMV protein 8. Alkaline silver nitrate revealed spots corresponding to hydrazine 
(R~ o.oo), serine hydrazide (Re o.o54), acetyl hydrazide (Re o.32) and an artifact 
(Re o.27) which might be derived from either serine or serine hydrazide 8. Ninhydrin 
revealed spots corresponding to tyrosine (Re o.o2) and to serine hydrazide. The free 
tyrosine must be liberated from the C-terminal position of the peptide by the action 
of hydrazine. Therefore the structure of this peptide should be aeetylseryltyr0sine. 

Amino acid analysis of spot No. 3 in every strain showed that it consisted of 
2 moles of glutamic acid and I mole of threonine. Consequently this peptide seems 
to have no connection with the acetylpeptide. To investigate the structure of this 
interesting peptide, isolation of more of the material was attempted. The dipolar 
peptide fraction (677 mg) of the chymotryptic digest of common TMV protein, which 
was retained on a Dowex-5o column during fractionation of the acetyl peptide was 
eluted with ammonia. The eluate was then evaporated, the residue redissolved in 
water and heated at IOO ° at pH 6.6 for I h. The solution was again applied to the 
acid form of a Dowex-5o X2 column and washed with water. An acidic peptide 
fraction was again obtained, in a yield of 1.3 % (by weight). It was observed that 
this fraction contained several ninhydrin-negative but chlorine-starch-iodide- 
positive components on the paper chromatogram developed with n-butanol-acetic 
acid-water. For the separation of these peptides a Dowex-2 XIo column (chloride 
form) was used in similar manner as used for the purification of the acetylseryl- 
tyrosine 8. The elution curve is shown in Fig. i. Peak A, from fractions 32 to 39, was 
lyophilized and o.63 mg (9.3 % of the acidic fraction) of an almost pure peptide was 
obtained. Judging from the Re value on the paper chromatogram, it corresponded 
to spot No. 3. It was further purified by paper chromatography. The N-terminal 
analysis of this peptide gave a negative result by the FDNB method. A part of this 
peptide was incubated with carboxypeptidase and the 24-h digest was analyzed by 
one-dimensional paper chromatography using n-butanol-acetic acid-water as 
solvent. Strong ghitamine (Re o.18) and weak threonine (Re 0.29) spots were revealed 
by ninhydrin. Furthermore chlorine-starch-iodide revealed two additional spots, 
one of which was quite faint and corresponded to pyroglutamic acid (pyrrolidone 
earboxylic acid) (Re 0.66) while the other strong spot (Re 0.54) seemed to be a di- 
peptide which was produced from the original tripeptide by the action of carboxy- 
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peptidase. From the above results this peptide was tentatively identified as pyro- 
glutamylthreonylglutamine. To confirm this structure, the amino acids released from 
the peptide by carboxypeptidase were estimated as DNP-derivatives TM after various 
times of incubation (Fig. 2). The small amount of DNP-glutamic acid, which was 
observed, might arise from glutamine during the reaction with FDNB and the sum 
of the DNP-glutamine and DNP-glutamic acid was therefore also plotted. The 
amount of  peptide used was calculated from the estimation of DNP-threonine in the 
-omplete hydrolysate of an aliquot of the digest. The result of Fig. 2 confirmed that 
the amino acid sequence of this peptide was pyroglutamylthreonylghitamine. Peak B 
in Fig. I was also studied but  clear-cut results could not be obtained. 
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Fig. 2. Amino  ac ids  re leased f rom the  pyrog lu-  
t a m y l  pep t i de  b y  c a r b o x y p e p t i d a s e ;  e s t i m a t e d  as  

t h e i r  DNP-de r i va t i ve s .  

Fig. I. F r a c t i o n a t i o n  of acidic  pe p t i de  f rac t ion  p repa red  f rom hea t ed  d ipo la r  pep t i de  m i x t u r e  of 
the  c h y m o t r y p t i c  digest  (see t ex t ) .  7.2 mg  of the  s amp le  was  c h r o m a t o g r a p h e d  on a i X 2 3 cm 

co lumn of chlor ide  form of  Dowex-2 X io.  The effluent was  col lected in  2-ml fract ions.  

Amino acid analysis o~ acetylpeptide ~tom common TMV protein by various .methods 

Previous preparations 8 of the acetylpeptide contained 41% of non-peptidic im- 
purities after purification by a Dowex-2 column and the puri ty of the present prepa- 
ration was 74 %, as calculated from the UV absorption of the tyrosine residue. 
Further purification was at tempted by paper chromatography using paper pre- 
washed with the same solvent used as developer. The peptide was eluted from the 
paper with water, lyophilized, dissolved in absolute ethanol and precipitated with 
ether. This procedure, however, did not appreciably increase the purity of the peptide. 

After hydrolysis of the peptide with twice-distilled constant-boiling hydrochloric 
acid at IiO ° C for 12 hours, the product, in both acid and alkaline solutions, showed 
marked UV absorption at and above 300 m/z. The peptide, before hydrolysis, did 
not absorb UV light at 325 m/~ and showed little absorption at 3oo mF. The amount 
of tyrosine in the hydrolysate was measured by using the base line derived from 
extrapolation of the slope of absorption between 300 and 35o m/~. This value agreed 
with the colorimetric tyrosine estimation with the I-nitroso-2-naphthol reagent 1~. In 
contrast, the tyrosine color value of the intact peptide corresponded to only 74 % 
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of the UV absorption value. This discrepancy may be due to the solubility o: the 
colored peptide derivative ila dichloroethylene which was used to extract the excess 
reagent after the reaction. 

In previous amino acid analysis of the peptide 8 by the FDNB method, o.8z and 
o.67 moles of serine and tyrosine per mole of the peptide were found, respectively, 
as averages of four experiments. Column chromatography 9 of previous preparations 8 
gave 1.14 and 0.85 moles for these two amino acids as average values of two analyses 
without correction for destruction during hydrolysis. The present preparation, when 
analysed by the latter method, gave 0.99 and 0.94 moles of serine and tyrosine 
(average of two analyses) respectively without correction, in support of the belief 
that this peptide is a dipeptide of serine and tyrosine. 

Comparison o/natural and synthetic acetylseryltyrosine 

Neither the natural nor the synthetic acetylseryltyrosine could be obtained in 
crystalline form. These were therefore carefully compared by a variety of methods: 

I. RF value. RF values of the natural and synthetic N-acetylseryltyrosine and 
N,O-diacetylseryltyrosine were o.7o, o.7o and o.82, respectively, on paper chromato- 
grams developed with n-butanol-acetic acid-water (4:1:1). 

2. Position o/DNP-derivative on paper chromatogram. The peptides gave ethyl 
acetate soluble and colorless DNP-derivatives 8. The natural and synthetic N-acetyl- 
peptides were located at the same position as DNP-serine on the two-dimensional 
paper chromatogram prepared by the method of LEVY z*. The DNP-N,O-diacetyl 
peptide was located just below the dinitrophenol spot. The U-V-absorption spectra 
of these three DNP-peptides were the same as that  of O-DNP-tyrosineS, ~°. 

3. Mobility on a paper electrophoregram. Both the natural and synthetic mono- 
acetyl peptides migrated 4.7 cm from the starting line towards the anode, using 
Whatman No. 3 MM paper, collidine-acetic acid buffer of pH 6. 7, and 8 V/cm and 6 h. 

4. Position o/peak/tom Dowex-2 column. The natural and synthetic N-acetyl- 
peptides were applied to a Dowex-2 column (2 × 15 cm, chloride form) and eluted 
with o.o15 N hydrochloric acid as shown in Fig. 3- Both elution curves were the. 

Fig. 3. Elut ion curves of the natural  and syn- 
thetic N-acetylseryl tyrosine f rom Dowex-2 
XIO column (I × 2o cm, chloride form). 
o.41 mg  of the  na tura l  and o.65 mg of syn- 
thetic peptides were applied to the  column 
separately,  eluted wi th  o.o15 N hydrochloric 
acid and the  effluent was collected in 2-ml 
fractions. Recovery of the sample was about  

9o % in both  cases. 
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same and the elution curve upon chromatography of a mixture of the two N-acetyl- 
seryltyrosine samples also showed a similar pattern (not illustrated). 

5. Tyrosine color value with I-nitroso-2-naphthoP 6. As already described the acetyl- 
pep'tide gave a tyrosine color value lower than expected. Both the natural and 
synthetic N-acetylpeptides gave the same amount of color, namely 73.9 and 74.1% 
of the tyrosine content as estimated by UV absorption, respectively. 

6. Folin color 12. When the Folin color value of the natural peptide was taken 
as unity, that for the synthetic N-acetylpeptide was 0.96. 

7. Formic add-treated product. If the natural acetylpeptide was N-acetylseryl- 
tyrosine, an acyl shift should be possible under certain conditions, leading to O-acetyl- 
seryltyrosine via an assumed oxazoline compound as an intermediate ~1-~. Both 
natural and synthetic N-acetylpeptides were dissolved in anhydrous formic acid 23, 
the mixtures kept for 4 h at room temperature, lyophilized and applied to paper. 
A new spot appeared on the paper chromatogram developed with butanol-acetic 
acid-w~rttx, which had an RF value of 0.77 in both cases. The acid~treated product 
was regenerated to the original peptide after incubation with IO % ammonia for 4 h 
at room temperature. The N,O-diacetylpeptide did not change in chromatographic 
behavior under the above conditions. 

The results described above, confirmed the previous conclusion that the natural 
acetylpeptide was N-acetylseryltyrosine. 

DISCUSSION 

Consideration of the results given in the present paper enable one to conclude that 
common TMV and four of its strains (M, YA, JI4D1, and HR) contain the same 
acetylpeptide in their polypeptide chains, namely N-acetylseryltyrosine. This struc- 
ture of the peptide suggested in the previous pape# was confirmed by the amino 
acid analysis with ion exchange chromatography and by the comparison with syn- 
thetic N-acetylseryltyrosine in various respects. 

Differences of the proteins of various strains of TMV had been demonstrated 
by amino acid analyses1, 2, by the peptide pattern of the tryptic digests 24 (HR and 
YA), and by isolation of the C-terminal hexapeptide (HR) s. In the present studies, 
minor differences in the chromatographic patterns of the acidic peptide fractions from 
the chymotryptic digests were also observed for HR and YA (Table II) in accordance 
with the previous findings described above. 

The pyroglutamylthreonylglutamine, demonstrated in the acidic fractions of the 
chymotryptic digests of five strains, might be derived from the corresponding 
glutaminyl peptide by cyclization during ion-exchange treatment. C-terminal 
glutamine peptides have not been previously found in chymotrypsin digests but would 
easily be missed in a hydrazinolysate. The present method to isolate N-acylpeptides 
seems to be applicable to all proteins which lack N-terminal groups. However, the 
present results have shown that not all acidic peptides need be acylpeptides, and 
in particular the presence of a glutamic acid residue in such a peptide suggests that 
it may be a pyroglutamyl peptide. As is well known, glutamine and glutaminyl 
peptide are quite labile even in neutral solution and they have the tendency to 
cyclize to pyroglutamyl residue 9s-27. Slight acid and a higher temperature accelerate 
this tendency. Actually more pyroglutamyl peptide was obtained from the dipolar 
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p e p t i d e  f r a c t i o n ,  w h i c h  w a s  r e t a i n e d  o n  t h e  D o w e x - 5 o  c o l u m n ,  a f t e r  h e a t i n g  i t  a t  

IOO ° a n d  p H  6 .6  fo r  I h .  T h e r e f o r e  t h e s e  p r o c e d u r e s  a r e  a l so  a v a i l a b l e  t o  i s o l a t e  

g l u t a m i n y l  p e p t i d e s  f r o m  a p e p t i d e  m i x t u r e  a s  p y r o g l u t a m y l  p e p t i d e s .  SAI~GER m a lso  

f o u n d  b o t h  t h e  g l u t a m i n y l  a n d  t h e  c o r r e s p o n d i n g  p y r o g l u t a m y l  p e p t i d e s  i n  a c h y m o -  

t r y p t i c  d i g e s t  of  o x i d i z e d  A c h a i n  of i n su l i n ,  w h i c h  w a s  h e a t e d  t o  i n a c t i v a t e  t h e  

e n z y m e .  
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SUMMARY 

Acetylseryltyrosine was isolated from the chymotryptic digests of the proteins of five tobacco 
mosaic virus strains: common TMV, M, JI4DI, HR and YA. N-acetylseryltyrosine and N,O- 
diacetylseryltyrosine were synthesized. A comparison of these with the natural peptide in various 
respects confirmed that the natural acetyIpeptide was N-acetylseryltyrosine. Small amounts of 
pyroglutamylthreonylghitamine were also detected in the chymotryptic digests of the TMV 
proteins in every strain. This peptide was probably derived from glutaminyl threonylglutamine 
by the catalytic action of the ion-exchange resin, which was employed during fractionation of 
the peptide. 
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