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Summary 

Hypodermln  A, a serme protemase from the larva Hypoderma hneatum, with 
a molecular weight of 27 000 was obtained m pure form by ion-exchange 
chromatography It is inhibited by  dnsopropyl  phosphofluorate,  a serme pro- 
temase inhibitor, bu t  not  by metallo or cysteme enzyme mhlbltors such as 
EDTA or thml reagents. In the same way,  it is fully inactivated by trypsin 
mhlbltors, bu t  not  by specific chymotrypsin  mhlb]tors. Its specffmlty, hmlted 
to carboxyl side of  argmme residue m B-chain of  msulm, IS more comphcated 
on other po lypephde  substrates. Sequence analysm suggests structural homol- 
ogy with H hneatum collagenase as well as with other  members of  the trypsin 
family. 

In t roduchon  

The first mstar larvae of  the fly Hypoderma hneatum are parasites of  domes- 
tm cattle. They migrate during 8 months  through the host  connective ttssue, 
whmh they degrade by excreted proteolytm enzymes. The mixture of  the 
proteolyt lc  enzymes and degraded protein then accumulates m the digestive 
tract of  the larvae, the presence of  proteolytm and namely collagenolytm actlv- 
tty m thin organ was demonstrated by  Lmnert and Throssel [ 1 ] and by Boulard 
[2].  Recently,  Lecromey et al. [3] characterLzed a homogeneous collagenase 
whmh can be obtained from the larvae m high yields. During the purification 

Abbrewatlons BAEE, N-~-benzoyl-L-argmme ethyl ester, BTEE, N-a-benzoyl-L-tyrosme ethyl es ter ,  
TAME, p-tosyl-L-argmine methyl ester, BAPA, N-a-benzoyl-L-argmme-p-mtroanthde, NPOB, p-mtro- 
phenyl-4-guamdlno benzoate hydro chlonde, TLCK, tosyl*lysyl chloromethyl ketone, TPCK, tosyl-phenyl - 
alamne chloromethyl k e t o n e .  
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steps, collagenase was separated from another protemase actmg on BAEE as 
substrate 

The simultaneous secretion of  extracellular collagenase and protemases of  
different speclhclty,  complementary m their action is common m many pro- 
caryotes. In the anaerobm Clostndmm htstolytwum, the two major extra- 
cellular protemases are a collagenase (EC 3 4 24 3)and clostmpain (EC 3 4.22 8), 
whmh preferentially cleave the argmyl bonds m synthetic and protem sub- 
strates [3,24] The aerobm Achromobacter zophagus simultaneously produces 
a collagenase (EC 3.4.24 8) and several protemases also acting on synthetic 
argmme substrates The simultaneous occurrence of  protemases with collageno- 
lyhc and trypsm-hke specificity was also observed m the fungus Entomoph- 
thora coronata (EC 3.4 21 33) [4] and other  fungi [5] 

Currently, only a few protemases from insects have been fully characterized 
as regards their achve sites. A chymotrypsm-lhke protease from the larva of the 
hornet  Vespa crabra was thoroughly studied by Jang et al. [6]. Inhlbltmn 
studies have shown that cocoonase from the moth Bombyx mort (EC 3.4.21.4) 
[7] as well as the /~-protemase from the blow fly Tenebno mohtor 
(EC 3.4.21.18) [8,9] are trypsm-hke protemases. The same is true for H 
hneatum collagenase whmh is homologous with trypsm [ 25] 

The observation that H hneatum larvae produce simultaneously with colla- 
genase, a protemase which acting on trypsin substrates prompted us to isolate it 
m pure form and to characterize some of its chemical and enzymatic properties 

The present s tudy puts forward the ewdence, that hypodermm A from H 
hneatum is a serme protemase structurally homologous with other members of  
the trypsin family which cleave preferentially the argmyl bond m the B-chain 
of  msuhn 

Materials 

Crude protease was a by-product  of  the purffmatlon of the collagenase from 
the larvae of H hneatum as described elsewhere [3].  Soybean trypsin inhibitor 
and chicken egg white p u n h e d  ovomucold were purchased from Sigma, cyto- 
chrome c, chymotrypsm,  serum albumin and B-chain of  insulin from Boehrmger; 
carboanhydrase from Serva and bovine pancreatm trypsin inhibitor from Wor- 
thington. Parvalbumm was prepared as described by Pech~re et al. [10]. 

N~-Benzoyl-D-argmme ethyl ester hydrochlomde, dusopropyl  phospho- 
fluoride, benzamldme and disodmm EDTA were obtained from Fluka, p-tosyl- 
L-argmme methyl ester hydrochlonde  and N~-benzoyl-D-L-argmme p-nitro- 
anfllde were purchased from Sigma. p-Nltrophenyl-L-guanldmo benzoate 
hydrochlomde, N-~-tosyl-L-lysyl chloromethyl  ketone,  N~-tosylphenylalamne 
chloromethyl  ketone were-products of  Merck and N~-benzoyl-L-tyrosme ethyl 
ester was from BDH Bmcher~mals. 

Dextran blue 2000, Sephadex G-100 were from Pharmacm and DE-32 cellu- 
lose from Whatman Bmchemlcals Ltd Sodium dodecyl  sulfate (SDS) (Sigma) 
was recrystalhzed from ethanol. 

Methods 

Purzfzcation of  hypodermm A The larvae of  H. lmeatum were pounded and 
centrifuged as prevmusly descmbed [3] The supernatant was passed through a 
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DE-32 cellulose column, equlhbrated with 50 mM Tns-HCI, pH 7 5, 50 mM m 
CaC12. The fractions of  the f~rst peak whmh present an esterase activity were 
pooled,  dialyzed against NH4HCO3 buffer 50 mM, pH 7.8, and lyophlhzed. The 
pure protease was obtained by  a gel filtration on Sephadex G-100 m 50 mM 
NH4HCO3 buffer,  pH 7.8. 

Esterase and amldase actw~ty Esterase act lwty was determmed by measure- 
ment  of  the cleavage of  BAEE (0.75 mM m 50 mM Tns-HC1 pH 7.5, 50 mM m 
CaC12) at 253 nm (Zelss PM Q III spectrophotometer)  as described by Schwert  
and Takenaka [11].  The hydrolysis of  TAME (1 mM m 40 mM Tns-HC1 pH 
8.1, 10 mM m CaCl:) was followed at 247 nm [12].  Tryptm amldase act lwty 
was determmed using BAPA as substrate (1 mM m 0.1 M Tns-HC1 pH 7.8, 25 
mM m CaC12), according to the method of  Erlanger et al. [13].  The method of  
Hummel  [12] with BTEE as substrate was used for chymot ryp tm actlvxty. 
Actlwty was expressed m umts (1 #mol  substrate cleaved per mm at 37°C) per 
mg of protem. 

Actwe site titration The t l tratmn of  the active site was camed  ou t  as described 
for trypsin by Chase and Shaw [14] The value was calculated from the burst 
of  p-mtrophenol  following the hydrolysis of  NPGB. 

Electrophoreszs. Sodmm dodecyl  sulfate (SDS)-polyacrylamlde gel electro- 
phoresls was performed according to the procedure of  Ames [15] ,  at pH 7.5 
usmg a 5--15% gradmnt, with bowne serum albumin, ovalbumm, chymotrypsm- 
ogen and cy tochrome c as standards. The protems were stained with Coomassm 
blue R-250. 

Molecular wezght determmatmn. The molecular weight of  the protease was 
determmed by the method of  Andrews [16] usmg a Sephadex G-100 column 
(0.9 X 100 cm) equilibrated with 50 mM NH4HCO3 buffer,  pH 7.8, and cah- 
brated with pure standard proteins as for electrophoresls, and by SDS-poly- 
acrylamlde electrophoresxs as described above. 

Dzsulf~de bond determmatzon. The senmtlve method of Weltzman [17] can 
discern between free thml groups and disulphides. The thml content  m hypo- 
dermm A (1 mg/ml m guanldme hydrochlonde ,  6 M m 50 mM acetate buffer,  
pH 4) before and during electroreductmn was determined spectrophoto-  
metmcally at 412 nm, after the reactmn with Ellman's reagent, 5,5'-dlthmbls(2- 
mtrobenzom acid). 

Amino aczd analyses. Amino acid analyses were performed with a Beckman 
Multmhrom B amino acid analyser. Samples were hydrolyzed m 5.7 N HC1 at 
l l 0 ° C  for 24, 48 and 72 h. Cysteme and methmnme content  was obtained 
after oxldatmn by the method of  Hits [18].  Tryptophan was determmed after 
hydrolyms with methane sulphomc acid according to Lm and Chang [19].  

Sequence analyszs. Automated  Edman degradatmn was performed m a 
Beckman 8 9 0 C  sequencer using d lmethylbensylamme buffer [20].  The 
phenyl thmhydantom dertvatlves of  the amino acids were determined by TLC 
[21] and by  high-pressure hquld chromatography [22] on a LDC apparatus. 

Temperature stabzhty and pH optzmum The thermal stability of  the 
protease was determined by mcubatmn of the enzyme (0.1 mg/ml m 0.1 M 
Tns-HCI pH 7.5, 50 mM m CaCI2) at different temperatures for 10 mm. The 
loss of esterase act lwty was measured with BAEE as substrate. To determme 
the pH opt imum,  esterase act lwty was measured with 10 mM BAEE m various 
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buffers (phosphate buffers: pH 3, 4.6, 5.5, 6.3, 7.5 and 8; carbonate-bmar- 
bonate buffers: pH 8.9, 9.9 and 10.4). 

Inhzbztzon studzes The effect of various trypsin mhlbltors (soybean trypsin 
mhlbltor, ovomucold, basic pancreatic trypsin mhlbltmn) on the actlwty of the 
protease was examined by premcubatmn of the enzyme and the inhibitor at 
varmus concentratmns for 15 mm, at 25°C, in the same buffer as for esterase 
act~wty. The residual esterase activity agmnst BAEE contammg the same con- 
centratmn of mhlbltor was then measured. The same method was used for 
mh]bltmn by ¢hlsopropyl fluorophosphate, TLCK and TPCK, EDTA and ben- 
zam~dme m excess at varmus incubation times and without premcubatmn. 

Spectftctty studws. Hydrolysis of the B-chain of msulm and of parvalbumln 
(0.5 mg/ml m 50 mM Trls-HC1, 50 mM CaC12 pH 7.5) by hypodermln A 
(enzyme to substrate ratm. 1/100) was carned out by mcubatmn at 37°C for 
4 and 16 h The analysis of the products was effected by automatm Edman 
degradatmn. 

Results 

Enzyme purzftcatton, homogenetty and molecular wezght. In Fig. 1 a typmal 
chromatographm pattern of the f~rst step of purlfmatlon obtained with a DE-32 
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Fig 1. C h r o m a t o g r a p h y  o f  c rude  e x t r a c t  o f  t t  l m e a t u m  larvae on  DE-32  cel lulose A c o l u m n  (17 X 2 c m )  
was  eq tn l ib ra t ed  w i t h  50 m M  Tns-HC1 b u f f e r  p H  7.5,  50 m M  m C~CI 2. A s tepwlse  e lu t ton  was  m a d e  by  
s u b s e q u e n t  a p p l i c a t i o n  o f  t w o  Trls-HC1 b u f f e r s  (1)  50 m M  Trls-HCl b u f f e r  pH  7.5 a d j u s t e d  to  a c o n d u c -  
t ance  of  25 m S  wi th  NaCI, (2)  50 m M  Tzls-HCI b u f f e r  pH  7 5 a d j u s t e d  to  a c o n d u c t a n c e  o f  40  m S  w i t h  
NaCI The  f l o w  ra te  was  10 m l / h ,  f r a c t i o n  v o l u m e s  2 5 m L  All p r o c e d u r e s  were  ca r r i ed  ou t  a t  4 ° C  
• ~, a b s o r b a n c e  a t  280  n m , •  . . . . . .  4 B A E E  a c t l w t y .  
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Fig. 2 C h r o m a t o g r a p h y  of  ptaufled H. hneaturn p r o t e m a s e  on  Sephadex  G-100 .  A c o l u m n  (100 × 0.9 c m )  
was  equLhbra ted  m 50 m M  N H 4 H C O  3 buf fe r ,  pH 7.8.  The  f low ra t e  was 10 ml /h ,  f r a c t m n  v o l u m e s  
2 5 ml  • -', a b s o r b a n c e  a t  280 n m , •  . . . . . . . . . . .  A BAEE act lv~ty,  • - • ,  specific a c t i w t y  

cellulose column can be seen. The first peak contains the major BAEE activity 
and the last represents collagenolytm actlwty.  

After lyophflLzatmn, the pooled material of  the first peak was apphed to a 
column of Sephadex G-100 (Fig. 2). Only a small amount  of  reactive protem 
separated from the second peak contammg all the proteolytm actlwty w~th an 
homogeneous specific act lwty along the peak; this was pooled and lyophihzed. 

The ymlds and actlwtms of  the products  of  the two steps of  punfmatmn are 
summarized m Table I. Gel electrophoresls m the presence of  SDS demon° 
strates the homogenei ty  of  the enzyme (Fig. 3). 

The apparent molecular weight of  the protemase as estimated by  means of  a 
Sephadex G-100 column was 27 000 whmh agrees with the value obtamed by 
SDS-polyacrylamlde electrophoresLs. 

A mzno aczd composztzon and sulfhydryl groups determmatzon. The results of  
the amino acid analyses are presented m Table II, m whmh they are compared 
with ammo acid composl tmns of  varmus serine protemases of  similar molecular 
weight. 

Four  sulhydryl groups are obtained by electroreduction of disulfide bonds 
and substxtutmn by Ellman's reagent (Fig. 4). 

Temperature stabdzty and pH optzmum The loss of  esterase act lwty of  
hypodermm A with the increase of  temperature is shown m Fsg. 5A. Below 

T A B L E  I 

R E C O V E R Y  A N D  SPECIFIC  A C T I V I T Y  R E S U L T I N G  F R O M  P U R I F I C A T I O N  STEPS OF H Y P O D E R -  
MIN A 

P u n h c a t s o n  s tep  Wesght Spec~hc actsvlty R e c o v e r y  
(mg)  (BAEE,  U / m g )  

Crude  500 98 100 
DE-32  cellulose 122 341 85 
S e p h a d e x  G-100  85 468  81 
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Fig.  3 S D S - p o l Y a c r y l a m l d e  slab get e l e c t r o p b o r e s l s  o f  h y p o d e r m m  A m 5 - - 1 5 %  grachen t ,  p H  8 .8 .  S t an -  
d a r d  p r o t e i n s .  1 a n d  4 a ,  b o v i n e  s e r u m  a l b u m i n  ( 6 8 0 0 0 ) ,  b ,  a ldo l a se  ( 4 0 0 0 0 ) ,  c,  chymotrypsinogen 
( 2 5  7 0 0 ) ,  d ,  c y t o c h r o m e  c (11 7 0 0 )  A f t e r  D E - 3 2  ce l lu lose  c o l u m n  (2) ,  a f t e r  S e p h a d e x  G - 1 0 0  (3)  

Fig 4 E l e c t r o r e d u c t l o n  o f  h y p o d e r m m  A S u l f h y d r y l  gToups were  d e t e r m m e d  b y  E U m a n ' s  r e a g e n t .  

55°C, no loss of  act lwty was observed during an mterval of  10 min, but  a 
drastic inactivation occurred above this temperature .  At room temperature  and 
37°C the esterase was unchanged for 24 h. 

The effect  of  pH on the activity is illustrated m Fig. 5B. The enzyme shows 
maximum actlwty in the pH range of  7--8.5. 

Specificity. Hypodermln  A exerts esterase and amldase activity on the same 
synthetic  substrates as t rypsm (BAEE, TAME and BAPA) with a 3-times higher 
specific activity with BAEE as substrate. It  is wi thout  effect  on chymot ryp t i c  
substrate, contmnmg an aromatic ammo acid residue (BTEE). A special 
ment ion should be made on the t i t rat ion of  the protemase by the active site 
t i t rant  NPGB. At pH 8.3 the same burst of  p-ni t rophenyl  as In the case of 
t rypsm occurs f rom the hydrolysis of  the substrate, whereas a 2-fold increase of  
the number  of  active sites per mg of  hypode rmm A is observed with the 
decrease of  pH f rom 8.3 to  3.8. 

The hydro ly t ic  specificity on polypept lde  substrates is examined with the 
B-chain of  msuhn and parvalbumin as substrates. In the case of the B-chmn of  
msuhn,  the results are the same at two different  times of mcubatmn,  the 
cleavage occurs only at one bond,  at the carboxyl  side of  Arg22. Under the 
condit ions used, we cannot  observe the cleavage of the Lys29-Ala30 bond,  
typical for  the action of  trypsin. 

A more complicated result IS obtained when parvalbumm is used as sub- 
strate: this protein contains 14 lysme and one argmme residue(s). At least four  
bonds are cleaved, which excludes an analogy m specificity with clostnpam 
[23].  
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Fig.  5 T e m p e r a t u r e  s tabi l i ty  at  p H  8 5 after  i 0  m m  of  m c u b a t z o n  (A) a n d  pH o p t i m u m  of  a c t lm ty  (B) of  

h y p o d e r m i n  A 

Inhzbztors. All trypsm mhlbltors tested also inhibit hypodermln A; the 
results are summarized m Fig. 6A. The low molecular synthetic mhibitors of  
trypsm, dnsopropyl fluorophosphate or TLCK (non-competltwe) as well as 
benzamldme (competitive) act on the activity of  the msect protemase. The 
analogy with trypsm is strenghtened by the fact, that TPCK the aromatic inhi- 
bitor of chymotrypsm, is without action. 

Results demonstrating the analogy with trypsin are also obtained with the 
natural polypeptlde mhlbltors as it can be seen m Fig. 6B0 Hypodermm A is 

4C 

tO0 

90 

80 

"/a 

6C 

5C 

4( 

30 

20 

10 

t • 

| i I I ~  
t0 20 30 40 50 00 

I n c u ~  Time (mm) 

B 

0, 25 O,S 0,75 1 

'/E 

Fig 6. Inhibl t~on of  h y p o d e r m m  A ( e n z y m e  c o n c e n t r a t l o n  10 nM zn 0 05  M T n s - H C I / 0 . 0 2  M CaCI 2 
bu f f e r ,  p H  7, a t  25°C) .  (A)  E f f e c t  o f  l o w  m o l e c u l a r  synthetac  Inhlb i tors .  • . . . . . .  u, 1 m M  E D T A .  
• . . . . . .  o, 0 .5  m M  T P C K ,  • A, 0 .25  m M  b e n z a m l d i n e ,  o---------~, 0 .5  m M  T L C K  a n d  A . . . . . .  4 
50 /~M d l l sop ropy l  f l u o r o p h o s p h a t e  (B) E f f e c t  o f  natttral p o l y p e p t l d e  tnhzbl tors  Percentabqe o f  r e m a l n i n g  
act tv i t les  are e x p r e s s e d  vs. Inh lb l tor  e n z y m e  molar  rat lo  • --, baszc pa nc re a t i c  t r y p ~ n  m h i b l t o r ,  
o . . . . . .  o,  s o y b e a n  t ryps i n  i n h l b l t o r  and  • 6 o v o m u c o l d  
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completely inhibited both by the soybean trypsm inhibitor and the bovme 
pancreatic trypsin inhibitor, m a one to one molar ratio. Under the same con- 
dltlons, the inhibition by ovomucold is only 90%. 

N-terminal sequence Results obtamed by automatic Edman degradation are 
presented in Table III m which 18 amino acids, obtained without  ambiguity, 
are compared with the amino acid terminal sequences of other serme protein- 
ases and in particular with H hneatum collagenase. 

Dtscussion 

Hypodermm A together with a collagenase are the two major protemases 
found m the digestive tract of the larvae of H hneatum. Its relative thermal 
stability helps us to understand why it accumulates intact during the 8 months 
of travelhng of the larvae through the body of the host mstead of being Inacti- 
vated This stability is also favourable to the task of obtaining the homo- 
geneous enzyme m few purification steps. At the early stage of the study, the 
inhibition studies indicated that  hypodermln A belongs to the group of serme 
protemases. It is mhlblted by dusopropyl fluorophosphate but not by thlol 
reagents or EDTA This result, together with the susceptibility of hypodermm 
A to TLCK provides strong evidences that,  m this enzyme, serme and hlstldme 
are both revolved in the active center. The lack of inhibition by TPCK as well 
as the speclfm binding of the enzyme to natural peptldm trypsm mhlbttor 
shows a possible slmilamty of  its active center with that of trypsin rather than 
with that of chymotrypsm.  

In terms of catalytm actlwty, hypodermm A is close but not  identical to 
trypsin. Trypsin ester and amlde substrates are well hydrolyzed m contrast to 
the corresponding chymotrypsln ester substrate. However, the specific activity 
of hypodermm A on BAEE IS around 3-times higher than that  of trypsin. 
Durmg the titration of the active site, the same burst of acylatmn of the 
enzyme at neutral pH can be observed as in the case of trypsin with the same 
loss of deacylatmn rate However, at low pH (3 8) where hypodermln has no 
esterolyt~c activity, an increased number of active sites per mg are tltrated 
which is quite different from the action of trypsin. A similar effect, e.g. the 
increase m titration value of active sites at acldm pH was also observed with 
cocoonase [7]. This could be related to the difference m the mnLzatlon of some 
residues in the bmdmg pocket of the protelnases. More evidence for the differ- 
ence from trypsin IS that  hypodermm A selectively cleaves the bond Arg~2- 
Gly23 m the B-cham of insulin without  hberatmg the C-terminal alanme by the 
cleavage of the bond Lys:9-Ala30 as trypsin does. 

Despite the phylogenic proximity,  hypodermin A is no closer in amino acid 
composition to another insect protemase, cocoonase from the silk moth 
(Bombyx  mort) [7] than to serme protemases from other sources. The most 
pronounced mdmatlon of the structural similarity of hypodermm A with the 
family of trypsin is the N-termmal sequence. In other serlne protemases these 
N-termml are created by the actlvatmn of thetr zymogens. It also seems to indi- 
cate that  hypodermin A and H hneatum collagenase are formed from an 
inactive precursor, although at the present tune, direct evidence is lacking. On 
the other hand, the structural homology of hypodermln A with a collagenase 
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f rom the same course mdmates thetr development  f rom a common  ancestral 
gene product .  

Acknowledgements 

We are grateful to  Mr. L. Bagflet and Mrs. B.T.T. Nhung for technmal assm- 
tance and Mr. De Wolf for sequence analyses. 

References 

1 L1enert, E and Throssel, W (1955) Expl Paramt 4, 117--122 
2 Boulard, C. (1970) C Acad. Scl Paris 270. 1349--1351 
3 Lecrotsey, A ,  Boulard, C and Ketl, B (1979) Eur J, Blochem 101 ,385- -393  
4 Hurlon, N., Fromentm,  H and Ke11, B (1977) Comp. Blochem Physlol 56B, 259--264 
5 Nordwig. A. and Jahn. W F (1968) Eur J B1ochem 3, 519--529 
6 Jang, K D., Hang, H ,  Pfleiderer, G and Ishay, J (1978) B1ochenustry 17, 4675--4682 
7 Kafatos, F C ,  Law. J.H and Tartakoff,  A M (1967) J. Blol Chem. 242, 1488--1494 
8 Applebaum, S W ,  BLrk, K ,  Harpoz, I and Bondl, A (1964) Comp Blochem Physlol 11, 85--91 
9 Pflelderer, G and ZwLUing, R, (1966) Blochem Z 344 ,127 - -140  

10 Pech~re, J . F ,  Dematlle, J. and Capony, J P (1971) Blochlm Blophys Acta 236,391---408 
11 Schwert, G.W and Takenaka, Y. (1955) Blochun Blophys. Acta 16, 570--575 
12 Hummel,  B C W. (1959) Can J. B1ochem. Physlol. 37. 1393--1399 
13 Erlanger, B F., Kokowsky,  N and Cohen W (1961) Arch B1ochem Blophys. 95, 271--278 
14 Chase, T ,  Jr and Shaw, E. (1967) Blochem. B1ophys Res Commun.  29, 508--514 
15 Ames, G F.L (1974 ) J  B1ol Chem. 249 ,634 - -644  
16 Andrews, P (1964) Blochem. J 91 ,222 - -233  
17 Weltzman, P D.J (1976) Anal Blochem. 76, 170--176 
18 H~s, C H W (1967) Methods Enzymol.  11, 59 
19 LIu, T Y  and Chang, Y H ( 1 9 7 1 ) J  Blol Chem 246 ,2842 - -2848  
20 Hermodson, B A., Encsson, L H ,  Tltani, K ,  Neurath. H and Walsh, K.A (1972) Bmchemlstry 11, 

4493--4502 
21 Bndgen, J ,  C~affeo, A P., Karger, B L and Waterheld,  M D. (1975) m Ins t rumenta t ion  m Amino 

Amd Sequence Analyms (Perham, R N ,  ed.), p 111, Academic Press, New York 
22 Frank, G and Struber, W (1973) Chromatographm 6. 522~524  
23 GKles, A.-M, Imhoff, J -M and Kefl, B (1979) J Biol. Chem. 254, 1462--1468 
24 Lecrmsey, A ,  De Wolf, A and Kefl, B (1980) Blochem Bmphys Res Commun 94, 1261--1265 
25 I-Iruskas, J F ,  Law, J H and Kezdy, F ( 1 9 6 9 ) J  Blochem Bmphys Res Commun 36, 272--277 
26 Shot ton,  B M and Hartley, B S (1970) Nature (London)  225, 802--806 
27 Walsh, K A and Neurath, H (1964)Proc  Natl Acad Sm U.S.A 52, 884 
28 Makes, O ,  Holeysovsky, V ,  Tomasek,  U and Sorm, F (1966) Bmchem Bmphys Res Commun 24, 

346---352 
29 Winter, W P. and Neurath,  H (1970) Bmchemistry 9, 4673--4679 
30 Hartley, B.S (1964) Natuze (London)  201, 1284--1287 
31 Kafatos, F C,  Tartakoff,  A M and Law, J.H (1967) J Bml Chem 242, 1477--1487 
32 Brown, J R and Hartley, B.S. (1966) Blochem. J 101 ,2 14 - -228  


