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The amino acid sequence of a corn inhibitor for tryp- 
sin and activated Hageman Factor (Factor XIIa) was 
determined by automated  Edman degradation from the 
intact inhibitor and two fragments generated by spe- 
cific  cleavage of the inhibitor. The 112-residue se- 
quence is unique at each position except 91, where both 
Ala and  Glu were found. The structural heterogeneity 
suggests the occurrence of two  genes (possibly allelic) 
for the inhibitor, Based on analysis of fragments pro- 
duced by the interaction of the inhibitor with trypsin- 
agarose, the reactive  site peptide bond is identified as 
Arg 36-Leu 37. There is no strong similarity between 
the sequence of the corn inhibitor and the sequences 
published for other serine protease inhibitors. Thus, 
the corn inhibitor represents a new family of protease 
inhibitors. Circular dichroism measurements and a 
theoreticai prediction of secondary structure indicate 
that the inhibitor has helix and B sheet contents of 
approximately 40 and 20%, respectively. 

Corn seeds contain a small  protein that is a potent inhibitor 
(1) of mammalian trypsins (2, 3). For reasons that  are not 
understood, seeds of a high lysine corn  cultivar, opaque-2 (4), 
have an elevated trypsin  inhibitor level (3, 5). We have 
previously purified the inhibitor from opaque-2 corn and 
reported some of the physicochemical properties of the protein 
(6). More recently, it  has been reported (7 ,8)  that corn trypsin 
inhibitor is also a specific inhibitor of activated Hageman 
Factor  (Factor XIIa of the intrinsic blood clotting process). 
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Of the many serine  proteases  tested, only trypsin and Factor 
XIIa  are inhibited by the corn protein (6-8). In order to 
accomplish a detailed analysis of the inhibitor‘s interactions 
with activated Hageman Factor and with trypsin, it is neces- 
sary  to know the inhibitor’s structure. An amino acid sequence 
has been proposed (9) for a  trypsin  inhibitor from an unspec- 
ified strain of maize (corn). However, certain of the opaque-2 
inhibitor’s properties, particularly its molecular weight and 
amino acid composition (6), are quite different from the 
properties of the maize inhibitor (9). The basis for these 
differences does not appear to be differences in source mate- 
rial, since inhibitors indistinguishable from the opaque-2 in- 
hibitor have been found in genetically diverse types of corn 
(5) and even in  a different species (10). Furthermore, it 
appears that corn seeds contain only one major trypsin  inhib- 
itor (10) which may consist of two or more closely related 
variants (7). 

Whether or  not  the maize protein studied by other workers 
is a  different  inhibitor from the opaque-2 inhibitor, it is clear 
that  the sequence proposed for the maize inhibitor (9) cannot 
correspond to  the opaque-2 corn inhibitor of trypsin (6) and 
activated Hageman Factor (7). We therefore  undertook se- 
quence determination of the inhibitor from opaque-2 corn 
seeds. In addition to reporting that sequence, we also provide 
experimental and theoretical  estimates of secondary structure 
in  the protein. 

MATERIALS AND METHODS AND RESULTS‘ 

DISCUSSION 

The corn inhibitor of trypsin and activated Hageman Factor 
consists of 112 amino acid residues and  has a calculated 
molecular weight of 12,028 (Figs. 1 and 4). This is in good 
agreement with the molecular weight of 12,500 that we had 

Portions of this paper (including “Materials and Methods,” “Re- 
sults,” Figs. 2, 3, 5, and 6, and Tables I and 11) 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, Be- 
thesda, MD 20814. Request Document No. 83M-1759, cite the  au- 
thors, and include a check or money order for $4.80 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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determined by sedimentation equilibrium in the analytical 
ultracentrifuge (6). The amino acid sequence reported  in this 
paper is also in good accord with the amino acid composition 
that we had determined for the corn  inhibitor (6). On the 
other hand, there is little similarity between our sequence and 
that reported by other workers (9) for a trypsin inhibitor from 
maize. The 8 NH,-terminal residues are identical in  the two 
sequences aa are the  first 2 residues of the COOH-terminal 
tryptic fragment. No other correspondence occur between 
these two sequences. There is similarity in  the relative sizes 
of the proposed tryptic fragments, but a large discrepancy in 
the overall length of the proteins and  the previously reported 
sequence (9) contains only 65 residues. 

Laskowski has formulated  a “standard mechanism” of ac- 
tion for protein inhibitors of serine  proteases (11). In  that 
mechanism, two forms of an inhibitor  exist in association 
with the protease a t  equilibrium: a single-chain (virgin) form 
and a two-chain (modified) form. Each form is fully inhibitory, 
and  the  same equilibrium mixture is obtained by combining 
either form of the inhibitor with the protease. 

All available evidence indicates that  the corn  inhibitor 
obeys the  standard mechanism in its interaction with trypsin 

Intact  Inhibitor 

4.0 
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Clravaga a t  Met CB-2 

66 I 1 2  

FIG. 1. Summary of the sequencing strategy. Hatched areas 
denote those portions of the intact inhibitor and  selected  fragments 
that were degraded. Standard,  one-letter abbreviations are used to 
designate residues of importance to the production of appropriate 
fragments. 

Ser-Ala-Gly-Thr-Ser-Cys-Val-Pro-Gly-Trp-Ala-Ile-Pro-H~s-Asn- 15 

Pro-Lw-Pro-Ser-Cys-Cys-Trp-Tyr-Val-Thr-Ser-Arg-Arg-CYs-Gly- 30 

V 
Ile-Gly-Pro-Arg-Pro-Arg-Leu-Pro-Trp-Pro-Glu-Leu-Lys-Arg-Arg- 45 

Cys-Cys-Arg-Glu-Leu-Ala-Asp-Ile-Pro-Ala-Tyr-Cys-Arg-Cys-Thr- 60 

Ala-Leu-S~r-lle-Leu-Uet-Asp-Gly-Ala-Ile-Pro-Pro-Gly-Pro-Asp- 75 

Ala-Gln-Leu-Glu-Gly-Ala-Leu-Glu-Asp-Leu-Pro-Gly-Cys-Pro-Arg- 90 

% 
~~~-Val-Gln-Gln-Gly-Phe-Ala-Ala-Thr-Leu-Val-lhr-Glu-Ala-Glu 105 

Cys-Asn-Leu-Glu-Thr-Ile-Ser-(112) 112 

FIG. 4. The complete  amino acid sequence of the corn tryp- 
sidactivated Hageman  Factor inhibitor. The arrow indicates the 
reactive site bond. 
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and, presumably, with  Factor XIIa. If isolated by chromatog- 
raphy  on immobilized trypsin, the corn  inhibitor is recovered 
as a  mixture of single-chain and two-chain forms (6). Each 
form is inhibitory, and  the two forms are indistinguishable in 
molecular weight and amino acid composition (6). When the 
single-chain form is separated from the two-chain form (by 
DEAE-cellulose chromatography) and  then chromatographed 
on trypsin-agarose,  a  mixture of single- and two-chain forms 
is eluted (6). Furthermore, purified two-chain inhibitor gen- 
erates a  mixture of single-chain and two-chain forms upon 
chromatography on trypsin-agarose.’ These  results  are  en- 
tirely  consistent  with single- and two-chain forms of corn 
inhibitor  obtained by chromatography on trypsin-agarose 
being the virgin and modified forms of a  protein that obeys 
the  standard mechanism of inhibition. 

Other evidence further  strengthens  this conclusion. Corn 
inhibitor isolated by chromatography on an immunoabsorbent 
(rather  than on trypsin-agarose) is a single-chain protein that 
we assume to be the virgin form of the inhibitor (10). In  this 
paper, we have reported that  the  NH2-terminal sequence of 
the immunoadsorbent-purified inhibitor is the same as  that 
of the single-chain form eluted from trypsin-agarose. This 
information coupled with our previously published results on 
the properties of the immunoadsorbent-purified inhibitor (10) 
leads to  the conclusion that  the single-chain inhibitor  eluted 
from trypsin-agarose is the same  protein as  the immunoad- 
sorbent-purified  inhibitor. Hence, we can identify the single- 
chain  inhibitor  eluted from trypsin-agarose as  the virgin form 
of the corn  inhibitor.  Furthermore, we conclude from the 
results of chromatography of the two-chain form on trypsin- 
agarose (see above), that  the two-chain inhibitor  eluted from 
trypsin-agarose is the modified form of the corn inhibitor; i.e. 
that only one bond (the reactive site  bond) is cleaved during 
chromatography of the corn inhibitor  on trypsin-agarose. 
That reactive site bond is identified in this paper as Arg 36- 
Leu 37. 

The reactive site region of the corn  inhibitor is notable in 
its high content of proline (4 of the 8 residues immediately 
surrounding the reactive site bond are  prolines). It is unusual 
for proline to occur in  the active site regions of serine protease 
inhibitors (11). The occurrence of 4 proline residues in this 
short  stretch of polypeptide would greatly restrict the chain’s 
flexibility. The prolines presumably help maintain the reac- 
tive site region in a conformation that is particularly well 
suited to bind to  the active sites of trypsin  and of Factor XIIa 
and less well suited to bind to  the active sites of other  trypsin- 
like enzymes of blood plasma. 

The corn  inhibitor is similar to other  protease  inhibitors  in 
having a high content of cysteine. All 10 cysteine residues in 
this protein  are involved in disulfide bonds (6), but we have 
not determined the pairings. A peculiarity of the corn inhibi- 
tor is its  three  tryptophan residues. Tryptophan is usually 
absent in the  plant protease  inhibitors whose sequences have 
been published. 

Laskowski and  Kat0 (11) introduced the term “family” to 
denote,  in its technical sense, a set of protease  inhibitors that 
are closely related to each other in  amino acid sequence. 
Members of a family are sufficiently similar  in sequence that 
they  can be aligned readily by simple visual inspection. Las- 
kowski and  Kat0 identified eight such families (1  1). Our visual 
inspection of the corn  inhibitor sequence and  other protease 
inhibitors whose sequences have been reported revealed no 
clear similarities between the corn inhibitor and  other inhib- 
itors. This lack of strong similarity was confirmed by a 

M.-G. Lei and G.  R. Reeck, unpublished observations. 
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computerized search of the  Protein  Data Base of the National 
Biomedical Research Foundation’s Atlas of Protein Sequence 
and Structure. (That  data base contained the sequence of at 
least one representative of each of the eight families of Las- 
kowski and  Kato.)  Thus, the corn inhibitor is the  first docu- 
mented representative of a family of inhibitors for which no 
reliable  sequence information has been available. 

The corn inhibitor is not only distinct from the  other known 
inhibitors in amino acid sequence, it appears to be different 
in  its secondary structure from at least those inhibitors whose 
structures have been elucidated by x-ray crystallography (12). 
In each of those three inhibitors, the content of @-pleated 
sheet is substantially greater than  the content of a-helix. 
Thus, pancreatic trypsin inhibitor (Kunitz) was found to 
contain no helix and  a good deal of structure resembling @- 
pleated sheet (12). Soybean trypsin inhibitor (Kunitz) was 
reported to contain about 25% of its residues in a helical 
configuration and about 50% in  @-sheet (13). The subtilisin 
inhibitor contains about 17% helix and 35% pleated sheet 
(14). On the other hand, our estimates from admittedly less 
reliable methods (see “Results” in the Miniprint) suggest that 
the corn inhibitor contains substantially more  helix (about 
40%) than  it does @-sheet (about 20%). 

The structural heterogeneity identified at residue 91 pre- 
sumably accounts for  two of the isoelectric variants of the 
corn inhibitor that were first described by Hojima et al. (7). 
That heterogeneity may also account for the apparent chro- 
matographic heterogeneity noted in our earlier work (6). An 
interesting question is the genetic basis of the heterogeneity. 
From the  data currently available, it is not possible to know 
whether the different genes  for the inhibitor are allelic  or if 
multiple loci exist. We hope to address that question by 
isolating and sequencing the genes and surrounding DNA 
sequences. 
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SUPPLEMENTARY  MATERIAL TO AMINO ACID SEQUENCE  AN0 
SECONDARY  STRUCTURAL  ANALYSIS OF THE  CORN INHIBITOR 

OF TRYPSIN AND ACTIVATED  HAGEMN  FACTOR 

Hal ter  C. Mahoney,  Mark A. Hermodson. Eerne Jones, 
Daniel D. Powers, Randle S. Corfman and Gerald R. Reeck 

MTERIALS AND  METHODS 

vested i n  the agronomy f i e l d s  of Kansas State  University and generously 
ISOLATION OF THE INHIEITOR. Seeds o f  opaque-2 corn (Zea Mays) were har- 

orovided by Professor  Clyde A. Uassm. b a r b   a l l  of t he   i nh ib i t o r  used i n  
the  current ark was iso la ted by chromatography of   ext racts  of  corn Seeds 
over  a  trypsin-agarose  aff ini ty  matr ix as described  previously ( 6 ) .  The 
inhibi tor   obtained from a trypsin-agarose column i s  recovered as a mixture 

were separated by chromatography on DEAE-cellulose ( 6 ) .  In tact  i n h i b i t o r  
of  single-chain and spl i t-chain  proteins. These ta forms of   the i n h i b i t o r  

was also  isolated  using an a l ternat ive approach (IO), rh ich  consisted of 
chromatography on an imunoadsorbent  constructed by i m b i l i z i n g   a f f i n i t y -  
pur i f ied  ant ibodies  against   the  inhibi tor  on cyanogen bromide-activated 
agarose. 
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PREPARATION  AND  ISOLATION  OF INHIBITOR FIUGEMENTS. Following  reduction and 
5-pyridylethylatfon (15) t h e  two fraqnents  of   the  spl i t -chain f o n   o f  the 
i n h i b i t o r  were Separated by ge l   f i l t ra t ion .  An addit ional 15 rmJ of the 5- 
pyridylethyl  single-chain  inhibitor was cleaved  at  the  single  nethionyl 

high-performance l i q u i d  chromatography using  the 0.15 tr i f luoroacet ic  acid 
residue by cyanogen bromide (16). The result ing  pmducts were isolated by 

ac id   buf fer  system o f  Mahoney and Hennodson (17) and large-pore (300 A) 
reversed-phase  supports (18,19). 

M I N O  ACID ANALYSIS. I n   a l l  cases. fragnents were recovered by lyophi l iza-  
t i o n  and characterized by analysis on a Beckman 63W amino acid  analyzer 
a f ter   hydro lys is  &r vacuo f o r  24 hours i n   g l d s s - d i s t i l l e d  6N  HCI at  110' C. 
h i n o  a c i d   a n a l y s e s a f h e   i n t a c t   i n h i b i t o r  were carr ied 0% af ter  24, 48. 
cysteine. M i c h   i s  eluted as a d iscrete peak between lys ine and aarmnia. i s  
72. and 120 hours of  hydrolysis. The color  value f o r  5-(pyridylethyl) 

1.2 times  that  for  leucine (20). Tryptophan  content was detennined by 
amino acid  analysis as the Trp/His ra t io   fo l low ing  base hydrolysis  using 
corn  starch as  an antioxidant (21). 

SEQUENCE  ANALYSES. Intact   S-pyr idylethylated  inhibi tor  and the  fragnents 
were degraded i n  a Beckman M e 1  89OD sequencer according to   t he  procedure 
y f  Edman and Beg9 ( 2 2 )  as modffied  b Hemodson et a1.(23). using  the 

peptide program" of Hennodson e t  dl. r24). Pr io r   t o  & addi t ion  o f   the 
peptide t o  the sequencer cup, T m g  of Polybrene were dlssolved i n  0.7 ml 
o f  5OX acetic  acid and applied t o   t h e  cup of the sequencer, dried under 
vacuun. and subjected to   three  cmplete  cyc les of autcmted Edman degrada- 
t ion. The peptide under invest igat ion was then  introduced  into  the cup  and 
sequential ly degraded. The anino  acid  derivatives were converted t o   t h e  

were i d e n t i f i e d  by high-performance l i q u i d  chmnatography  using  a 0.46 X 25 
PM amino acids as previously  described (15). PTH-mino acid  derivatives 

equipped with a Model  8000 autosampler.  a  Varian UV 100 variable wavelength 
cm Ultrasphere ODs 5un c o l m n  (Beckman) (25,26) and a  Varian Model M60 

detector and a Hewlett-Packard 3390 A recorder/integrator. The detector 
was operated a t  269 M throughout  except f o r  a  3 min. interval,  from 15.5 
min. t o  18.5  min.. rhen  the wavelength was automatically changed t o  313 M 
to   f ac i l i t a te   t he   i den t i f i ca t i on   o f   t he  LITE adduct o f  dehydrothreonine. 

F r m   t h e   y i e l d s  of  those PTH-amino acids  that can be quantitated by HPLC 

t i v e  expected *as recovered af ter  each cycle. I n  no case *ere  ident i f ica- 
(15.26). it was calculated  that   at   least  705 of the  mount of each deriva- 

t ions   a t tmpted  w i th  a s igna l   to   no ise   ra t io   o f  less than 3. I n   a l l  cases, 

throughout. 
only a single sequence was observed. Repetative  yields ranged from 94-9)s 

CIRCULAR  DICHROISM  MEASURERNTS. Far ul t raviolet   c i rcular  d ichroism  spectra 
of   s ing le-  and two-chain i n h i b i t o r s  were obtained I n  the  laboratory of Dr. 
John R. Cann, University of Colorado  Medical Center, on a Cary 60 spectra- 
polarimeter  with a circular  dichroism  attachnent. Spectra were obtained on 
solut ions of the  single- and two-chain proteins  at  0.48 and 0.46 nq/ml, 
respectively. The solvent was 0.15 M NaCI/10 nH Tris-C1. pH 8.0. A c e l l  
w i th  a 1 m pathlength and a fu l l   sca le   se t t i ng   o f  0.04" were used. 

0 1 
Fract ion Number 

FIGURE 2. E lu t i on   p ro f i l e  produced by gel f i l t r a t i o n   o f  a mixture of S- 
pyridylethyl  single-chain and ta chain  inhibi tors.  The mixture 
of i n h i b i t o r s  has been obtained by chrmtography   o f  an extract 
o f  corn Seeds  on a t ryps in agarose column. 
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corn  t ryps in lact ivated Hagenan Factor i n h i b i t o r   i s  shown I n  Figure 1. The 
SEQUENCE  DETERMINATION. The strategy used i n  defining  the Sequence of   the 

f i r s t  40 residues o f   t he   i n tac t   i nh ib i t o r  were i d e n t i f i e d  by stepwise 
degradat ion  o f   the  in tact - inh ib i tor .   Fo l la ing  the  iso la t ion of t he   sp l i t -  
chain components by  gel f i l t r a t i o n  (Fig. 2) three  peptides were i d e n t i f i e d  
by sequence analysis:  intact  chain,  residues 1-36 (T-1) .  and residues 
37-112 (1-2). Edmn degradation of   pept ide T-2 placed  residues 37-76 and 
provided a 4 residue  overlap  with  the sequence Obtained  from the degrada- 
t i o n  of the  intact  inhibitor.  Peptide CE-2, isolated as  shown i n   f i g u r e  3 
a f t e r  cyanogen b r m i d e  cleavage, a l l w e d  placement of  residues 67-112. 

The over lapping  port ions  of   the  part ia l  sequences allowed unambigous posi- 
t i o n i n g  of a l l  fragnents and cmplet ion of the   inh ib i to r  sequence  as pre- 

analyses  (Table 1) indicates  that  the sequence  as presented i s   co r rec t  and 
sented in  Flgure 4. Good agreement between the sequence  and amino acid 

complete. A sunnary Of the  representative Stepwise yields, as estimated  by 
high-performance l i q u i d  chromatography, appears i n  Table 11. 

Each cyc le  o f   the Edman degradation  yielded  only one unit  residue per cycle 
wi th  a single  exception,  residue 91. A t  t h i s   s i t e  both  Ala and Glu with a 
r a t i o  of 2 : l .  respectively, were identi f ied. 

"~ CIRCULAR DICHROISM MEASURMENTS.  The far   u l t rav io le t   c i rcu lar   d ichro ism 
spec t rm  o f   t he   i n tac t   i nh ib i t o r   i s  shown i n  Figure 5. The c i r c u l a r  
dichroism spectrum of the  sp l i t -chain  inh ib i tor  was indistinguishable  (not 

and beta sheet we used a  least-squares program that forced  a sumation to 
shown) from  that of  the in tac t   inh ib i to r .  TO estimate  contents  of  helix 

lOoI of  the  estimates  for  helical.  beta sheet and irregular  Structures. 
Uith  poly-lysine  reference  spectra (27). we obtained  estimates o f  34'1 
h e l i x  and 24% beta  sheet for  the  corn  inhibitor. With the  reference 
spectra  of Chen fi. (28). the  estimates were 46% h e l i x  and  20% beta 
sheet. 

PREDICTED SECONDARY  STRUCTURE.  The rules o f  Chou and Fasman (29) were 
used to  predict  secondary structure.  including  beta  turns,  in  the  corn 
inh ib i tor   (F igure 6 ) .  Fourty-four  residues (3%) are  predicted t o  occur i n  
hel ices and 19 residues (17%) i n  beta sheets. The predicted  helices and 
sheets  are l a r e l y   l i m i t e d  t o  the  C-terminal  two-thirds  of  the  protein 

t i v e   s i t e  bond. 
sequence. Several  beta  turns  are  predicted.  including one near the  reac- 

~" 

FIGURE  3. Chmatogram  i l l us t ra t ing   the   i so la t ion  of fragnent CE-2 gener- 
ated by cleavage wi th  cyanogen bromide. Fragnent was isolated 

min. Chart speed. 1 ?m/min; pressure 88 atm; temperature, 23* C. 
by  appl icat ion of a  n-propanol gradient, from 0 t o  605 over 30 

Asp 6 6 4 1 1.0 1 1.1 4 4.0 5 4.5 
Thr 6 6:2(4) 2 1 B 1 1.0 3 3.5 4 3.2 
Ser 6 5.6(4) 4 316 1 1.0 1 0.8 2 1.9 
Glu 10.3 10.4 - 0.2 2 2.2 8.3 8.2 10.3 10.1 
Pro 14 13.5 6 5.7 3 3.9 5 4.6 8 8.1 
Gly 9 9.6 4 4.1 0 0.1 5 4.8 5 5.2 
Ala 11.7 11 6 2 2 0 3 3.0 6.7 6.3 9.7 9.2 

Met 1 1.3 - - 1 0.6 0 0.3 1 0.8 
Val 4 4:0(1) 2 1:7 - - 2 1.9 2 2.0 

I l e  6 6.3 2 1.7 2 1.8 2 1.7 4 3.8 
Leu 11 11.4 1 0.8 5 4.7 5 4.7 10 9.5 

Phe 1 1.0 - - Tyr 2 1.8 1 0.9 1 0.9 - - 1 0.5 
- - 1 0.2 1 0.6 

His 1 1.0 I 1.0 - - - 0.1 - 
LYS 1 1.1 - - 
PE-Cys 10 9.9 4 3.9 4 3.9 2 1.8 6 6.0 

1 0.9 - 0.2 1 0.6 

Arg 9 9.2 4 3.9 4 3.9 I 0.9 5 4.9 
Trp 3 3.3(2) 2 NO 1 ND - MI 1 ND 

(1) Averages of dupl icate 120hr hydrolysates. 
(2) Oetenined  after base hydrolysis i n  starch and expressed as the  ra t io  

(3) Values i n  sequence columns indicate  compositions determined from the 

( 4 )  Determined by extrapolat ion t o  zero hr  of  hydrolysis. 
(5) ND. not  detenined. 
( 6 )  Averages of dupl icate 24- ,  48-,  72-, and 120- h r  hydrolysates, except 

of His/Trp. 

sequence. 

where otherwise  noted. 



Corn Trypsin  Inhibitor 
FRAGMENT T-2 

680 nmol s degraded 

Residue No. h l n o  Acid 

I I I I 

200 220 240 

WAVELENGTH (nm) 

FIGURE 5. Circular  d ichroism spectrum of single-chain Corn i n h i b i t o r   i n  
0.194 NaCl, 1(MI Tris-HC1, pH 8.0. The points  are  actual data. 
The T i n e   i s   x e  least-squares  best fit using  the  reference 
spectra of Chen e t   a l .  (28). 

90 
H H H . - H H H H H H H H H H H H H H H H H H H H H H H H  

1w 110 

FIGURE 6. Predicted secondary s t ruc tu re   o f   the  corn i nh ib i t o r   m lecu le .  
The ru les  of Chou and Faman (181 were used to   p red ic t   t he  
posi t ions of helices,  beta sheets. and beta  turns.  Residues 
Dredicted t o  occur I n   h e l i c e s  and beta sheets are  indicated by H 
and 5 .  respectively.  Other  residues  are shorn as dots. n o s e  

predicted  turns  those four residue seqnents tha t  have Pt > 1.50 
Include  beta  turns. d i c h  are  indicated by  brackets. We show as 

X 10-4 and that  are  not   imwdiately  adjacent t o  o r  do not 
overlap  with  four  residue se-nts with  higher  Pt values. 

Cycle No. 

5 
6 
7 
8 
10  9 

1 1  
12 
13 
14 15 

16 
17 
18 

20 
19 

21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 

37 
36 

38 
39 
40 
41 42 

TABLE I1  

Yields and I d e n t i f i c a t i o n  of Pmducts 

o f  I n t a c t   I n h i b i t o r  and Selected  Fragnents 
Generated  by Automated Degradatfon 

500 mmls degraded 

Residue No. 

1 
2 
3 
4 
5 
6 
7 
8 
10 
11 
12 
13 
14 
15 
16 
I7 
18 
19 
20 
21 
22 
23 

25 
24 

26 

28 
27 

29 
30 
31 

33 
32 

34 
35 
36 
37 
38 

40 
39 

41 
42 

405 
192 

449 
w 
147 

NO 
437 
372 
374 
355 
344 
528 
281 

Nu 

273 
253 

276 
219 
85 
NO 
NO 
87 

148 
95 

NO 
NR 
No 

NR 
NO 

92 
80 
122 
48 
NO 
49 
NO 
51 
58 
20 
65 

40 
30 

1 
2 
3 
4 
5 
6 

s 
9 

1 0  
11 
12 
13 
14 
15 
16 

18 
17 

19 
20 

22 
21 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

34 
33 

35 
36 

38 
37 

40 
39 

Cycle No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

14 
13 

15 
16 
17 
18 

20 
19 

21 
22 

24 
23 

25 
26 

28 
27 

29 
30 

32 
31 

33 
34 

36 
35 

37 
38 

40 
39 

41 
42 
43 
44 
45 
46 

38 
37 Leu 

Pro 
39 Trp 
40 Pro 

42 Leu 
43 
44 

LY 5 
Arg 

45 Arg 
46 
47 

PE-Cys 
PE-CVS 

4i G1 

48 
49 
50 
51 

Ais 
Glu 
Leu 
A1 a 

58 
59 PE-Cys 
60 Thr 
61 A1 a 
62 Leu 
63 Ser 
64 I l e  
65 
66 

Leu 
Rt 

73 
74 

Gly 
ND 

75 A ~ P  
76 AI a 

FRAGMENT CB-2 

480 nmols degraded 

Residue No. h i n o  Acid 

68 
67 ASP 

69 A1 a 
70 I l e  
71 Pro 
72 Pro 

~- 
Gly 

73 Gly 
74 Pro 
75 ASP 
76 A I  a 
77 G1 n 
78 Leu 
79 
80 

Glu 
G ~ Y  

81 A1 a 
82 Leu 
83 G1 u 
84 ASP 
85 Leu 
86 
87 

Pro 
Gly ea PE-Cys 

89 Pro 
90 *rg 
91 AlalGlu 
92 
93 

Val 

94 
GI  n 
G1 n 

95 Gly 
96 Phe 

98 
97 

Ala 
AI a 

99 Thr 
100 Leu 
101 va 1 
1 02 
103 

Thr 
Glu 

104 A I  a 
105 
106 PE-Cys 

G1 u 

107 Asn 
108 Le" 
109 GI  u 
110 Thr 

112 
111 l l e  

ser 

Amount (nMoles) 

609 
54 7 
626 
470 

611 
532 

235 
546 

394 
M 6  

381 
574 

477 
)85 

297 
299 

290 
438 

290 
240 

ND 
ND 

NO 
109 

327 
269 

45 
267 
351 
170 

213 
123 

214 
174 
149 
194 
193 

NO 
92 
174 

h u n t  (nilolesl 

186 
395 
295 
402 
343 
333 
325 
243 
138 
256 

203 
104 

101 
169 
111 
163 
88 
82 
134 
98 
136 

ND 
60 
H) 

(40122) 
53 

29 
20 

57 
27 

100 
59 

8 
33 
35 
5 

11 
45 
16 

11 
No 

21 
11 

5 
19 
6 


