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The complete amino acid sequence of cytosolic serine 
hydroxymethyltransferase from rabbit liver  was de- 
termined. The sequence was determined from analysis 
of peptides isolated from tryptic and cyanogen bromide 
cleavages of the enzyme. Special procedures were used 
to isolate and sequence the C-terminal and blocked N- 
terminal peptides. Each of the four identical subunits 
of the enzyme consists of 483 residues. The sequence 
could be easily  aligned  with the sequence of Esche- 
richia  coli serine hydroxymethyltransferase. The pri- 
mary structural homology between the rabbit and E. 
coli enzymes is about 42%. The importance of the pri- 
mary and predicted secondary structural homology be- 
tween the two enzymes is discussed. 

Serine hydroxymethyltransferase catalyzes the conversion 
of serine  and  tetrahydrofolate to glycine and 5,lO-methyl- 
enetetrahydrofolate. This reaction serves as the primary 
source of one-carbon groups for biosynthetic reactions in the 
cell (1). The enzyme activity is widely distributed in nature, 
being found in prokaryotic, eukaryotic, and  plant cells (2-6). 
The enzyme has been purified from several mammalian livers, 
plants  and Escherichia  coli (2-6). Recently the enzyme has 
been purified and crystallized from the obligate methylotroph, 
Hypomicrobium  methylovorum (7). In addition to using the 
coenzyme tetrahydrofolate, the purified enzyme also contains 
pyridoxal-P. Extensive studies have been done on the mech- 
anism of the enzyme with respect to  the structure  and  rates 
of interconversion of intermediates (1). These  studies suggest 
that  the mechanism of the liver enzyme is  very similar to  the 
mechanism of the E. coli enzyme (2). The liver of mammals 
contains  both cytosolic and mitochondrial forms of the  en- 
zyme (8). Several studies have been done on the  plant enzyme 
but at this time few mechanistic or structural results permit 
comparison to the mammalian enzyme ( 5 ) .  

The E. coli gene coding for serine hydroxymethyltransferase 
has been cloned and  the  structural gene sequenced (9, 10). 
From the DNA sequence, an amino acid sequence for the E. 
coli enzyme has been proposed (10). This proposed sequence 
has been verified by determining the N-terminal,  C-terminal, 
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and active site sequences of the enzyme by classical protein 
sequencing methods (11). Cysteine-containing peptides and 
the pyridoxal-P-containing peptide of rabbit liver cytosolic 
and mitochondrial serine hydroxymethyltransferase have also 
been sequenced (12-14). These  studies suggested that there is 
considerable sequence homology between the prokaryotic and 
eukaryotic forms of the enzyme (2). 

In  this paper we report the complete amino acid sequence 
of rabbit liver cytosolic serine hydroxymethyltransferase 
which has been determined by classical protein sequencing 
methods. This  is  the first reported sequence of the enzyme 
from a eukaryotic source. It confirms that  there is considera- 
ble sequence homology with the E. coli enzyme. Serine hy- 
droxymethyltransferase contains  sites for binding the amino 
acid substrate  and the two  coenzymes. The sequence of a 
peptide involved in binding pyridoxal-P has been shown pre- 
viously to be conserved between eukaryotic and prokaryotic 
forms of the enzyme (2). However, little is known about those 
amino acid sequences in the enzyme which are involved in 
binding of the substrate amino acid and tetrahydrofolate. 
Important catalytic residues are also expected to be conserved 
in these sites since the mechanisms of the enzymes from 
eukaryotic and prokaryotic sources seem to be  very similar. 
We report the methods for determining the sequence and 
discuss the  structural features which  may  be related to  the 
function of this enzyme. 

EXPERIMENTAL PROCEDURES AND RESULTS’ 

DISCUSSION 

The complete amino acid sequence of rabbit liver cytosolic 
serine hydroxymethyltransferase is  given in Fig. 1. The pro- 
tein is made up of four identical subunits each containing 483 
residues; the subunit molecular  weight of the apoenzyme is 
calculated to be  52,894,  which is in good agreement with that 
reported previously (15). The amino acid composition deduced 
from the sequence agrees with that obtained following acid 
hydrolysis (Table  I). The sequence was  deduced  following the 
isolation and characterization of a complete set of tryptic 
peptides which  were ordered by overlapping peptides obtained 
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FIG. 1. Complete amino acid sequence of cytosolic serine hydroxymethyltransferase from rabbit 
liver. -, extent of the various fragments used to construct the sequence; - - -, sequences inferred from amino 
acid compositions. T, tryptic peptides; B,  cyanogen bromide peptides. 

following  cyanogen bromide cleavage. 
The extensive use of high-performance liquid chromato- 

graphic procedures on macroporous reverse-phase columns 
greatly facilitated the work necessary for peptide purification 
as compared with our  initial efforts based upon the use of ion- 
exchange columns and paper or thin layer separation tech- 
niques. Similarly, in the final part of the work, the availability 
of a gas-phase automatic sequencer was of great help mainly 
for confirmation of the  structure in regions of the protein 
whose sequence was deduced only on the basis of relatively 
weak evidence from juxtaposed subfragments. Of great help 
in establishing the C-terminal sequence of the protein were 
the results obtained after application of a procedure aimed at 
the selective isolation of a covalently modified version of a  C- 
terminal fragment. Moreover, the proposed C-terminal  se- 
quence agrees with the results of carboxypeptidase digestion 
of the  intact protein which identified phenylalanine as  the C 
terminus (18). The N-terminal residue of the protein is 
blocked, and  the  pertinent  tryptic peptide was isolated after 
application of a selective procedure. Analysis of this peptide 
solved the N-terminal sequence of the protein,  and the block- 
ing group was established as acetyl. 

The amino acid sequence of rabbit liver cytosolic serine 
hydroxymethyltransferase is compared in Fig. 2 with that of 
the protein coded  by the glyA gene of E. coli, which  was 

identified as  the bacterial version of this enzyme (10). This 
identification was substantiated by our preliminary sequence 
data on both cytosolic and mitochondrial isoenzymes (18), by 
the isolation of the bacterial enzyme, by the study of some of 
its functional and  structural properties ( l l ) ,  and now  by the 
complete sequence data of the cytosolic isoenzyme as shown 
in Fig. 2. In order to optimize the homology, it was necessary 
to insert  a number of gaps into the sequences. These gaps 
account for the larger size of the mammalian protein (483 
residues) with respect to  the bacterial one (417 residues). The 
66 extra residues in the rabbit enzyme appear to be mainly 
clustered in a relatively restricted number of definite seg- 
ments. The  extent of homology among the two proteins is 
42.0%. This is of the same order of that observed in another 
case of pyridoxal-P-dependent enzyme, i.e. aspartate amino- 
transferase, where the homology among the E. coli (19) and  a 
corresponding mammalian isoenzyme, that from  pig heart 
(20), is 38.8%.  However,  when the comparison of the sequence 
of serine hydroxymethyltransferase is restricted to  the aligned 
segments, after exclusion from the calculation of the inser- 
tions included t o  maximize the alignment, the extent of ho- 
mology among the eukaryotic and prokaryotic enzymes in- 
creases to 49.6%, whereas in the case of aspartate  aminotrans- 
ferase enzymes,  which differ in length by only 16 residues, 
homology remains practically invaried (40.4%). This suggests 



425 

L L E K D F Q K V A H F I H R G I E L T V  

FIG. 2. Comparison of the amino acid sequences of E. coli and rabbit liver cytosolic serine hydrox- 
ymethyltransferases. Gaps (-) in the sequences have been introduced to maximize the homology. Boxes 
indicate positions at which residues are identical. 

TABLE I 
Amino acid composition of cytosolic serine hydroxymethyltransferose 

from rabbit liver 
Acid hydrolyses were  performed on unmodified serine hydroxy- 

methyltransferase for 24, 48, and 72 h. The values of threonine and 
serine were obtained by extrapolation to zero time of hydrolysis. 
Values of valine and isoleucine were  from 72-h hydrolysates. 

Amino  acid  Amino  acid analysis Sequence 
residues/subunit 

Aspartic acid 40.6 42” 
Threonine 23.1 24 
Serine 27.7 28 
Glutamic acid 41.7 47b 
Proline 24.3 23 
Glycine 43.8 44 
Alanine 46.6 48 
Half-cystine 10.6‘ 10 
Valine 28.9 30 
Methionine 1.4 8 
Isoleucine 21.8  22 
Leucine 41.6 49 
Tyrosine 17.2 18 
Phenylalanine 15.7 16 
Histidine 15.2 16 
Lysine 25.7 21 
Arginine 28.5 29 
Tryptophan 1 .ad 2 

24 aspartic acid and 18 asparagine residues. 
30 glutamic acid and 17 glutamine residues. 

‘Determined as cysteic acid after hydrolysis in  the presence of 

Determined after hydrolysis with 4 N methanesulfonic acid (17). 

more extensive requirements for conservation of catalytically 
and/or conformationally relevant residues in the case of serine 
hydroxymethyltransferase. Moreover, inspection of Fig. 2 
shows that  the distribution of conserved and  substituted 
regions is clearly not uniform throughout the two sequences. 
In particular, homology is very high in  central regions of the 

dimethyl sulfoxide (16). 

two proteins, such as  that adjacent to lysine 256 which binds 
pyridoxal-P, and is virtually absent in the C-terminal portion. 
Of particular  interest for considerations on the  extent of 
predictable similarity of the three-dimensional folding of the 
two proteins is the conservation of residues such as glycyl and 
prolyl, which  may play unique roles in determining specific 
chain packing and  protein conformations. Out of the 44 
glycyls and 23 prolyls present in the eukaryotic enzyme, 29 
and 11, respectively, occupy the same position in  the E. coli 
protein. Prediction of secondary structure by the method of 
Garnier et al. (21) shows (Fig. 6) that  the two enzymes are 
49.1% homologous  by this criterion (58.0% after exclusion 
from the comparison of the inserted segments). Moreover, the 
calculated hydrophilicity profile of the inserted segments (Fig. 
7) is compatible with their location on the surface of the 
protein molecule. This suggests that  the inserted segments 
should cause no large deviance from a catalytically competent 
three-dimensional folding which should be  very similar for 
both the rabbit and E. coli enzymes, as expected on the basis 
of our mechanistic studies (11). 

Recognizing the similarity between the eukaryotic and  pro- 
karyotic forms of serine hydroxymethyltransferase is impor- 
tant in continuing our studies on the mechanism and function 
of this enzyme. We have recently changed an active site 
histidine to  an asparagine in the E. coli enzyme (2). The 
importance of this histidine was suggested by the conservation 
of an 11-residue amino acid sequence between the rabbit 
cytosolic and mitochondrial isozymes and  the E. coli enzyme. 
This histidine residue (position 255) was  known to be at  the 
active site because of it being adjacent to  the lysyl residue 
which binds pyridoxal-P. Because it is relatively easy to 
change amino acid residues by site-directed mutagenesis, we 
will  now  be able to look at other sequences where there is 
strong homology as possible sites of important amino acid 
residues involved directly in the mechanism of this enzyme. 
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An example is the sequence Arg-Tyr-Tyr-Gly-Gly (position 
80-84) which is present in all three enzyme forms. We  are 
also interested in locating the polyglutamate binding domain 
of tetrahydropteroyl polyglutamate. We assume that a series 
of positive charges on  the enzyme will interact with the 
negatively charged y-carboxyl residues of the polyglutamate 
portion of the coenzyme. In the E. coli enzyme we have located 
4 lysyl residues which occur in a region (187-195) predicted 
to be an a-helix. Model building studies show that  the 4 lysyl 
residues are on the same side of the a-helix and are separated 
by  about the same distance as the carboxyl residues of the 
tetrahydropteroyl triglutamate. Three of the four positive 
charges are conserved in the rabbit enzyme sequence. We plan 
to change these residues in the E. coli enzyme by site-directed 
mutagenesis to see whether they are involved in binding the 
glutamate residues of the coenzyme. We are currently deter- 
mining the primary  structure of the rabbit mitochondrial 
enzyme. As sequence information is accumulated, additional 
amino acid residues, which have been conserved in all three 
enzyme forms, will be tested for function by site-directed 
mutagenesis on the E. coli enzyme. 

Knowing the primary structure of the cytosolic enzyme has 
also aided our studies in trying to isolate the gene which codes 
for this enzyme from  a cDNA library. We have made  a series 
of DNA probes to the most probable nucleotide sequence 
coding for positions 381-394 and 253-258. Our preliminary 
results suggest that we have several clones which hybridize 
with these probes. We  are currently sequencing these cDNA 
clones to see whether they indeed code for cytosolic serine 
hydroxymethyltransferase. 
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THE PRIMARY STRUCTURE OF R A B B I T  LIVER CYTOSOLIC 
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EXPERIMENTAL PROCEDURES 

M a t e r i a l s  . The  enzyme w a s  i s o l a t e d  f r o m   r a b b i t  l i v e r  a c c o r d i n g  t o  
S c h i r c h  and P e t e r s o n  1221. T r y p s i n  ( c o d e  TRTPCKI. c h y m o t r y p s i n  (code 
COII, c a r b o x y p e p t i d a s e  A ICOAPMS) and B ICOBPMSI were f r o m   Y o r t h i n g t a n  
Biochemical  t o . ;  ~ l l b o x y p e p t l d a s e  Y and  p y r o g l u t a n a t e   a m i n o p e p t i d a s e  
f l m  B o c h r i n g e r  GmbH; S t l p h y l o C O C C U I  allreus Y - 8   p r o t e a s e   f r o m  Miles; 
t h e r n o l y r l n   f r o m  M e r c k .  l o d o  ( 2 -  1 4 C l a c e t s t e  was f l o m   R a d i o c h e m i c a l  
C e n t r e .   A n e r r h a m .  and g u a n i d i n e - H C 1   ( f r o m   C a r l o   E l b a I  w a s  
r e c r y s t a l l i z e d   f r o m   m e t h a n o l .   C y a n o g e n   b r o m i d e .   g l y c i n a m i d c  and  
l-ethyl-3-(3-dilethylaninopropyl)carbsdll~ide were from F l u k a .  

r a d i u m  b o r o h y d r i d e  ( 2 1 )  and  t h e n  S - c a r b o x y m e t h y l a t e d  was r u r p e n d e d   i n  
P r e t e s l y t i C   c l e a v a g e s  . A Sample  1500 m g l  of   enzyme r e d u c e d   w i t h  

25 m1 o f   0 . 1  M ammonium b i c a r b o n a t e  and i n c u b a t e d  at 37- C f o r  2.5 h 
a f t e r   a d d i t i o n  O f  IO ng O f  t r y p s i n .  The cleavage r e a c t i o n  w a s  s t e p p e d  
b y   a d d i t i o n   o f   g l a c i a l  a c e t i c   a c i d  t o  10% f i n a l   C o n c e n t r a t i o n .  
P e p t i d e s .   s o l u b l e  under  t h e r e   c o n d i t i o n s .  were separated f r o m   t h e  
i n s o l u b l e  ones b y   c e n t r i f u g a t i o n  and t h e  two f r a c t i o n s   s e p a r a t e l y  

w a s  diIIOlled i n  7 nl O f  70% l v l v l  f o r m i c  a c i d  and i n c u b a t e d   w i t h  600 
lyophilized. A Second Sample O f  300 '9 o f   S - c a r b o x y a e t h y l a t e d   p r o t e i n  

m g  O f  CNBr f o r  20 h a t  room t e m p e r a t u r e  i n  t h e  d a r k ,  

t r y p s i n ,   c h y m o t r y r i n  or t h e r m o l y s i n   a t  a n  EIS r a t i o  1 / 3 0  f o p  2 t o  5 h 
C l e a v a g e   o f   t h e   l a r g e s t   p e p t i d e   f r a c t i o n r  was p e r f o r m e d   w i t h  

a t  37-C i n  0 .1 W IIIMIY~ b i c a r b o n a t e .   S u b d i g e s t i o n s   w i t h  5 .  l u r e u s  
p r o t e a s e  were p e l f o r m e d  under  i d e n t i c a l  c o n d i t i o n s  except t h e  E / S  
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mixture. Yhen t h e   d i g e s t i o n  m i x t u r e  remained i n s o l u b l e .   a c e t o n i t r i l e  
r a t i o  # a s  1 /20 and t h e   p r e s e n c e   o f  2 nM EOTA i n c l u d e d  i n  t h e   d i g e s t i o n  

w a s  added t o  10-20'1 l v / v l  f i n a l   c o n c e n t r a t i o n  t o  improve s u b s t l a t e  
s o l u b i l i z a t i o n .  

a c i d .  were f i r s t   f r a c t i o n a t e d   b y   g e l - f i l t r a t i o n  on I Sephadex  6-25 
P e p t i d e   p u r i f i c a t i o n  . The t r y p t i c   p e p t i d e s .   s o l u b l e  I n  10% I C C t l C  

f i n e   c o l u m n   1 2 . 5  x 120 cml i n  10% a c e t i c  a c i d  ( F i g .  3 1 .  T h e s e   p e p t i d e s  
were t h e n   p u r i f i e d   b y   i o n - e x c h a n g e   a n d   t h i n   l a y e r   c h r o m a t o g r a p h y  0 1  

e l c c t r o p h o r e r l r  as p r c v i o ~ ~ l y   d L I C r i b e d  123). An a l i q u o t   f r o m   t h e  
v a T i o u I   f r a c t i o n s   C o l l e c t e d   a f t e r   S e p h a d e x   6 - 2 5   c h r o m a t o g T a p h y  was Set  
a p a r t  and p u r i f i e d  u s i n g  a U r c k n a n   m o d e l  332 h p l c .  on macroporour 
l e v e ~ s c  phase c o i u m ~  (Aquapore   RP-300.  4 . 6  01 7.0  x 250 mm. 10 pm. 
U r o v n l r e   L a b r l  eluted w i t h  g r a d i e n t s  o f  0 to 7 0 2   d c e t o n i t l i l e  i n  0.2% 
I r l r l  t r i f l u o r o a c e t i c  a c i d .  at I f l o w   r a t e  O f  1 . 2  or 3.0 nl/min. 
E l u t i o n  O f  t h e  p e p t i d e s  was  m o n i t o r e d  on a Becknan 165 
S p e c t r o p h o t o m e t e r  at 220 and 2 8 0  or  325 nm. P r o d u c t s  O f  ICCondarY 
f r a g m e n t a t i o n   p r o c e d u l e s  *ere p u r i f i e d  by h i g h  p e l f o r m a n r e  l i q u i d  
c h r o m a t o g r a p h y   ( h p l c )  under r l n i l a r   c o n d i t i o n s .  

S e p h a d e x   G - 5 0   s u p e r f i n e  i n  1 0 %   a c e t i c  a c i d  ( F i g .  4 1 .  The  V I r i O u I  
CNUr p e p t i d e s  were f i r%t  f r a c t i o n a t e d  on a column 12.5 x 1 4 0  cml a f  

w i t h  4. a u l e u f  pvoteare e i t h e r   d i r e c t l y  or a f t e r   f u r t h e r  
f r a c t i o n s  w e r e  r u b d i g e s t e d   w i t h   t r y p s i n .   c h y m o t r y p s i n .   t h e r n a l y r i n  01 

p u r i f i c a t i o n   b y   h p l c  a s  d e s c r i b e d   a b o v e .  
The r u b d i g e s t i o n   m i x t u r e s  were 1110 g e n e l a l l y   p u r i f i e d   b y  a t w o - s t e p  

6 - 2 5   s u p e l f i n e ,  2.3 x 120 cm; 10% a c e t i c  a c i d )  and  f i n a l  p v r i f i c a t i a n  
p r o c e d u r e .   u t i l i z i n g   p r e - f r a c t i o n a t i o n   b y   g e l - f i l t r a t i o n   ( S e p h a d c x  

b y   r e v e l l e - p h a l e   h p l c .  

A n a l y t i c a l   t e c h n i q u e s  . Amino a c i d   a n o l y r i r  and  sequence  
d e t e r m i n a t i o n  were performed a s  d e s c l i b e d  i n  l e f e r e n c e  23. O a n r y l - T r p  
was i d e n t i f i e d   a f t e r  5 h - h y d r o l y s i s   a t  llODC w i t h  4 N m e t h a n r r u l f a n i c  
a c i d  c o n t a i n i n g  0.2% 3 - I Z - o ~ l n o e t h y l l i n d o l e .  other conditions b e i n g  
i d e n t i c a l   t o  t h o I e  d e s c r i b e d  in r e f e l e n c e   2 5 .  Wore r e c e n t l y .   t h e  
a m i d a t i o n  s t l t e s  O f  G I u  and A l p  were a s s i g n e d  b y   d i r e c t   i d e n t i f i c a t i o n  

d a n s y l - E d n a n  s e q u e n c e   a n a l y s i s .  The sane p?dCedule was used f o r   t h e  
b y   h p l c  O f  t h e   p h e n y l t h i a h y d a n t o i n  I P T H I   d e r i v a t i v e s  released d u r i n g  

i d e n t i f i c a t i o n  o f   t h e  PTH d e r i v a t i v e  o f   c a r b o x y n e t h y l c y r t t i n e  (261. I n  



Cytosolic Serine Hydroxymethyltransferase 5503 
some carer p t p t l d e s  "ere s e q u e n c e d   a u t o m a t i c a l l y   b y   w i n g  a model 410 
A g a s - p h a s e   s e q u e n c e r   f r o m   A p p l i e d   B i o l y s t e m s   e q u i p p e d   w i t h  I model 
120 A V T H  a n a l y z e r   f o r   t h e   o n - l i n e   d e t e c t l o n   o f  VTH-amino  acids. 

p rocedure   o f  I o s h i d a  ( 2 7 1  was a p p l i e d   w l t h  some m i n o r  m o d i f i c a t i o n s .  
l ~ e l l t ~ o n  O f  t h e  N - t e r m i n a l   b l o c k e d  p e p t i d e  . The C I ~ I I i C D l  

C a r b o x y n e t h y l a t e d   p r o t e i n  (35 mgl war d i g e s t e d   w i t h  1 ng O f  t r y p s i n  
f o y  4 h at 37'C i n  0 .1 H ammonium b i c a r b o n a t e   a n d   t h e n   M i t h  0 . 4  ng o f  
carboxypeptidase 0 f o r  3 h u n d e r   t h e  sane c o n d i t i o n s .  The   m ix tu re  O f  
p e p t i d e s   a f t e r   r e p e a t e d   l y e p h 7 1 i z a t i o n  was l o a d e d  o n t o  I column ( 2  x 

0.1 M a c e t i c   a c i d .   T h e   e l u t e d   f r a c t i o n  I ~ I  l y o p h l l l z t d  and s u b j e c t e d  
25 cml O f  SP-Sephader 6-25 i n   t h e  H' f D T m  and t h e   c o l u m n   e l u t e d   w i t h  

to f i n a l   p u r i f i c a t i o n   b y   h p l c   u n d e r   t h e  conditions d e s c r i b e d   i n   t h e  
I e c t l o n  P e p t l d a   p u r i f j c a t i o n .  

RESULTS 

t h e   a c i d i c   p e p t i d e s   o b t a i n e d  l f t e r   a p p l i c a t i o n  o f  t h e   p r o c e d u r e  O f  

n - t e r m i n a l  sequence O f  t h e   p r o t e i n  . F i n a l  h p l c  p Y r i f l C l t i O n   o f  

v o l h i d a   a l n e d  a t  t h e   I s o l a t i o n   o f   I - t e r m i n a l   b l o c k e d   p e p t i d e s  1 5  shown 
i n   F i g .  5. Both  peaks 1 and 2 C o r l e s p o n d  t o  p e p t i d e   m a t e r i a l   w i t h  an 
u n r e a c t i v e   N - t e r m i n a l   r e s i d u e .   F u r t h e r   a n a l y s e s   o f   t h e   p e p t i d e  

G l p - A l d - l l e t - T h r - V r ~ - G l ~ .  T h l r   p e p t i d e  c l e a r l y   O r i g i n a t e d   f r o m  1 
c o n t a i n e d   i n  peak 1 l d e n t i f l e d  t h e   f o l l o w i n g   s t r u c t u r e :  

tryptic f r a g m e n t   c o r r e s p o n d i n g  to 1 2 4 .  w i t h   t h e   N - t e r m i n a l   g l u t a m i n e  
c y c l i z e d  t o  p y r r o l l d o n e   c a r b o x y l i c   a c i d  and t h e   C - t e r m i n a l  Phe and  Lyr  
r e l l d u e s  removed a f t e r   t h e   c a r b o x y p e p t i d a l e  B t r e a t m e n t .  Amino a c i d  
a n a l y r l r   o f  peak 2 g a v e  t h e   f o l l o w i n g   c o m p o l i t l o n   ( m o l  per mol of  

Y a l ( l . 1 1 .   T h i s   p e p t t d e  W a s  r u b d i g e r t e d  l r t h  t h e r m o l y r i n  fOf  2h a t  31-C  
p e p t l d e l :   A s p l l . l l ,   T h r l O . 0 ) .  Vroll.Ol. G l y l l . 0 ) .   A l a l 2 . 0 1  and 

puy i f i ed   by   hp lC .   F ragmen t   L1  w a s  U n r e a c t i v e  to d a n s y l - C I  and h a d   t h e  
~n 0.111 a m w n i u n   b l c a r b e n l t e  (E/S r a t i o  = ll5Ol and t h e   f r a g m e n t s  

f o l l o u i n g   a m i n o  acid c o m p o s i t i o n :   A l a  ( 2 . 0 1 .  Thr (0.81. D i g e s t i o n   o f  
t h l s   m a t e r i a l   * i t h   c a r b o x y p e p t l d a r e  A r e l e a s e d   a f t e r  30 nln  A l a   ( 0 . 6 1  
a n d   a f t e r  3 h A la   (1 .01   and   Th r  ( 0 . 8 1  and an N - t e r m i n a l   b l o c k e d  
r e s i d u e  which cach romatog raphed   w i th  a s t a n d a r d   o f   a u t h e n t i c  

cam. 5 urn, Brownlee L a b s ) ,   e l u t e d   w i t h  a l i n e a r   g r a d l e n t  O f  

a c e t y l - a l a n i n e  when a n a l y z e d   b y   h p l c  on a S p h e r i - 5   c o l u m n  ( 4 . 6  x 250 

a c e t o n l t r l l e   i n  0 . 2 1  aqueous  t r l f lUOIDaCet iC  ac id .   aFCDTdlng  to a 
r l r g h t l y   D O d I f l e d   v e r s i o n  O f  the   method O f  T I u n a l a w l  ( 3 0 1 .  The 

* a s :  V a l - A r n - G l y - A l a - P r o .  The whole O f  t h e r e  lelvlts i n d r c a t e d   t h e  
requencc o f   f r a g m e n t  1 2 ,  a s  d e t e r m i n e d   b y   t h e  dmOyl-Ed.d* p r o c e d u r e .  

f o l l o w i n g  s t r u c t u r e  f o r   t h e   N - t e r m i n u s   o f   t h e   p r o t e i n :  
a c e t y l - A l ~ - T h r - A l a - Y a l - A r n - G l y - A l a - V ~ o .  

f e a t u r e s  0 1  t h e   p e p t i d e   i n  peak 2 .  b u t  was p r e s e n t   i n  much l e s s  
The m a t e r i a l   C o r r e s p o n d i n g  to peak 2 a  h i d   t h e  Sane analytical 

q u a n t i t y .  The C h v o m d t o g r d p h i c   d l f f e r e n c e   c o u l d   b e   e l p l a i n e d   b y   t h e  
formation O f  a P - a s p a r t y l  peptide bond   f rom  the   A rn -G ly  at p o s i t i o n s  
5 - 6   ( 3 1 1 .  

t h e   p e p t l d e   f r a c t i o n   O b t a i n e d   a f t e r   t h e   p r o c e d u r e   o f  H a r g r a v e  and  Yold 
C - t e r m l n a l  sequence o f   t h e  protein . Final h p l c   p u r i f i c a t i o n  o f  

almed I t  t h e   i s o l a t i o n   o f   t h e   C - t e r m m n a l   f r a g m e n t   o f   t h e   p r o t e i n  
a l l o w e d   t h e  isolation O f  t w o   p e p t i d e s .   A n a l y s i s  O f  one o f   t h e s e  

r l t h  t h e   t r v O t i C   o e o t i d e  7 3 3 .  c l e a r l y  origin at in^ f r o m  an t n t e r n a l  
r e v e a l e d   t h e   s e q u e n c e :  Ser-Ala-Leu-Arg-Pro-Ser-Gly w h i c h   i d e n t i f i e r  i t  

regron o f  the p o l y p e p t i d e   c h a i n .   1 h e . r e c o n d   p e p t l d e  #as c o m p l e t e l y  
a n a l y z e d   b y   d a n r y l - E d m a n   d e g r a d a t i o n  and  had t h e   f o l l o w i n g  I t l U E t U r L :  

A 1 ~ - A 1 ~ - L ~ ~ - v h ~ - P ~ ~ - L ~ ~ - P ~ ~ - G l y - L ~ ~ - V ~ ~ - G l y - P h ~ .  A f t e r   t h e   1 2 t h   c y c l e  
of  Edman d e g r a d a t l o n .   t h e   m a t e r i a l  remaining i n   t h e   r e a c t i o n   t u b e  Was 

w i t h o u t   p r e v i o u s   h y d r o l y s i s   w ~ t h  6 N H C l .  A $ p o t  w i t h   t h e  Sane 
reac:ed w i t h   d a n r y l - C 1  and  ana lyzed by t h i n   l a y e r  ChrOWlatOgraphY 

c h ~ o m i l t ~ g r d p h i c   p r o p e r t i e s  O f  d a n r y l - g l y c i n a m i d e  WII C l e a r l y   e v i d e n t ,  
t h u s  indicating t h a t   t h e   p e p t i d e   o r i g i n a t e d   f r o m   t h e  C - t e r m ? n u s  o f   t h e  

o r i g i n a t e d   f r o m  I C h y m o t r y p t i c - l i k e   c l e a v a g e  at 1 V h e - A l a   ( r e s i d u e s  
p o l y p e p t i d e   c h a i n .  It s h o u l d   b e   n o t e d   t h a t   t h i s   p e p t i d e   a c t u a l l y  

411-4721  band.   poss ib ly   due t o  t h e   r e l a t i v e l y   h i g h  EIS ( 1 / 1 0 1  r a t i o  
u s e d   d u r s n g   t h e   t r y p t i c   d l g e r t i o n .  The t r y p t i c   p e p t i d e   c o r r e s p o n d i n g  

.. . . 

t o  t h e  ~ e g m e n :  f r o m   G l n   4 6 6  t o  Vhe 483 p l u s   g l y c i n a m l d e  was n o t   f o u n d .  

r e p o r t e d   i n   T a b l e s  l l  and  1 1 1 .   A r g i n i n e   a n d   l y r l n e  were a l s o   o b t a i n e d  
a s  f r e e  &.,no a c i d s   f r o m   t h e   t r y p t i c   d i g e s t .  I n  R O S t  C a s e 5  each 
p e p t i d e  became a v a i l a b l e   t h r o u g h  two d i f f e r e n t   p u r i f i c a t i o n   p r o c e d u r e s  

r e l a t l r e  t o  t h e  p e p t i d e  which g a v e  t h e  mole I U C c e I I f U I  a n a l y s e s  Y e r e  
( s e e  t h e  s e c t i o n  P e p t i d e  p u r i f i c a t i o n l .  I n  t h e s e  c a r e r  O n l y   t h e  d a t a  

r e p o r t e d .   P e p t i d e s  T24  and   126   w i th  a c r c l y z e d  G l n  at t h e   N - t e r m i o u s .  
were d i g e s t e d   w i t h   p y r o g l u t m l t e   a m i n o p e p t i d a s e  and p u r i f i e d  1% 
r e p o r t e d   i n   r e f e r e n c e  3 2 .  T h e   d e b l o c k e d   p e p t i d e s  were f u r t h e r   a n a l y z e d  
I S  i n d i c a t e d   i n   T a b l e  111.   Amino  ac id   CompOsi t iona l   da ta   fo r   the  
f r a g m e n t s   o b t a i n e d   a f t e r   r u b d i g e s t i o n  O f  sone t r y p t i c   p e p t i d e s   w i t h  
Y I ~ I O Y I  p r o t e o l y t i c  enzymes a l e  r e p o r t e d   i n   T a b l e  IY. D e t a i l e d  
a n a l y t i c a l   d a t a   f o r   p e p t i d e s  1 2 .  1 1 1 ,  111  and 7 2 3 .  which * e r e  
sequenced  by  automated E d m a n  d e g l a d a t l o n .  a r e  r e p o r t e d  I n  T a b l e  Y .  

Tryptic p e p t l d e r  . ~ n a l y t i c a l   d a t a  on t h e   t r y p t r c   P e p t i d e s  a r e  

Cyanogen  b rDe ide   pept ides  . A n a l y t i c a l   d a t a  on t h e   c y l n o g e n  

c ~ r n p o l l t i ~ n a l   d a t a   f o r   t h e   f r a g m e n t s   O b t a i n e d   a f t e r   S i i b d l g e s t i o n  O f  
b r o m i d e   p e p t i d e s  a r e  r e p o r t e d   i n   T a b l e s  VI and Yll. Amino  ac>d 

r e p o r t e d   i n   T a b l e s  YIII-Xll. D e t a i l e d   a n a l y t i c a l   d a t a   f o r   p e p t i d e  03. 
solie cyanogen  b romide  pept lde l  with v l l i o u s   p r o t e o l y t i c  enzyme5 are  

d e g r a d a t i o n ,  are r e p o r t e d   i n   T a b l e s  X111  and X I Y .  
0 4 .  06, 07S9 and  07S11.  which w e r e  sequenced  by  automated Edman 

and C Z  c o r r e r p o n d i n g  to r e r i d u e r  1-14.  6-14  and 15-20.  r e r p e c t i v e l y ,  
V e p t l d e  01 1 1 5  s u b d i g e s t e d   w i t h  c h y m o t r y p l l n  and  f ragments  C1. L I a  

were p u r i f i e d  a n d  a n a l y z e d   ( T a b l e s  Y I I  and Y I I L I .  Fvagrwnt  C1 was 
d i g e l t e d   w i t h   c a r b o x y p c p t i d a r e  Y ,  w h i c h   r e l e a s e d   a f t e r  I h T r p  (0.91 
I m o l / n o l   o f   p e p l l d e l .  Leu 10.81 and  Ala  10.6)  and  af ter  3 h T r p  l l .n l .  
L e u  ( 1 . 0 ) .  A l a  (1 .81 and  A lp   (0 .71 .  Fragment CI was f u r t h e r  
r u b d i g e s t e d   w i t h   t h e r m o l y r l n  and  rub f ragnen: r   C lL l   (1 -31 .   C lLZ 

VIIII. Fragment  CIL1 * a s  d i g e s t e d  f o r  3 h w i t h   C a r b o X y p e p t i d a I e  I. 
( 3 - 1 2 1 ,  ClLZa ( 4 - 1 2 1  were p u r l f i e d  and a n a l y z e d   ( T a b l e s  V I1  and 

w h i c h   r e l e a s e d   A l a   ( 1 . 0 1   a n d   T h r   ( 0 . 7 1 ,   T h e s e   r e s u l t s ,   t o g e t h e r   w i t h  
t h o s e   o b t a i n e d  frm t h e   s e l e c t i v e  procedure w t l i n e d  above. a l l o r e d  
r e c o n s t r u c t i o n  O f  t h e  structure o f   t h e   N - t e r m m n a l   r e g i o n  O f  t h e  
p l o t e l " .  

c o r r e s p o n d i n g  t o  r e s i d u e s  21-38.  38-42, 43-45. 46-50,  59-71, 72-80. 
P e p t i d e  02 was s u b d i g e s t e d   w i t h  t r y p s l n  and t h e   f r a g m e n t s  t l - t l l .  

81-90,  99-103.  104-134,  135-136  and  137-138, were p u r i f i e d  and 
a n a l y z e d   ( T a b l e  I X ,  w h e r e   o n l y   t h e   a m i n o   a c i d   C m p o I i t i o n r  O f  t r y p t l c  
p e p t i d e s  n o t  f o u n d   i n   t h e   t r y p t i c   d i g e s t  O f  t h e   w h o l e   p r o t e i n  a r e  
r e p o r t e d l .  A s e c o n d   a l i q u o t  O f  0 2  w a s  r u b d i g e s t e d   w l t h  
p r o t e a s e  and  f ragments  S l - s l l .  c o r r e s p o n d i n g  to r e s i d u e s   2 1 - 3 1 .  3 2 - 3 9 .  

were p u l i f i e d  and a n a l y z e d  (Tab le   1x1 .  The s e q u e n c e   i n f o r m a t i o n  
40-48. 49-56. 5 1 - 6 2 ,  63-74. 75-90. 91-92, 93-104.  105-118  and  119-138, 

o b t a i n e d   f r o m   t h e   v a r i o u s  f ragments O f  8 2  i s  summarized ~n T a b l e   V I 1  
a n d   a l l o w e d   r e c o n s t r u c t i o n   o f  Its c o m p l e t e   s t r u c t u r e .  

P e p t i d e  83 was  sequenced  by a u t m l t e d   F d m m   d e g r a d a t l o n  up to 
r e s i d u e   1 6 1   ( T a b l e  X I I I I .  A n  a l i q u o t  w a s  I U b d i g e l t C d   w i t h   t r y p s i n  and 
two  f ragments c o r r e r p o n d > n g  t o   I es idues   139 -157   and   150 -169  l e l e  
i s o l a t e d  a n d   a n a l y z e d   ( T a b l e  XI. The   sequence   i n fo rma t ion .   repo r ted   i n  
T a b l e  Y I I ,  a l l o w e d   r e c o n s t r u c t i o n   o f   t h e   c o m p l e t e  s t r u c t u r e  O f  p e p t i d e  
1 3 .  

Peptlde 04 " $ 5  sequenced by  automated Edman d e g r a d a t i o n  up t o  
r e s i d u e   2 2 1   ( T a b l e  YIYI. An a l i q u o t  was s u b d i g e s t e d   w i t h   t h e r n o l y r i n  
a n d   f r a g m e n t s   L 1 - L l .  correrpondlng to r e l l d u c s  170-119,  100-191, 
192-196.  197-207,  208-215.  216-223  and 2 2 4 - 2 2 5  were i s o l a t e d  and 
a n a l y z e d   ( T a b l e  X I .  The sequence I n f o r m a t i o n   r e p o r t e d   i n   T a b l e  Y I I  
111a*ed r e c o n s t r u c t i o n   o f  t h e  I t l u C t U r C  O f  p e p t i d e   8 4 .  

P e p t i d e  b5 was  d i r e c t l y   a n a l y z e d   b y   d a n r y l - E d a a n   d e g r a d a t i o n   ( T a b l e  
VIII. 

P e p t i d e  86 was sequenced  by  automated Edman d e p r a d a t i o n   u p  to 
? e l l d u e  256 ( T a b l e  X I I I I .  An a l i q u o t  w L I  S u b d i g e l t e d   w i t h   c h y n o t r y p r l n  
and   f ragmen ts   C l -C5 .   co r respond ing  to r e s i d u e s  2 2 9 - 2 3 4 ,  235-244. 
245-255,  256-258  and  259-265 were i s o l a t e d   a n d   a n a l y z e d   [ T a b l e  XI). A 

f r a g m e n t s  51  and S 2 ,  c o r r e r p o n d f n g  t o   r e s i d u e s  2 2 9 - 2 4 5  and 246-265, 
Second a l i q u o t  w a s  d i g e s t e d   w i t h  5 .  ~ U I ~ U I  p r a t e a r e  and two 

were i l o l a t e d  a n d   a n a l y z e d   ( T a b l e  XlI. The s e q u e n c e   i n f a r m a t l o n  
r e p o r t e d   i n   T a b l e  V I 1  a l l o w e d   r e C 0 n S t r u c t i o n  O f  t h d c o n p l e t e  structure 
o f   p e p t i d e   0 6 .  

51 -516 .   Cor respond ing  to r e I i d u e s  266-282, 283-288. 289-322. 3 1 3 - 3 2 2 .  
P e p t i d e  07 was r u b d i g e s t e d   w i t h  5 .  aureuI  pro tease   and   f ragmen ts  

323-325, 326-343. 344-359. 360-373,  374-317.  370-403.  404-414. 
415-429.  430-446.  447-449, 450-455. 456-467.  468-471.  470-483 were 
i s o l a t e d  a n d   a n a l y z e d   ( T a b l e s  X I 1  and XIIII. A s e c o n d   a l i q u o t  was 
r u b d f g e r t e d   w f t h   C h y m o t l y p l i n .   I n   T a b l e  X I 1  a r e  r c p o l t e d   t h e  
a n a l y t i c a l   d a t a   o n l y   o f   t h e s e   f r a g m e n t s ,   ~ o r r e s p o n d l n g   t o   r e s i d u e s  
274-205. 286-290.  305-315. 318-326. 338-346. 364-376.  371-384. 
403-407. 4 0 9 - 4 1 1 .  4 2 4 - 4 3 0 .  445-441. 448-450. 465-411  and  472-483. 
w h i c h  *ere u s e f u l   f o r   r e c o n s t r u c t i n g   t h e   s e q u e n c e   o f   p e p t l d e   8 7 .  The 
Sequence i n f o m a t l o n   o b t a t n e d   f r o m   t h e   v a r i o u s   s u b f r a g m e n t s  O f  87 I S  

sequence. 
r u n m a r i l e d   i n   T a b l e  VI1 a n d   a l l o w e d   l e c o n l t r u c t i o n   o f  1 t 5  complete 

S t r u c t u r e  p r e d i c t i o n s  . P r e d i c t i o n  O f  t he   secondary  structuve 
and t h e   h y d r o p a t h i c   p r o f i l e s   f o r  and r a b b i t   l i v e r   s e r i n e  
hydfoiynethyltransferare a r e  shown ~n F i g .  6 and  7. r e s p e c t i v e l y .  The 
t l 0  5cquenceS *ere a l i g n e d   l C C O r d l n g  to F I O .  2. The predicted 
secondary   s t ruc tu re   homo logy   be tween   the  t w o  p r o t e i n s   i s  4 9 . 1 % .  w h i c h  
I S  h l g h e l   t h a n   t h e i r  Sequence  homology ( 0 2 . 0 1 1 .  The p r e d i c t e d  content 

40.0% f o r   t h e  enzyme  and  46.2 - 34.5 f o r   t h e  mammalIan 
i n   a l p h a - h e l i x  and  ex tended  Conformat ion  7 1 .  r e s p e c t i v e l y ,  4 8 . 2 1  - 

e"2YW. 



5504 Cytosolic Serine Hydroxymethyltramferase 
TABLE I 1  

Amino A c i d   C n p o r i t i o n r  O f  Trypt ic  Pept ides 

The c a n p s i t i o n  frm sequence ana lys is  of each p e p t i d e   i s  indicated by the  numbers i n  parentheses 

Residue nor. 1-9 10-38 39-42 43-44 45-58 59-71 72-80  81-98  99-136 137-146 158-172 173-190 
Peptide 1 1  T Z  1 3  T I  1 5  1 6  1 7  1 8  T 9  T I 0  1 1 1   1 1 2  

0.811 1 
1.1111 3.7141 1.011 1 

0.7111 
0.9111 

0.911) 

1.512) 
1.812) 

1.011 1 

0.811) 
1.7121 

0.911) 
1.912) 

0.9(11 

0.9111 
1.9121 4.5151 

0.9111 0.9111 
2.5131 
1.0111 

2.4131 
4.014) 
0.9111 

0.811 1 
1.0111 

0.911) 
1.812) 
0.811) 

0.8111 

1.0111 

2.0(21 
0.9111 
1.2111 
1.0111 

1.0111 

2.7131 
1.0111 4.0141 

1.1111 

2.012) 

0.811) 
1.8121 

0.911) 0.9111 

0.911 1 
2.0121 
1.7121 

1.011 1 
1.1111 
1.5121 

3.0131 
2.3131 
1.1111 
0.5111 

0.6111 
+Ill 

2.0121 

1.111) 

0.911) 
1.8121 

0.9111 
2.7131 

0.911) 
1.011 1 
1.111) 

0.9111 2.0121 
0.9111 0.911 1 1.011 1 1.812) 

+ I11  

P " r i f i c l t i 0 "  

y i e l d s  12.3  6.1  32.8 11.4 12.4 23.8 6.7 21.6 6.0 34.0 25.8 12.4 
Tota l  

Net Charge NO NO 0 tl -1 -1 NO NO NO  NO  NO NO 

Peptide T 13 T 14 T 15 T 16 T 16a T 17 T 18 T 19 T 20 T 21 T 22 T 23 
Residue nor. 191-195  196-206  207-212 213-215 213-214 216-259 260-262 263-269 271-273  274-278 279-281 282-316 

rtepr G.H  G.1.H  G.1.E  G.1.C 6.1 G.1  G.1.C.H  G.1 G,l.H 6.1 G,I G.1.C 

0.411 1 

1.0111 
1.7121 

1 
0.811) 0.4111 

4.2151 
2.8131 

2.0121 

1.011 1 

1.011 I 
1.0111 

3.013) 

3.1131 
1.9121 

1.0(1) 3.9141 
2.012~ 

4.7151 
2.9131 

2.5131 

2.112) 

3.0131 1.0111 1.0111  0.911) 
1.4121  0.7111 

4.9151 0.7111 
3.2(61 
1.8121 0.911) 

1.0111 0.9111 

1 . 1 1 1 ~  1.0111 
1.0111 

1.6121 
0.811)  0.9111 
0.7111 1.0111 

1.6121 
1.0111 1.0111 2.9131 

0.7111 

0.911) 1.0111 
1.0111 
3.4141 

1.0111 

0.911) 1.111) 
1.0111 1.0111 0.711) 1.1111 1.1111 1.1111 

1.0111 

4.5151 
1.011) 
1.0111 
1.812) 

0.9111 1.0111 

Tyr 
Phe 1 . 0 1 1 ~  
H i s  0.911) 
L y l  1.011) 

1.111) 0.9111 AT9 
TrP 

P u r i f i c a t i o n ,  
steps G.1.C 

y i e l d  X 37.8 
Total 

Net Charge NO 

G.1.E  G.1.E.H G,H G G.1.H G.I,E 6.1 G,I,C G.1.H 

0.1 48.9 1.9 4.0 31.1 5.2 12.2 
NO NO NO 0 NO NO NO 

G.1.C G.1.H 

8.9 12.5 
NO IVI 

4.3 38.9 
0 0  

residues nos. 317-324  325-328 329-335 336-347  348-363 364-371 372-374 375-385 386-392 393-401 402-410 411-415 
Peptide T 24 T 25 1 26 T 27 T 28 1 29 T 30 1 31 T 32 T 33 T 34 T 35 

0.9111 
1.0111 3.0131 1.0111 

1.0111 1.0111 0.9111 
1.011 1 

1.0111 1.0111 

1.3121 
1.011 1 

0.811) 
1.0111 

1.0111 
2.012) 

0.9111 

2.1121 
1.0111 

1.0111 

0.9111 

1.0111 

0.9111 
1.6121 

1.7121 

1.0111 

0.911) 

1.011 1 

1.0111 
1.0111 
1.0111 

2.012I 
0.9111 
1.111) 

1.0111 
0.911 I 
1.0111 0.9111 2.813) 

1.4121 0.811) 1.6121 

0.911) 2.0121 2.8131 
1 .0111 2.0121 

0.9111 

1.6121 
2.8131 2.7131 
0.811 1 

1.0111 
1.1111 2.112) 1.912) 1.812) 

1.0111 
0.9111 1.111) 0.9111 0.911) 1.111) 

0.811) 1.0111 0.711) 2.0121 0.911) 
1.111) 

6.H G.1.H G.H 6.1 6.1 6.1 6.1 6.I.C 6.1 6.I.C 

8.2 1.3 10.0 18.0 25.3 32.1 60.3 20.3 50.0 15.6 
w m m t i  o -2 -1 a + I  0 

Tota l  

net Ch.rge 0 0 
y i e l d  I 17.8 13.6 

427-441 
T 38 

442-445 
T 39 1 

446 -448 
40 

449-450 
T 41 

451-456 
1 42 

457-459 
T 43 

460-462 
T 44 

463-483 
T 45 

466-483 
T 456 

residues nos. 416-419 420-426 
Peptide T 36 T 37 

clncyr 
Asp 1.0111 1.7121  1.011 I 
Thr  1.5121  0.9(11 
S W  
Glu 0.811) 
PTO 

Gly 
A1 I 1.0111 1 .Ol l i  0.9111 
Val 

0.9111 0.8111 
3.0131 2.8131 
2.7131 2.7131 

1.0111 2.8131 1.011) 1.9121 
0.7111 

2.8131 
0.7111 

1.0111 1.0111 1.0111 1.0111 

2.0(21 1.0111 2.012) 2.012) 

0.911)  0.8(11 0.9111 0.9111 
Met 

Le" 
11e 0.7(11 1.4121 

0.911) 1.1111 0.711) 3.6141 1.0111 2.6131 
Tyr 

H i  I 
Phe 0.811) 0.8(11 

1.5(21 

Ar9 
LYP 1.0(1) 

1.0111 0.8111 
T v  

1.0111 2.6131 2.7131 
0.711) 

1.0111 0.9111 0.9111 0.9111 
1.0111  1.0111 0.9111 1.0111 

P u r i f i c a t i o n  

Total 
y i e l d %  90.6 28.9 5.7 43.3 15.9 50.0 4.4  13.3  14.8 55.0 27.3 6.7 
Net Charge 0 NO NO NO 0 0 -1 t2 NO NO NO NO 

steps  G,I G,I G.H G,l,C G.1  G.1.C  G.1.E  6.1  G.1.C  G.1  G,H  G,H 

Pwrence of tryptophan was i nd ica ted  by Lh r l i ch   reac t i on  andlor by  absorbance a t  280 na. The pu r i f i ca t i on   s teps  required 
f o r   pep t ide   pu r i f i ca t i on  are i nd ica ted  as f o l l a r r :  G = g e l   f i l t r a t i o n ;  I = ion-exchange  chromatography On C h r m b e a d  P 
resin: E = e l e c t m p h o r e s i l   a t  pH 6.5; H = reverse-phase  hplc. The net  charge was determined  af ter   e lectrophoresis It pH 
6 .5  accovding t o   O f f o r d  1331. 



Cytosolic Serine Hydroxymethyltransferase 
TABLE 111 

Sumary O f  Sequence Stud ler  on TryDt ic  Pept ides 

5505 

1 1  11-91 I&-A T A Y N G  A P PI 

T Z  110-381 D A A L W S S H E Q M L A Q P L K D S O A E V Y D L I K K  

T 3 (39-421 E 5 N R 

1 4 (43-441 Q R 

T 5  (45-581 V G L E L I A S E N F A S R  

r s 1 - . - s 2 - . - s 3 -  

-_l“l_”“”””“”””~”- 

”” 

” 

””””””“ 

1 6  159-711 A V L Z A L G S C L B B K  

1 7 (72-801 Y 5 E G Y P G 1 R 

T 8  (81-981 Y Y G G T E H I D E L E T L C Q K R  - s 1 -6 2” s 3 4 

””“”””- 

””””_ 

””” ””” 

””””” “”” 

T 9  199-1361 A L Q A Y G L D P Q C W G Y N Y Q P Y i S G S P A B F A V Y  
“”””7””””” 

T A L V L P H G R I  

T l D i 1 3 7 - 1 5 6 1  I M G L O L P D G G H L T H G F M T O K  

i I” L 2 -- L 3 4- L 4 - ?”?”””””” 

T 1 1 i 1 5 8 - 1 7 2 1  K I S A T S I F F E S M A Y K  

””””””””_ 

T 1 2 i 1 1 3 - 1 9 0 1  V N P D T G Y I O Y D R L E E N A R  

- c 1 - - c 2 -  

- c 3 -  

”“””””“” 

”””””_ 

”””” 

T 13 1191-1951 L  F  H  P  K 

T 14  (196-2061 L I I A G 1 5  C Y S R 

”””””- 

””_ 

T 15  (207-2121 N L 0 Y G R 

T 16 (213-2151 L R K 

”””””_ 

””” 

T 16al213-2141 L R 

~ 1 7 1 2 1 5 . 2 5 9 1  K ~ A D E N G A Y L H A O H A H I S G L V V A G V Y P S P  

-“ 

” 

””“““”““““_-ll”””” 

F E H C H V I V T T T T H K T L R I  

T 18 (260-2621 G C R 

1 19 (263-2691 A G M I F Y R 

1 20 (211-2731 G V R 

T 21 1274-2781 5 V 0 P  K 

””” 

”- 

”””_ 

”- 

””.. 
1 22 (279-2011 T G  K 

~ 2 3 1 2 8 2 . 3 1 6 1  E I L Y N L E S L I N S A V F P G L Q G G I ~ ~ B ~ A I A G  

-” 

”“““””””““” 
Y A V A L K I  

1 24 1317-3241 Q A M  T P E  F  K 

T 25 (325-3281 E I Q R 

T 26 (329-3351 Q V Y A N C R 

T 27 (336.3471 A L S A A L V E L G 1 K 

1 28 (348-363) I V 1 G  G S D N H L I L V D L R 

T 29 (364-3711 5 K  G T O  G  G R 

1 30 1372-3741 A E K 

T 31 (375-385) Y L 2 A C S I A C 8 X 

”””” 

”” 

”””_ 

”””””” 

”””””””” 

”””” 

-7- 

”””””_ 

1 32 (306-3921 B T C P  G B K 

T 33 (393-401) 5 R L R P S G L R 

”””.. 

””””_ 

T 34 (402-4101 L G T P  A  L T 5 R 

T 35 (411-415)  G L L  E X 

T 36 (416-4191 0 F Q K 

1 37 (420-9261 Y A H  F 1 H R 

138 1427-4411  G I E L 1 V Q I Q 0 0 1 G  P R 

T 39 (442-4451  A T L K 

1 40 1446-448) E F  K 

T 41 (449-4501 E K 

1 42 1451-4561 L A  G D E K 

1 43 1451-459) H Q R 

T 44 1460-4621  A V R 

T 4 5 1 4 6 3 - 4 8 3 )  A L R Q E V E S F A A I L F P L P G L P G F I  

T 45d463-4651  A  L R 

T45bi466-4831 Q E V E S F A A L F i P  L P G L P G F1 

”””“_ 

””- 

”” 

”””_ 

” ” 7 7 ” ” ” ” -  

”” 

”_ 

- 7  

””” 

” - 
” 7  

”””””- 

”- 

””””” 
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cyc le  
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

25 
24 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

TABLE IV 

Amino A d d  Cnparltion Of Fragwwntr  Obtained af ter   Subdigel t ion O f  T ryp t ic   Pept ides  

The Compsi t ion f rom sequence a n a l y r i r  Of each pept lde  i s  Ind icated by t h e  nuohrr i n  parentheses 

Residue "05 .  45-48 49-53  54-58 81-90 91-92 93-98 137-139 140-147 148-151  152-156 173-182 
Peptide T5 51 15 52 15 53 78 51 18 52 78 53 T10 L I  TI0 L2 TI0 L3  110 t 4  112 c1 

C d Y l  
Rsv l .O(l1  1.0(11 

0.8(11 

Thr o m 1  I 0.9(11 
S C I  0.9(11 0.8(11 
Glu 1.0(11  1.0111  1.9(21  1.0(11 1.0111 
PI0 
Gly 1.1(11 

0.8111 

A1 a 1.0111 1.1111 
l .O( l1  2.0(21  1.0(11 I.O(l1 

Met 
Val  0.9111 0.9111 

I le   0 .8 (11   0 .8 (11  
Le" 1.0(11  0.9(11 

0.8(11 

T Y ~  1.912) 1.7121 

2.0t2)  1.0111 2.9131 
0.9(11  0.9(11 0.8(11 

0.9(11 
2.1(21 

0.9(11 0.9111 
0.9(11 

0.9111 1.0111 1.9(21 1.0111 

Phc 
H I 1  
LY 5 

0.9(11  0.9(11 
0.8111  0.8(11  0.9111 

0.911) 1.0(11 
0 . 9 0 1  1.011) 

"terminal 
res idue  VI1 Leu ASX Tyr  Leu  Thr I l e  Leu Leu Phe Val 

TABLE V 

Automated Edman Oegradatian O f  Tryptic  Peptides 

1 2 3  11.5 n m l l  

l p n o l l  

1443 
1263 
1327 
971 
798 
732 
894 
346 
551 
729 
867 

425 
787 

550 
447 
410 
369 
189 
215 
177 
119 
132 

111 
141 

19 
62 
67 
29 
33 

PTH-aa Y ie ld  
(hmll 

Lys 446 
Ile  300 
Ser 293 
Ala 418 
Thr 390 
Ser 156 
L le  185 
Phe 178 
Phe 205 
Glu 145 
ser 110 
Met 158 
Ala 130 
Tyr 70 
Lys 113 

PTH-aa Yie ld  
( p n a l l  

Lyr 696 
I l e  700 
A la  515 
A lp  410 
Glu 440 
Arn 228 
Gly 253 
Ala 230 
lyyr 156 
Leu 175 
k t  105 
A la  103 
Asp 105 
Met 62 
A I *  52 
HIS th?' 
I l e  33 

Gly 50 
Ser 26 

Leu 30 
Val 13 
Val 25 
Ala 32 
Gly 34 
Val 9 
Val I 5  
Pro 11 
Ser 16 
Pro 13 
Phe 12 
Glu 10 
H is  ng' 

cmcyr 4 
His  Ma 
v.1 12 

PTH-aa Y i e l d  
mal 1 

Glu 618 

Leu 562 
l l e  564 

A m  420 

Glu 342 
Leu 316 

Ser 155 
Leu 305 
Ile  227 
A m  199 

A la  86 
Ser 53 

Val 39 
Phe  47 
Pro  46 
Gly 53 
Le" 39 
Gln 62 
Gly 56 
Gly 13 

T~~ 485 

112 c2 
183-190 

2.0121 

2.0(21 

1 . 0 1 1 ~  

1.0111 

1.8(21 

ASK 

112 c3 
180-190 

3.0131 

1.9(21 

1.0111 

0.9111 
0.8(11 

0.811) 

1.8121 

I l e  

TABLE V I  

I\mina Acid  Compsi t lon o f  CN0r Peptides 

:he Composition frm sequence ana lys is  Of each peptide i s  Indicated by the  
nuder% i n  parentheses 

residues nos. 1-20  21-138  139-169  110-225 226-228 229-265 286-483 
Peptide 8 1  0 2  0 3  0 4  0 5  8 6   0 7  

2.0(21 
1.0(11 
1.1121 
2.1121 
1.1111 

5.0(51 
1.0(11 

1.0111 

0.9(11 
+ I l l  
1111 

10.91111 
3.0131 

8.1(81 
3.1(31 

1 7 . 2 i l l )  
5.6161 

10.3(101 

4.2151 
6.5(71 

11.3(121 
6.2181 

1.8(21 
1.7(21 

5 . 4 ( 5 1  
6.2161 

f(11 
+ ( l l  

11.01111 

3.0131 
2.9131 
2 . 5 ( 3 1  
l . l I 1 1  
1.1111 
3.8(41 
1.011 1 

2.0(21 
3.0(31 

+ I l l  

1.1111 

2.7(31 
1.0111 

5.1151 

2.0(21 

4.3151 
1 .8121 
1.111) 

3.8141 
1.8121 

3.0(31 
4 .3 (61  
0.94 I ) 
1.8(21 

1.0111 
3.7(41 

2.0121 
l . O ( l 1  

15.8(161 
4.1141 

10.5(111 
9.7(101 

22.81231 
10.1(111 
21.01211 
21.81221 
14.7(151 
9.2(101 

25.01251 

8.6191 
3.9141 

3.3(61 
15.2(151 
14.8115) 

+ I l l  

yieldl:  17.2 42.6 19.8 31.1 29.6 39.1 29.3 
P u r i f i c a t i o n  
steps 6.H G G.H  G.H  G.H  G.H G 

Presence Of tryptophan was indicated by Ehr l i ch   reac t i on  andlor by absorbance at  280 nm. 
The p u r i f i c a t i o n   s t e p s   r e q u i r e d   f o r   p e p t i d e  purification are Ind ica ted  IS f o l l m s :  G = 
g e l   f l l t r a t l o n ;  H = rererSe-phalc  hplc.  

R rpc t l t l ve   97  91 82 93 
y l e l d  I (Leu 8-Leu 121 Ilk 2 - I l e  71 11Ic 2 - [ l e   I 7 1  l l l e   2 - l l e  101 

P o s i t i o n  10-38 158-172 215-259 282-316 



Cytosolic Serine Hydroxymethyltransferase 5507 
TABLE VI1 

Sunnary of Sequence Studies on CNBr Pept lde l  

TABLE VI I I 

Amino Acid  Campori t lon of F r a w n t l  Obtained  af ter   Subdigest lm Of 8 1 

The c-osit ion  from sequence ana lys is  O f  each pept ide  il Ind ica ted  by 
the  numberr i n  parentheses 

11-201 

121-1381 

B 3 1139-1691 

B 4 1110-2251 

B 1 12664831 

~ ~ . A T A ~ N G ~ P R O A A L ~ S S H E ~ N  
"L"  

P C l " c 2 -  
-cia"----- 

" 
"""_" 

r c1 L l + t  t l  t z a  -bClL3. - c1 LZ - ""_ 
"" 

L A ~ P L K O S O A E V I O I I K K E S M R Q R V G L E L I  
t i  I t  3 7 7  """__""_ - t 2 " " " - - -  

C-S1"S2"S3" 

""_ """""""""_ 
A S E N F A S R A V L E A L G S C L N N K I S E G Y P G Q R  
td"tS"t6- 

-Sa-+"SS--S6-- 

~"""""""_""""""" 
""""""""""""""" 

I Y G G T E H I O E L E T L C Q K R A L Q A Y G L O P Q C H  
I- t 8" 

- s 7 -6s B.- 8 9 " 

t 7  
""""""" """""""- 
"""""""""""""~"- 
G V N V Q P I S G S P A M F A V Y l A L V E P H G R I M  

UtlC+tll< t 9  
"""-7" 

s 10 I C  

"" 

5 11 
""""7"""""""""- 

G L O L P O G G H L T H G F ~ T O K K K I S A l S I F F E S R  

1 1  c-tz-  

""""1""~""""~ 

"""""" 

A ~ K V N P O T G I I D Y O R L E E N A R L F H P K L I I A  

c-Ll"L2"L3" 

"""""""""""""~"" 

"""""""""""~""-" 
G T S C I S R N L O I G R L R K I A O E N G A Y L M  

- L 4 " - 3 t 5 - - L 6 - * L F  

"""""" """"_ 
""""""""""""" 

A O H  "-. 
__""""""""""""" * 
A H l S G L V V A G V V P S P F E H C H V V T T T T H K T L  

- C l - - C 2 " C 3 " c h  

-51-8 5 2 -  

R G C R A G M  

~ " " " " ~ 7 " " " " " ~ ~  "-7 

" - ~ " 7 _ 7 " " " " " " ~ " " " - ~  

c" 8 1"s 2- 
l F Y R R G Y R S V O P K l G K E l L Y N L E S L l N S A V F P  

""""""""""_l__________ - t 1 "C 2 -  
"_""-7"""" 

G L Q G G P H M H A I A G V A V A L K q A N T P E F K E Y Q R Q  
- s  3 I r s  4" 

-8  3 a - - - - - - - -  """""" 

- c 3 -  C C 4 L  

""" "_ """""_ """"_ 
V V A N C R A L S A A L ~ E L G Y K I ~ ~ G G ~ ~ ~ ~ ~ I ~ ~ ~  

8 5  t a S 6 " -  
"""""""""""""""" 

c c 5- """"_ 
L R S K G T O G G R A E K V L ~ A C S I A C N K N T C P G O K S  
-s 1"s 8-< s 9 -  
"""""""""""""""" 

-C 6°C 1- 
""""" """" - 

A L R P S G L P L G T P A L l S R G L L E K O F Q K V A H F I H  
(-8 10"s 11- 

- c a -  - c 9 -  c 

""""1"""""""""""- 

""- """"_ " 

R G l E L ~ V ~ I ~ O D T G P R A T L K E f K ~ K L A G O ~ K H  
"S 12-6s b - S  1 3 4 -  
T"""""""""""""""" 

c 10 4 r C  111- c 12- -"" ""-"""" 
P R ~ V R A L R ~ ~ V E S F A A L F P L ~ G L P G F  - 8 1 4 ~ 4  15 + 
""""""" 

c" s 16- 

4 +" C 13 +- t 14 - """""" 

"""-"""""" 

c 1 c l a  C 2 C1 L1 C1 LZ C1 LZa Cl 13 
1-14 6-14 15-20 1-3 3-12 4-12 13-14 

1.9121 
0.9111 

0.9111 
1.0111 
5 . 1 1 5 1  
1.0111 

1.0111 

1.111) 
+ I l l  

1.Ol l l  

0.1111 
0.8111 
3.0131 

0.9111 

0.6111 
* Ill 

Gly 

1.8121 
2.0121 

0.8111 

1 Ill 

S W  

1.0l11 

2.0121 

2.0121 

0.8111 
1.2111 
3.1141 
1.0111 

0.8111 

A la  

2.1121 

1.1111 
1.111) 
3.0131 
1.0111 

1.0111 

v11 

1.0111 

+ Ill 

Le" 

Presence Of tryptophan "3s Indicated by  absorbance a t  280 m 

TABLE I K  

Amino Acid  Compori t lon O f  Fragnrntr   Obtained  af ter   Subdigest ion Of 8 2 

The C m p o l i t i o n  from sequence an l ly611 of each peptide i s   i n d i c a t e d  by the  numbers I n  pdlenthelel 

residue nos. 21-38 38-42  99-103  104-134  135-136  137-138  21-31  32-39 40-48 
Peptide t 1  t 2  t B   t 9   t 1 0   1 1 1   5 1  8 2  8 3  

CdYS 
&IO 3.0131 0.8111 2.9131 2.0121 1.0111 l . O ( l I  

0.9111 

l h r  
S W  
Glu 

l . l ( l 1  0.711) 
2.0(21 1.0111 

P l O  1.1111 
GlY 
A1 a 
VI1 

2.0121 
0.9111 

I l e  
Le" 

1.3121 
2.1121 

Tyr 0.8111 
Phe 
Hi6 
LYS 3.1131 0.9111 

T v  
1.0111 

Hre IHr l  

N-terminal 
res idue Leu L y l  

res idue nor. 49-56 81-62 
Peptlde 8 4 8 5 

LDCYS 
AI0 1.011) 

0.9111 
1.1121 

1.1111 3.013) 
3.8141 

2.0121 2.9(31 
3.0131 

3.614) 

1.0(11 2.012I 
1.0111 1.8121 

0.911) 
0.9(11 

+ I l l  

AI. Gly 

8 6  8 1  
63-14 75-90 

0.8111 
2.0121 1.0111 

0.9111 0.911 1 
2.1121  1.111) 2.2121 
1.0111 

1.9121 
1.0111 

0.9111 0.9111 
1.0111  1.6121 

2.0(21 I . O ( l )  

1.0111 

0.9111 

0.911) 
1.0111  1.912) 

1,8121 

+ I l l  

G l y   I l e  Leu Val Ser 

8 8  8 9  8 1 0   S l l  
91-92  93-104 105-118  119-138 

0.9111 I.0111 
2.0121 1.1111 

Thr 0.8111 0.811 1 
S W  

0.8111 
1.0111  0.9111 1.7121 

Glu 
0.9111 0.9111 

1.1111  1.1111  1.0111 2.9131 1.0111 2.0(21 2.1121 1.1111 

Gly  
PTO 

1.1111 3.9(4)  
Ala  
"a1 

1.9121 1.0111 1.0111 2.0121 

1.0(11 1.9121 1.6121 
1.1111 1.0111 1.812) 

1 n111  1 9171 1.1171 
3.0131 

.., . . . , . . . . . 
Ile  1.0111  0.111)  0.9111 
Le" 1.111) 1.0111 1.712) 0.1111 1.8121 0.9111 1.0111 
Tyr 0.8111 2.513) 1 . O l l l  1.011l  0.8111 
Phe 1.1111 I . O ( l l  

0.9111 
0.9111 0.81 I I 

1.0111 
1.011 I 0.9111 0 .9(1 l  0.711l 

+111 
+111 

N-terminal 
residue Leu Ser Ala  Gly Leu Thr Leu Gly 

Plerence of   t ryp tophan w a s  Ind ica ted  by absorbance a t  280 nm. 

TABLE X 

m i n o  k i d  Composition 6 f  Fragments  Obtained after Subdlgert ian of 8 3 and 8 4 

The cOmpOrltlOn from sequence m d l y s l l  Of each peptide i s   i n d i c a t e d  by the  numbers in parentheses 

8 3  8 4  

residue nor. 139-151 158-119 170-119 180-191 192-196 191-201 208-215 216-223 224-225 
Peptldc t 1  t 2  L 1  L 2  L 3  L 4  L S  L 6  L l  

2.8131 2.0(21 2.9131 
1.812) 0.911)  1.011) 

0.911 1 
1.0111 1.0111 2.0121 
0.91 1 I 

1.812) 0.9111 
2.1131 

0.8111 1.8121 1.011 I 
1 I f ? )  1 " , , I  

1.4121 
1.912) 1.1111 1.9121 0.9111 

0.911) 

1.0111 0.9111 1.0111 1.7121 0.9111 

1.7121 1.0111 1.011)  1.011 I 
Z.OI21 1.0111 1.6121 

1.011) 

+(I) + I l l  

1.Olll 

t(11 



5508 Cytosolic Serine Hydroxymethyltransferase 

TABLE XI 

h l n o  Acid  Composition O f  Fragmntr   Obta ined  a f ter   Subdlger t ioo  o f  0 6 

The Composition frm sequence ana lys is  O f  each peptide i s   I n d i c a t e d  by the 
numberr i n  parentheses 

res idue nos. 229-234 235-244 245-255 256-258 259-265 229-245 246-265 
Peptide C 1  C Z  C 3  C 4  C 5  S I  5 2  

CITCYS 0.9111 
Thr 3.7141 0.9111 
S W  
Glu 

0.9111 0.911) 

1 . 0 1 1 ~  1.912) 
4.8151 

1.1111 
1.912) 

Le" 1.0111 1.0111 1.011l  1.0(11 
Phe 
H I 5  0.911) 
LYS 

3.0131 0.9111 2.9131 

Arg 1.9121 
0.7111 
1.9121 

+ 111 t(11 

... . 
0.9(11 0.9111 

0.9111 

HrelHrl 

N-termna l  
residue  Ala Val  Glx  Lys  Arg A la   H is  

TA0LE XI1 

mino  Ac id  Composi t ion of Fragments  Obtained af ter   Subdigest ion Of 0 7 

The composition from sequence a n a l y n r  Of each peptide >I i nd ica ted  by the numberr i n  parentheses 

Peptide 5 1  5 2  5 3   S 3 a  5 4  5 5  5 6  5 7  5 8  S 9  5 1 0  
r e r i d u e  nor. 266-282 283-288 289-322 313-322 323-325 326-343 344-359 360-373 374-377 378-403 404-414 

447-449 
cmiys 
ASP 

0.9111  2.7131 

Thr 
1.0111  1.011) 2.112) 
0.7111 

1.1111 2.012) 2.0lZI 
0.9111 1.0(11 0.9111 1.0111 

1.1131 

S W  1.1111 
1.0(11  1.6(21 

1.7121 
Glu 1,111)  1.1111 2.8131 1.812) 1.0111 2.613) 

0.9111 0.9111 0.9111 2.5131 0.811) 

Pro 
1.1111 

1 . O l l I  
Gly 

2.4131 0.6(11 
2.0121 

1.612) 0.8111 
3.8111 3.0(31  3.0131 

Ala  
3.0131 1.011) 

6.0161 2.0121 4.0141 1.211) 3.1131 1.0111 
V I 1  
I l e  

1.6121 2.4131 0.7111 2.2131 0.6111 1.0111  1.011) 

Le" 
0.711) 0.9111 1.6121 1.6121 0.911) 

H i s  
Phe 0.711) 0.8111 0.8111 

1.111)  1.0111 

1.7121 2.6131  0.8111 
TYr 0.7111 0.8111 

1.5(21  2.8131 0.9111 0.911) 2.5131 2 . 9 0 1  
1.011) 0.9111 

0.911) 
0.9111 1.011)  0.9(11  1.7121 

1.5121 
LY I 1.9121 0.9111 1 . 1 1 1 ~  0.8111 
Arg 2.5(31 1.9121 1.8121  1.7(21 0.911) 
Hre/Hrl + ( I )  +Ill 

N-terminal 
residue I l e  I l e  Ser Val Phe Tyr Leu Val L y l  A11 Thr 

415-429 
s 11 

450-455 
S I3 

468-471 
5 15 

070-483 
5 16 c 

274 
1 

-285 286-290 
c 2  

305-315 
c 3  

318-326 
c 4  

CnhYS 
AID 1.0111  1.9121  1.011)  1.0(11 0.9111 1.0111 

2.6131 

2.813) 1 . 0 1 1 ~  
0.9(11 

2.5131 
2.012) 

2.0121 2.212) 
1.0111 0.9111 

1.0(11 0.7111 
1.011 1 
1 . 0 1 1 ~  
1.1111 

O.PI11 
1.0111 

0.911) 

0.9111 
2.012I 

1.1111 

2.012) 2.7(31 
0.7111 
1.011) 
1.011) 
O.B(l1 
0.8111 

1.1111 

1.0111 
1 . 1 1 1 ~  

0.9(11 
1.2(11 
1.0111 
1.7121 

1 . 1 1 1 ~  
4.0141 
1.8121 0.9(11 

0.9111 1.0111 
3.0131 1.1111 2.0121 1.0111 

0.811) 2.9131 
0.811) 0 . 8 l l l  

0.811 1 

0.9(11 

+111 

1.6121 
0.9111 

Hre/Hrl 

"terminal 
r e s i d u e   L y l  Leu Lyr Lyr 

Peptide C 5 C 6 C 7 C 8 
res idue nor. 338-346 364-376 377-384 403-407 409-417 

c 9  
424-430 

c 10 
445-447 

c 11 
448-458 

c 12 
465-471 

C 13 
472-483 

C 14 

1.0111 1.ot11 

0.8(11 0.8111 
1.0111 1.0111  1.011) 2.8131 3.0131 

Ser 0.811)  0.8(11  1.111) 
Glu 1.0111 1.0111 1.0111 

1 . O l l I  
1.8121 
0.8111 

0.9111 
1 .Ol l I  
1.011 1 

1.0111 1.0(11 1.011) 
0.911) 

0.9111 

0.9111 
0.8111  0.8(11 

1.0111 2.7131 
0.9111 

3.0131 
2.0121 
1.8121 2.0121 

0.711) 
0.9111 

2.0131 

1.8121 

1.7121 
0.0111 

0.7111 1.011 1 1.7121 

0.8(11 0.911l 

1.1111 
1.7(21 
0.9111 

0.9111 
1.0111 
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Cycle 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
ZB 

TABLE X I 1 1  

Automated Edlnan Degradation of Cyanogen BlOnlde Peptlder 

8 3 ( 1 . 3   n m l )  0 6  (1.5 n m l l  87 59 (1.5 n w l l  07 511 ( 1 . 2   n l n l l  

PTH-III y i e l d  P T H - I ~  ' f ield Pw-aa   Y ie ld  PTH-aa Y i e l d  
IWlI IWl I IWl I I p n o l l  

~ l y  454 Ala 611 Ala 493 Lyr  343 
teu 508 H is  213 cDtys 210 Asp 188 
Asp 439 I l e  504 Ser 285  Phe 303 
Leu 521 Ser 273 i l e  195 Gln 218 
Pro 449 Gly 330 Ala 345 Lyr  203 
Asp 378 Leu 232 C d y I  170 Val 183 
Gly 301 Val 256 Arn 238 Ala 268 
Gly 407 Val 376 Lyr  158 His 88 
His 58 Ala 325 A m  178 Phe 200 
Leu 266 Gly 245 Thr 193 I l e  143 
Thr 40 Val 253 c K y r  90 H is  63 
n i s  43 Val 359 Pro 103 Ar9 95 
Gly 113 Pro 121 Gly 113 Gly 155 
Phe 69 Ser 69 Asp 03 l l e  122 
Hre 23 PIO 99 Lyr 88 Glu 40 
Thr 26 Phe 64 Ser 25 
Asp 45 Glu 49 A la  98 
Lys 41 His W' Leu 65 
L y l  61 cnCyr 12 A q  43 
Lyr 71 H is  25 Pro 55 
l l e  31 Val 43 Ser 35 
Ser 24 Val 81 Gly 45 
A l a  18 Thr 6 Leu 50 

Thr 11 leu 43 
Thr 8 Arg 19 

Thr 13 Gly  20 

LYS Wa 
x a  

Repetitire 89 92 91 
y i e l d  I ILw 4-1s" 101 1A:a 1 4 1 1  91 (A la   1 -A la  51 IPhe 3-Phe 91 

93 

Position 139-169 229-265 318-403 415-429 

5:  not i d e n t i f i e d ;  lg: observed b u t  not quantitated. 

TABLE X I V  

Autmated Edman Degradation O f  Peptide B 4 

(1.5 n m l l  

cyc le  PTH-aa y l e l d  
l p m l e r )  

1 A l l  883 
2  Tyr 720 

4 Val 152 
5 A m  753 

3 L y l   8 W  

6  Pro 727 

8 Thr 88 
7 Asp 538 

9 Gly 501 
10 1yr  122 
11 I l e  448 
12  Asp 502 
13 Tyr 347 
14 Asp 395 
15 Ar9 289 
16 Leu 237 

18  Glu 307 
17 Glu  198 

20 Ala 168 
19 A m  182 

21 Ar9 163 
22 Leu I 7 6  
23 Phe 192 
24 H I S  98 
25 Pro la 
26 Lys 68 

cyc le  PTH-aa y i e l d  
I W l e r l  

21  Le" 184 
28 11e 122 
29 l l e  204 
30 Ala 107 
31 Gl{ 74 
32 X 
33 ser 21 
34 cncyr 10 
35 Tyr 39 
36 Ser 12 

38 A m  27 
37 Arg 30 

39 Leu 26 
40 Asp 24 
41 Tyr 22 
42 G l q  27 
43 X 
44 Leu 24 
45 Arg 22 
46 Lyr W' 
47 I l e  17 

49 Alp 15 
48 A la  18 

50 Glu 12 
51 Arn 9 
52 Gly 5 

R e p e t l i i r e   y i e l d :  94% ITyr 2 - Tyr 10) 
P o s i t i o n  170-225 

'X: not l d e n t l f i e d i  W. observed but not quantitated. 

5 
t 
N 

F i g .   6 .   C m p a l i r o n   o f   t h e  predicted s e c o n d a r y  s t r u c t u r e s  of 
c o l i  and r a b b i t  s e r i n e  h y d r ~ X y ~ e t h y l t r l n ~ f e r a l e l  I S H M T )  
p e r f o r m e d   a c c o r d i n g  to G a r n i e r  et 11.   1211.  G a p s  were  i n t r o d u c e d  
a c c o r d i n g  t o  t h e   I l i 9 n m ' e n t  shown i n   F i g .   2 .   H o r i z o n t a l   l i n e r  
above  t h e  p r e d i c t i o n s   i n d i c a t e   s e g m e n t s  with i d e n t i c a l  sequence 

t h e  two p r o t e i n s ;  t h e  b o x   i n d i c a t e s  t h e  m t i v e - l i t e   l y s i n e .  
a l p h a - h e l i x ;  h : e x t e n d e d   c o n f o r m a t i o n ;  A :turn: : 

- 

la 
random ~ 0 1 1 .  

F 

Elutlon Volume c ml 1 

F i g .  3 .  E l u t i o n   p r o f i l e  O f  t h e  t r y p t l c   d i g e s t  on S e p h a d e r   6 - 2 5 ,  
F l o w - r a t e  was 2 0   m l / h .   F r a c t i o n s  w e v e  p o o l e d  1 3  i n d i c a t e d  by  
v e l t i C . 1   l i n e r .  


