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The complete  primary  structure of the Escherichia 
coli B/r galactose-binding  protein was determined  by 
the  automated  sequencing of fragments  produced  by 
cleavage with  cyanogen  bromide,  o-iodosobenzoic  acid, 
limited  trypsin  digestion,  mild  acid  hydrolysis,  and 
Staphylococcus aumus sfxain V8 protease. The protein, 
which has 309 amino  acids, is notable  in the extent to 
which it differs from the  L-arabinose-binding  protein. 
Comparison  of these two proteins  indicates  only  about 
18% homology  despite the close structural  resem- 
blence  of  the  molecules  which they bind.  The galactose- 
binding  protein is the  chemoreceptor  initiating  chem- 
otaxis toward  galactose,  and it thus  becomes  the  first 
protein  component  required  for  chemotaxis  for  which 
the  primary  structure is known. 

The initial step leading to receptor-mediated high affinity 
solute transport and chemotaxis toward attractants in gram- 
negative bacteria is the recognition and binding of these 
solutes by  specific proteins (see Refs. 1 , 2 , 3  for review). These 
proteins, called  binding proteins or chemotaxis receptors (for 
those having that function), are water-soluble and can be 
released from the bacterium by osmotic shock or by treatment 
with lysozyme/EDTA. Thus these proteins appear  to  be dis- 
solved in the periplasmic fluid or loosely associated with the 
membrane or peptidoglycan environment (1,4). In the several 
systems studied to date,  nutrient  transport is accomplished by 
the interaction of the binding protein with nutrient bound 
with  two membrane proteins in an energy-dependent process 
(4-6, 8). This  has been demonstrated most clearly by  Lo (5) 
by isolating the binding protein and the two membrane pro- 
teins involved  in the transport of dicarboxylic acids in Esch- 
erichia coli K12 and reconstituting binding protein-dependent 
transport in  mouse  L-cells and rat myoblasts driven by a 
valinomycin-induced chemical gradient. 

For those chemicals toward which the bacteria can chem- 
otact,  the interaction of the chemoreceptor-nutrient adduct 
with a different set of cytoplasmic membrane proteins ulti- 
mately leads to the directed movement of the organism. These 
latter membrane proteins, called methyl-accepting chemo- 
taxis proteins, are composed of a singIe subunit of M, = 56,000 
to 65,000 and have been divided into  three complementation 
groups (2). MCP-I’ is encoded by the tsr gene,  while MCP-I1 
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and MCP-I11 are  the products of the tar- and trg-genes, 
respectively. While little is known about  the flow  of informa- 
tion from receptor to flagellum, including the number of steps 
involved, it has been inferred that  the maltose-binding protein 
(in the presence of maltose) initiates the flow  of signals 
through direct physical contact with MCP-I1 (9), and that  the 
galactose-binding protein and ribose-binding protein which 
utilize  MCP-I11 (3) employ similar mechanisms. 

In order to characterize these protein-protein interactions 
at the molecular level, it is necessary to determine the chem- 
ical structures of the components. We present here the com- 
plete amino acid sequence of the E.  coli B/r galactose-binding 
protein. Suitable crystals for  high resolution x-ray crystallo- 
graphic analysis of this protein are also available, and  this 
analysis is proceeding in another laboratory (10). 

METHODS AND RESULTS’ 

DISCUSSION 

The primary structure of the E. coli B/r galactose-binding 
protein (Fig. 1) is the fifth complete binding protein sequence 
determined. The others  are  the E, coli B/r L-arabinose-bind- 
ing protein (ll), the E. coli K12 leucine, isoleucine, valine- 
binding protein (12), the Salmonella typhimurium LT2 sul- 
fate-binding protein (13), and the S. typhimurium TA 1014 
histidine-binding protein (14). X-ray crystallographic analyses 
are available for the arabinose-binding protein (15) and  the 
galactose-binding protein (10) at  a resolution of 2.4 8, and 4.1 
A, respectively. Preliminary crystallographic data are also 
available for the leucine, isoleucine, valine-binding protein 
(16), sulfate-binding protein and the maltose-binding protein 
(17). Of these proteins only the galactose-binding protein and 
the maltose-binding protein are chemotaxis receptors in ad- 
dition to being membrane transport receptors. Thus, the 
galactose-binding protein is the first bacterial chemotaxis 
receptor for which the primary structure  has been determined. 

The sequence analysis of the galactose-binding protein was 
complicated due  to  the nonrandom distribution of methionine 
and  tryptophan residues.  Cleavage of the whole protein with 
cyanogen bromide produced seven peptides, two of which 
accounted for 77% of the total molecule.  Cleavage at  trypto- 

* Portions of this paper (including “Methods,” “Results,” Table 11, 
Figs. 3 to 10, and  additional references) are presented in miniprint at 
the end of this paper. Miniprint is easily read with the aid of a 
standard magnifying glass. Full size photocopies are available from 
the  Journal of Biological Chemistry, 9650 Rockville Pike, Bethesda, 
MD 20014. Request  Document No. 8OM-2663, cite authors, and 
include a check for $6.40 per  set of photocopies. Full size photocopies 
are also included in the microfilm edition of the Journal that is 
available from Waverly Press. 
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phan with o-iodosobenzoic acid produced six peptides, three 
of which contained less than 25 residues. Five of the  the six 
yielded information obtained from other fragments. Only one 
tryptophanyl peptide, W-3, obtained by a subdigest of the 
largest cyanogen bromide fragment  (CB-3), was critical for 
the sequence  determination. 

The strategy used in the sequence analysis of the galactose- 

5 
1 Ala  Asp Thr Arg Ile Gly Val Thr  I le Tyr  Lys  Tyr Asp  Asp Asn 

16   Phe  Met S e r  Val Val Arg  Lys Ala I l e  Glu Gln  Asp  Ala  Lys  Ala 

31 Ala P r o  Asp Val Gln  Leu  Leu Met Asn  Asp S e r  Gln Asn  Asp G1.n 

46 Ser   Lys  Gln Asn  Asp Gln Ile Asp Val Leu Leu Ala Lys  Gly Val 

6 1   L y s  Ala Leu Ala I l e  Asn  Leu Val Asp Pro Ala  Ala Ala   Gly   Thr  

76 Val I le Glu  Lys  Ala A r g  Gly Gln Asn Val P r o  Val Val Phe  Phe 

9 1  Asn L y s   G l u   P r o   S e r  Arg Lys Ala Leu Asp S e r   T y r  Asp Lys  Ala 

1 0 6   T y r   T y r  Val Gly   Thr   Asp   Ser   Lys   Glu   Ser   Gly  I l e  Ile Gln Gly 

1 2 1  Asp  Leu I l e  Ala Lys His Trp   A la  Ala Asn Gln   Gly   Trp  Asp Leu 

136  Asn  Lys  Asp  Gly  Gln I le Gln Phe Val Leu  Leu  Lys  Gly Glu P r o  

151 Gly  His P r o  Asp Ala Lys Glu Arg  Thr   Thr   Tyr  Val I l e  Lys  Glu 

166  Leu  Asn Asp Lys  Gly I l e  Lys  Thr  Glu  Gln  Leu Gln Leu Asp Thr  

181 Ala Met T r p  Asp Thr  Ala Gln Ala Lys  Asp  Lys Met Asp Ala Trp 

1 9 6   L e u   S e r   G l y   P r o  Asn Ala Asn Lys I le Glu Val Val I l e  Ala Asn 

211  Asn  Asp Ala  Met Ala Met Gly  Ala Val Glu Ala Leu  Lys  Ala His 

226  Asn   Lys   Ser   Ser  I l e  P r o  Val Phe  Gly Val Asp  Ala  Leu Pro Glu 

241  Ala Leu Ala Leu Val Lys  Ser   Gly  Ala  Leu Ala Gly  Thr  Val Leu 

256  Asn  Asp  Ala  Asn Asn Gln  Ala Lys  Ala  Thr  Phe  Asp  Leu Ala Lys 

271  Asn  Leu  Ala  Asp  Gly  Lys  Gly Ala Ala Asp Gly  Thr Asn Trp  Lys 

286 I l e  Asp Asn Lys Val Val A r g  Val P r o   T y r  Val Gly Val Asp Lys 

301  Asp  Asn  Leu Ala Glu  Phe  Ser   Lys  Lys 

309 

10 1 5  

FIG. 1. The amino acid sequence of the E. coli B/r galactose- 
binding protein. 

Intact  Protein 

binding protein is outlined in Fig. 2. Heavy emphasis was 
placed on the isolation of peptides produced by subdigestion 
of the two large cyanogen bromide fragments. In many cases 
peptide purification was possible only by employing new high 
performance liquid chromatography  methods for peptide iso- 
lation (18, 19). For example, the subdigestion of CB-3 at 
glutamyl residues with S. aureus strain V8 protease produced 
a single peptide peak on gel fitration chromatography which 
sequence analysis showed to be three peptides starting  at 
residues Asn  39, Lys 79, and Ser 115. Reversed-phase high 
performance liquid chromatography cleanly separated the 
desired peptide beginning with Ser 115 from the  other two 
which co-eluted (Fig. 8). Peptide E-3 was recovered in 90% 
yield. This technique yielded pure peptides quickly and  re- 
duced the  total  amount of protein  required for the analysis, 
since low yield procedures, such  as ion-exchange chromatog- 
raphy, were not necessary. The value of both 100 A pore and 
300 A pore supports (19) for small and large peptides, respec- 
tively, was confirmed during the sequencing of the galactose- 
binding protein. 

The amino acid compositions of the galactose-binding pro- 
tein and  the various fragments used in the sequence analysis 
were determined (Table I). Reasonable agreement between 
the compositions and  the sequence analysis was obtained for 
each. 

Inspection of the amino acid sequence of the galactose- 
binding protein reveals no cysteine or cystine. The protein is 
rich in  asparagine and aspartic acid residues, particularly in 
the COOH-terminal 100 residues of the molecule. Comparison 
of the amino acid sequence of the galactose-binding protein 
with the only other sugar-binding protein of known sequence, 
the arabinose-binding protein, reveals a striking lack of ho- 
mology (approximately 18%). This is particularly  noteworthy 
considering the  structural similarity of the sugars galactose 
and arabinose. A detailed structural comparison of these 
binding proteins is presented  in the accompanying paper. 

The molecular details of how these binding proteins func- 
tion  remain to be solved, although it  has been suggested that 
the event that triggers a binding protein to interact with the 
next protein(s) in the system is a conformational change 
brought about by the binding of the  nutrient molecule (3). By 

E M 

Cleavaae at  Asa-Pro. 85 
,~ 

DP- 2 

Cleavaae at Ara: 
99 

- R-l k-2 O U h B  R-5 R-6 

4 21  81 9 
125 220 

2 1  
Cleavage of CB-3 at Trp: 

308 

-5 127 133 1 182 

FIG. 2. Summary of the sequenc- 
ing  strategy. Stippling denotes those 
portions of the intact galactose-binding 
protein and selected fragments that were 
degraded. Standard one-letter abbrevia- 
tions are used to designate residues of 
importance to  the production of appro- 
priate fragments. 

Cleavage of CB-3  at Glu:  
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E-3 E-4E-5 E-6 u r n  

78 114 1157  165  174  182 

Cleavage of CB-7 at Glu: 154 
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radius of gyration measurements, an 18 A movement of the 
two domains of the arabinose-binding protein has been found 
upon binding arabinose (20). Using fluorescent measurements 
(probably based upon an incorrect estimate of the number of 
tryptophan residues in the S. typhimurium galactose-binding 
protein),  a movement of 30 A upon binding galactose has been 
inferred (21). Clearly, more work needs to be done using direct 
methods (e.g. x-ray crystallography) before a clear under- 
standing of these molecular events is gained. 
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rmons 

c e l l   d i s r u p t e ?   O p e r a t i n g   a t  8000 p s i .  The mix tu re  was t rea ted  fo r  a shor t  
potassium  phosphate. p H T ( 3  m l l w   c e l l s )  and homogenized i n  a a n t o n 4 a u T i n  

brought t o  55% of sa tura t ion  i n  a m n i m  s u l f a t e .   A f t e r   s t i r r i n g   o v e r n i g h t  
the  supernatant was i s o l a t e d  by c e n t r i f u g a t i o n  and d ia lyzed  against   severa l  
changer Of 10  mC potasslum  phosphate (pH 7.R). It was then passed thmugh a 
matr ix  of n E A E e l l u l o s e  (DE-52. Uhatnan) i n  a Buch ler   funne l   equ i l ib ra ted  
and e lu ted  i n  t h e  sam buf fe r .  The unretained  mater ia l  was d ia lyzed  aga ins t  
Several cham er Of 1 fl pOtass1yFI phosphate (pH 7.8) and a p p l i e d   t o  a column 

buf fe r .  A l i n e a r  4 1 grad ien t  from 0 t o  30 nH KC1 i n  t h a t   b u f f e r   y i e l d e d  
(4.0 x 45-cny of   DEAE7el lu lore (RE-53. Whatman) e q u i l i b r a t e d   w i t h   t h e  same 

galactose-binding  pmtein  contaminated hy o n v a  s l i g h t  amount of 
a rab inose-h ind ing   pmte in  and tw other   un ident i f ied  components. The 

. d i a l y s i s ,  and a p p l i e d   t o  a column (2.5 x 90-cm) of Sephacryl 5-200 developed 
g a l a c t o r e l g l u c o r e   b i n d i n g   a c t i v i t y  was col lected,  concentrated by wcuum 

w i t h  50 mW Imidazole. pH 6.9. This gave pure galactose  b ind ing  prote in  as 
j udged  bFd isc   ge l   e lec t rophores is  (73). by I S  gel   e lect rophores is  (24) and 
by sequence analysis. A t y p i c a l   y i e l d  O f  the   ga lac tose-b ind ing   pmte ln  irm 
500 g of r. wet c e l l  paste vas 95 nrg. 

t ime  w i th   r ibonuc lease and deoxyr ibonuclease  to  reduce  the  Viscosi ty and 

will IY j e c t   t o  cyanogen m m  de gest on 2 ) t o   a c i d   h y d r o l y s i s   a t   t h e  
Chemical and EnryyMtic Cleavclqe  Pracedurer.  Galactose-binding  pmtein 

a r p a r t ) l - p ~ y l  bond (27,7:1, i n d  try;tic(d;g;rtiOn a t   t h e   a r g i n y l  
residues O f  the  Ci t raconic   anhydr ide-modi f ied  pmte in  (29)  as p n ~ i o u s l y  
describe.. D iges t ion  Of peptides CB3 and CR7 at   t ryptophanyl   residues was 
perfomed  wi th  0- iodosobenmic  acid  (30) using the  synthesis and pcreral  

d iges ted   w i th  5 aureus '48 p m t e a s e   a t  pH 4 n (32) and CB7 was sub jec ted   to  
i n c u b a t i o n   n t h &  of &honey, sfi. (31). Peptides CB3 and CB7 wwe  a l so  

t o t a l   t r y p t i c   F i d Z l j 3 s   a t  pH 8.0 t o  gene& pepiides T3 and T4 (Table I) 
fo r   conpos i t iona l   ana lys is .  

w e n   p u r  y reverse -p ase g -per ormance c rmatography  (18. 
Reversed-Phase  High-Performance L i q u i d   C h m a t o q r s p h t  Many peptides 

191. Ly%i:ed peptld: dxtu;:  :?e f ; l s s o l ~ e d ~ ? ~ ~ I X   t r i f l u o m a c e t i c  
acid  (1-2  mglml) and Chrrrmtographed on SynChropak RP-i  colunns  (SynChrw, 

ace ton i t r i le   g rad ien ts .   Bo th   the   water   s ta r t ing   so lvent  and the   o rgan ic  
lnc..  Linden, IN1 or Brownln  L iChrOsorb RP-8 columns i n  propanol or 

l i m i t i n g   s o l v e n t   c o n t a i n e d  0.1% ( v l v )  t r i f l u o r o a c e t t c   a c i d  (18). 

g lass-   s t   ed  
(Peptl::s)i:: f;r62!3, 72. and 96 h  (whole p m t e l n l .   A l l  analyses were 

i n  evacuated  Sealed  tubes a t  llOD C f o r  24 h 

manufacture's  Instructions.  Tryptophan  content was determined fm t h e  
TrplHlr r a t i o   f o l l o w i n g  base h y d r a l y r i r  i n  the  presence of s ta rch  (33) .  

Amino Acid Analysis. Whole p r o t e i n  and peptides were hydrolyzed i n  

Per fo rmd On a O U W m  0-500 amino acid  analyzer   accord ing  to   the 

were degraded i n  a Becknan Hodel 89OC sequencer according t o  Edman and Begg 

P t h  -amino ac ids  were i d e n t i f i e d  a s  quant i ta ted  by hlgh-per?&mance l i q u i d  
(341 as modif ied by  Hemodson. c 11. (35.36). and  Nute, a l .   (37).  

chmaatagraphy using a modi f i ca t ion  (38)  of the  method of Zlmemn, st. 
( 3 ) .   P t h - h i s t i d i n e  and Pth-arg in ine  *ere sometimes i d e n t i f i e d  by  spot t e s t s  
(27). Each pept ide   y ie lded  a t   leas t   701 of the  expected  dmunt  of  Pth-amino 
a c i d  i n  t h e   e a r l y   c y c l e s  Of the  degradation. and Only pure 0 9 5 % )  peptides 
were degraded. When t h e   r a t i o  of peak t o  bactgmund  fe l l   be low 3, no f u r t h e r  
i d e n t i f i c a t i o n s  were made. 

Sequence Analysis. The galactose-b ind ing  prote in  and se lec ted  fragnnentr 

Deriqnatian  of  Peptides.  Peptides  (except  those  qenersted by 
subdlgests) were nunbered consecutively frm those  conta in ing   the  
amino-terninal sequence to   t hose   con ta in ing   t he   ca lboxy l  sequence o f  the  
galactose  b ind ing  pmte in.  Thus seven f r a w n t s  CB-1 (residues 1-17), CB-2 

CB-7 (217-309), were produced  by  cleavage w i t h  cyanogen bmmide.  Cleavage a t  
(1P-3R). CB-3 (39-1821, CR-4 (183-192). CB-5 (393-2143, CB-6 (215-216). and 

Asp-PTO produced  fraqnnentr DP-1 (1-69) and DP-2 (70-309) h i l e  cleavage a t  
Arg was expected to   genera te  seven  frsgncnts. R-1 (1-4).'R-2 (5-211. R-3 

Designation Of peptides  generated  by  suhdigest uek   nvner iea l l y   a r ranged  i n  
(22-81). R-4 (82-961, R-5 (97-158). R-6 (159-292) and R-7 (293-309). 

Wder o f   t h e i r   p o s i t i o n  i n  t h e   f i n a l  sequence. For example, the  expected 
fra-ntr O f  CB3 digested  at   g lutamyl  residues were designated E-1 (39-78), 
E-2  (79-114), E-3 (115-157). E-4 (158-165), E-5 (166-174). and E-6 
(175-182). 

analyses w e n   p e r f o m d  using carboxypeptidase B. 6 7  ( 6  nmole) was 
I d e n t i f i c a t i o n  Of the  Carboxyl-Terminal Residue. Carboxyl-terminal 

d isso lved I n  2 m1 O f  5 mW NHtHC03 (pH R.0) conta in ing  6 nmles of 

Carboxypeptidase 8. A f t e r  4 h the   reac t ion  was terminated  by  addi t ion of 0.2 
nwleuclne.  Digest ion x 25 Mas i n i t i a t e d  by t h e   a d d i t i o n  O f  10   un i ts  Of 

ml s a t u r a t e d   t ? i c h l o m d c e t i c   a c i d  i n  water. The s o l u t i o n  was c l a r i f i e d   b y  
c e n t r i f u g a t i o n ,  and the  supernatant was extracted  three  t imer   wi th   e ther .  
evaporated, and subjected t o  amino acid  analys is .  

RESULTS 

" 
E. c o l i  R/r appears I n  Fiqure  1. Overlaps o f   p a r t i a l  sequences mnqed from 2 
t o  more than  10  residues and al lowed  the unambiguous placement of a l l  
frdgnents. I n  addit ion  the  Close  correspondence of amino acid  eompor i t ians 
Of t h e   e n t i r e   P r o t e i n  and Of t he   f ragnen t l   w i th  COmPOsltlOnl determined  from 
the  sequence i n d i c a t e s   t h a t   t h i s  sequence i s  cmple te .  

The conplete amino ac id  Sequence o f   the   ga lac tose-b ind ing   pmte in   fmm 

produced hy gel f i l t r a t i o n   o f  cn. np, and R fmgnents  generated frm t h e  
i n t a c t   g a l a c t o r e - b i n d i n q   p m t e l n  are Presented in  Figurer  3, 4, and 5 .  

chmnatography  (Figure 6 ) .  Fragnent W-3. fmm a subdigest  of CR-3 a t  
r e s p e c t i v e l y .   F r a w n t  R-7 was f u r t h e r   p u r i f i e d  by  high-performance l i q u i d  

tryptophan. was p u r i f i e d  by  high-performance l i q u i d  Chmmatography (F igure  7)  
I S  was E-3, pmduced  by  cleavaqe o f  CB-3 a t   G l u   ( F l q u r e  R ) .  Fragnentr E-9 
and E-10. p m d w e d  by cleavage o f  CB-7 a t  GI", were i s o l a t e d  by gel 
f i l t r a t i o n  and high-performance  l iquid-chmmatagraphy  respectively  (Figurer 
9 and 10).  While  these  peptides  provided  the  Overlapbing  fragnentr  required 
for   the  determinat ion Of the  complete sequence O f  the  galactose-binding 

tryptophanyl   residues  wi th  0- iodolobenzoic  acid and a t   l y r y l  and arg lny l  
prote in .   addi t ional   pept ides were generated  by  the  cleavaqe  of CR 7 a t  

t hmugh   the  CR7 sequence (Tahle  1). Those peptides were p u r i f i e d  by h igh  
residues w i t h   t r y p s i n  i n  o d e r  t o   ge t   accu ra te  mina a c i d   c m p o r i t i o n r  

pept ides  over lapping  the  ent i re  sequence Of the   ga lac tose-b ind ing   pmte in  are 
perfomance l i q u i d  chromatoqraphy  (not  shovnl. h i n a   a c i d   c o m p e s i t i e n r   o f  

pmv lded i n  Table 1. 

l r a l a t i o n  and I d e n t i f i c a t i o n   o f   F m m n t s .  The e l u t i o n   p m f l l e s  

s t r u c t u r e  of the  ga lactose binding p r o t e i n  i s  o u t l i n e d  i n  Figure  2. The 
Sequence AIIIIIYSIS. The r t r a t e w  enplayed i n  analyzing  the  pr imary 

res idues   aeupy lnq   pos i t ions  1 thmugh 44 were i d e n t i f i e d  by the  stepvise 
degradation Of galactose-binding  pmteln.   Degradat ion Of f rdments  CR-3 and 
CB-7 es tab l i shed  the  sequencer  of residues 39 t h r w g h  84 and 217 thmugh 271. 
The i s o l a t i o n  and p a r t i a l  sequence Of fragnent DP-2 i d e n t i f i e d   r e s i d u e s  70 
through 98. Subsequent  analyses  of f r a m e n t r  R-5, R-6. and R-7 es tab l i shed 
the  sequences of residues 97 thmugh 124  159 thmugh 219 and  293 thmugh 
ME. sequence ana lys is  of fragnentr W-3'md E-3, placed k i d u e s  134 through 

E-9 and E-10, which pos i t ioned  res idues 241 t h r w g h  304 and residues 306 
162 and 115 thmugh 155. respec t ive ly .  F ina l l y .   the  stepwise  degradation  of 

thmugh 309. completed  the P?imary s t ruc tu re  of the  galactose-binding 
protein.  Carboxypeptidase B d igest   conf i rmed  the  presence  o f   lys ine as the  
penult imate and C-terminal   residue by y i e l d i n g  1.7 mole l y r i n e l m o l e  
pmte in .   On ly   t races  Of o ther  amino acids  could be discerned.  A  rumnary of 

methods  used in ident i fy ing  the  products  generated  by each c y c l e   o f   t h e  
t h e   y i e l d s  Of the  Pth-amino  acids  at each s tep   o f   the   degradat ions  and thc  

sequencep i s  presented i n  Table 11. 
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Figure 3: Gel f i l t r a t i o n  on I 6-75  ( f ine1 Sephadex c o l m n  (2.5 x 90 cn) of 
fragnentr  produced  by  cleawge of the  ga lactose-b ind ing  pmte in  a t  
methlonyl Pesidues w i t h  cyanogen brmide.  The c o l m n  was 

were Collected. Those fragnents  indicated by s t i p p l i n g  were 
e q u i l i b r a t e d  and run i n  9% ( v l v )  formic  acid. and 6 nl f r a c t i o n s  

?ecove?ed, f u r t h e r   p u r i f i e d  by  re-chromatography  undel  the same 
Condit ions  (not shown). and subjected t o  Ednan-degradation and 
further  rubdigest ion.  
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F iqure  4: I so la t i on   o f   f ragnen t  0P-2, generated by m i l d   a c i d   h y d r o l y s i s   a t  
t h e   r i n s l e   a s p a r t y l - p r o l y l  linkage, hy gel f i l t r a t i o n  on the  6-75 
colunn under   ident ica l   Condi t ions  to   F iqure 3 except  that  2.5 a1 
f rac t ions  were col lected.  Other  pmducts  of   the  c leavage were not 
recovered. 
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Flgvre 5 :  Elu t ion   p ro f i le   p roduced by gel f i l t r a t 7 o n  on a G-50 (superfine) 

column (2.5 x 90 cm) o f   r r a p e n t s  generated  hy  cleavage o r   i n t a c t  
ga lac tose-b ind ing   p ro te in   a t   a rg iny l  TesIdues  by l i n i t e d   t r y p s l n  
d i g e r t i u n .  The f r a c t i o n s  were about 3.5 ml each w i t h  130 nl o f  
so lvent   (9%  formic  ac id)   co l lected  before  the fraction c o l l e c t o r  
was star ted.  Only the  f ragnentr   ind icated by s t i p p l e d  area were 
recovered and SubJeCted to fur ther   analys is .  
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Figure 6: F r a w e n t  R - 7  i s o l a t e d  hy qel f i l t r a t i o n   ( F i g u r e  5 )  was f u r t h e r  
p u r i f i e d  by reversed-phase  high-performance l i q u i d  chromatography. 
The SynChropaX RP-Q column [0.16 x 25 cm) was e lu ted   a t  a 
f low-rate o f  0 . 7  ml/nln with  the  lnd icated  gradlent   o f   I -propanol  
conta ln ing f l . 1 X  I u l v )  t r i f l u o r o a c e t i c   a c i d .  The s t a r t i n g   s o l v e n t  
was 0.1% (v /u)  t r i f l u o r o a c e t i c   a c i d   i n   w a t e r .  
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Figure 8 :  High-performance l i q u i d  chromatography Of the  products  qenerated 
by the  subdigestion  of CB-3 a t  GI" w i t h  5. a u r e u   s t r a i n  VR 
eretease. 'the column 10.61 x 5-cnl  vas a V v d a c t - 8 1   w o m r t .  
and the  Other  condi t fons wpe 3s i n  F19ure b except a s  ind icated.  
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Fioure 9: Gel filtration on the 6-50 column fFi4. 51 of fraqmentr  Produced 

by the  subdigest ion  of  CR-7 a t  G l u  w i t h  5. aweus s t r a i n  VR 
protease.  Peptldes E-9 and F-10, i n d i c a i e d h y t h e   s t l p p l e d  areas, 
we~e recouered. The former '#a5 Sublected to 8UtOmatiC deqr ldat ion 
and t h e   l a t t e r   f u r t h e r   p u r i f i e d  hy  hgh-performance 
l,quid-~hronatography. 
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Figure In: Pur i f i ca t ion   o f   f ragment  E-ln (Flqure 9) by hioh-performance 
l i q u i d  chronatography On a  LiGhmswb I R P - 8 )  reversed-phase colmn 
( 0 . W  x 15 c m )  a6 descrlhed ~n the  legend  to  F ~ q v r e  F .  
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