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Summary 

One of the frachons obtained by  the carboxymethylcellulose 1on-exchange 
chromatography of  northern copperhead (Agk,strodon contor tnx  mokasen) 
venom prevented the thrombm-mduced clotting of fibrmogen by  proteolytl-  
cally degrading the fibrmogen. The active component  has been further punfmd 
to apparent electrophoretm homogenei ty  by molecular reeve chromatography.  
Sodmm dodecyl  sulfate (SDS)-polyacrylamlde gel electrophoresm mdmated a 
molecular weight of  22 900 + 600 for the pumfied enzyme. In addition to its 
fibrmogenase achwty ,  it catalyzed the hydrolyms of  hide powder  azure and had 
an mtrapemtoneal LDs0 value m mine of  less than 5.1 #g/g body  weight. The 
enzyme rapidly destroyed flbrmogen's ability to form clots. Electrophoresm of 
fibrmogen whmh had been incubated only a few minutes with the fibrmogenase 
revealed the rapid dmappearance of  the a~hmn  and the appearance of  lower 
molecular weight fragments. The neutral pH opt imum and ethylenedmmme- 
tetraacetm acid (EDTA) and dlthmthreltol  senmtlwty mdmated that thin 
enzyme belonged to the class metalloprotemases. Atomm absorptmn studms 
have revealed one zinc a tom per molecule of  protein. The apoenzyme's  activity 
was restored by mcubatmn with ZnC12. 

Introduction 

Ouyang and hm associates [1--10] have molated several factors from Aman 
crotalld venoms whmh prevent the normal clotting of fibrmogen Some of these 
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have no proteolytm actlwty,  but  rather mteract  with pro thrombm or with 
phosphohplds to mhlblt  clotting. Others are fibrmo(geno)lytm protemases 
whmh appear to have either a specffm actmn on the a-chain (a-flbrmogenases) 
or preferentmlly at tack the fl-cham (fl-fibrmogenases) of fibrmogen. Anti- 
coagulant proteins from Naja nzgncolhs have been assocmted with phos- 
phohpase A2 act lwty [11] Vlpend venoms contmn both flbnnogenase and 
phosphohpase antmoagulants [12,13] 

Although whole northern copperhead (Agk~strodon contortr,x mokasen) 
venom has been shown to cause both  whole plasma and purified fibrmogen to 
clot [14],  evidence presented m this report  will show that this venom also has a 
component  whmh has an adverse effect upon clotting. Moran and Geren [15] 
have prewously reported the separatmn of northern copperhead venom into 
distract fractmns by ran-exchange chromatography Using their nomenclature,  
the fractmn of interest m this report  is the FII fractmn. This fractmn has been 
prevmusly shown to contain no L-ammo acid oxldase, phosphohpase or 
arglmne-ester hydrolytm act lwty under the condltmns assayed, but  it does have 
protemase activity [ 15]. This is true regardless of  the subspecms of copperhead 
venom whmh is used as the mltlal source of FII [16,17].  The current report  
describes the presence of  a flbrmogenase activity m this fractmn, the further 
punficatmn of the compound responsible for th,s activity from FII, and finally, 
the propertms of  th~s enzyme. 

Materials and Methods 

Lyophlhzed northern copperhead (A c mokasen) venom was purchased 
from both  Sigma Chemmal Co., St. Lores, MO and the Miami Serpentarmm, 
Miami, FL. The FII fraction of  this venom was prepared by CM-cellulose 1on- 
exchange chromatography as previously described [16] 

Molecular stove gels and reagents for SDS and discontinuous polyacrylamlde 
gel electrophoresls were purchased from Blo-Rad Laboratories, Rmhmond,  CA. 
Bovine fibrmogen type  I (78% clottable),  bovme serum albumin, bovine hemo- 
globin, cross-hnked hemoglobm electrophoresls standard, soybean trypsin 
mhlbltor, egg white trypsin inhibitor, dlthlothreltol,  N-ethylmalelmlde and 
phenylmethylsulfonyl  fluoride were obtamed from Sigma Chemmal C o ,  St 
Lotus, MO. Hide powder azure, thrombm-free bovine fibrmogen (98% clott- 
able), human thrombm (approx. 2500 NIH umts per mg protein) and pronase 
were purchased from Calblochem, La Jolla, CA. All other reagents were of 
analytmal quahty 

SDS gel electrophoresls was performed by the method of  Weber and Osborn 
[18],  while discontinuous polyacrylamlde gel electrophoresls was by the 
method of Ornstem [19] and Daws [20].  

Spec t rophotometnc  determmatmns were performed with a Gflford Model 
252 up-dated Beckman DU. Generally, protein concentratmns were estimated 
by absorbance at 280 nm (A280), assuming an extmctmn coefficmnt of 1.0 for a 
1.0 mg/ml solutmn. However, an extmctmn coefficmnt of 1.95 was used to 
estunate thrombm concentratmn [ 21]. 

The followmg assays were used to determine the effects of  the fibrmogenase 
on the clot-forming ability of fibrmogen Flbnnogen (78% clottable) was dis- 
solved m a 20 mM Tns-HCl-buffered normal sahne, pH 7.4, at 5 mg/ml. Frac- 



163 

tlons collected by molecular stove chromatography were profiled for flbrmo- 
genase actlwty by mcubatmg 0.3 ml of the the f lbnnogen solution with 25 pl 
ahquots from sample tubes for 10 mm, addmg 0.4 ~g thrombm and observing 
the solution for up to 1 h for clot formation.  Percent clottable protem was 
determmed by incubating 1 ml of the flbrmogen solution with 10 ~g of the 
flbrmogenase at room temperature and addmg 0.75 pg thrombm (1.875 umts) 
at various times. This amount  of th rombm consistently mduced clotting m 
50--60 s m the absence of the flbnnogenase. After an additional 10 mm, the 
solution was centnfuged for 5 mm at maximum speed m a chnmal centrifuge 
and the protein concentration of the supernatant was determined spectro- 
photometncal ly .  F,brmolytm activity was assayed by mcubatmg clots formed 
by th rombm m the presence of the flbnnogenase at room temperature for 15 h, 
crushing the clots to extract the fluid portmn,  centrifuging for 5 mm at maxi- 
mum speed m a chnmal centrifuge and companng the protem concentratmn of 
the supernatant to that  of clots formed m the absence of the flbnnogenase 
whmh were treated m the same manner. 

In other experiments, the flbrmogen solutmn (98% clottable, 5 mg/ml m 5 
mM sodmm acetate, pH 6.5) was incubated at room temperature with 10 ~g 
f~brmogenase/ml and ahquots were removed at intervals for SDS electro- 
phoresls. Each aliquot was incubated for 20 h at room temperature with an 
equal volume of 4% SDS/4% mercaptoethanol/10 M urea pnor  to electro- 
phoresls [9]. Gels were scanned at 600 nm with a Gflford spectrophotometer 
equipped with a hnear transport accessory. Peaks produced by the a-, ~- and 
7-chains of f lbnnogen were cut out of the chart paper and weighed on an 
analytmal balance m order to quantltate the areas under the peaks. 

The hydrolytm activity of FII against hemoglobin and bowne serum albumin 
was assayed essentially by the acid-soluble protein method of Murata et al. 
[22], agmnst collagen by the method of  Mandl et al. [23] and agmnst elastm by 
the method of Sachar et al. [24]. Actlwty agmnst hide powder azure [25] was 
accomphshed as follows the hide powder concentratmn was 5 mg/ml m 20 
mM Tns-HCl-buffered normal saline. Incubatmn was done routinely at 37°C 
and for 1 h. Unsolubfllzed hide powder was removed with a chmcal centri- 
fuge and the solubil~zed material was quant, tated by absorbance at 595 nm. 
This substrate proved convement for routine assays and was used to optimize 
the proteolytm actlwty for pH and temperature. Unless otherwise mdmated, 
hide powder hydrolytm activity is shown simply as the increase m absorbance 
at 595 nm per h. Enzyme mhlbltors and protein modffmatmn reagents were 
tested for effectiveness by mcubatmn with the enzyme for 30 mm at room 
temperature pnor  to starting the hide powder assay. 

The metal dependence of the enzyme was determined by dialysis for 20 h 
agmnst 100 vol. of 100 mM sodmm acetate, pH 6.4, contmnmg 20 mM EDTA. 
The enzyme was reconsti tuted by agmn dialyzing the enzyme for 20 h agmnst 
100 vol. of 100 mM sodmm acetate, pH 6.5, contmnmg 10 mM ZnC12. 

Atomm absorptmn spectroscopy for zinc, calcmm and magnesium was 
accomphshed with a Perkm-Elmer Model 303 with an mr/acetylene flame. 
Solutmns of protein (mg/ml) were used directly, and the metal content  was 
estunated by comparison with standard curves for each catmn obtmned at the 
same time. The calcmm standard solutmn was prepared with pnmary  standard 
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calcmm carbonate,  magnesium and zinc solutmns were prepared by the direct 
actmn of hydrochlonde on the pure metals. The presence of mg/ml protein did 
not  quench the contr lbutmn of known amounts of  added standards. 

TEX: (ICR) AM albino mice obtmned from Tlmco Breeding Laboratories, 
Houston,  TX, were used for both lethality and hemorrhage studies Lethal dose 
50% (LDs0) was estimated by the method of Reed and Meunch [26].  Hemor- 
rhage was estimated by subcutaneous lnjectmn between the shoulder of larger 
(28--30 g) mice. The buffer was 20 mM Tns-HCl-buffered normal saline, pH 
7.4, and the total volume rejected was held at 0.5 ml. Animals were ktlled and 
autopsmd 4 h post-injection. Hemorrhage size was estimated on scale 0--4. 

Results 

FII, as obtmned by  CM-cellulose 1on-exchange chromatography [16],  caused 
mild hemorrhage with 90 ~g protein, causing a 1.5 and 135 pg a 2.5 hemor- 
rhagm lesion, respectively. FII had an lntrapentoneal LDs0 m mice of 5.1 gg/g 
body weight. Eight mice were used for this determination and three survived. It 
did have proteolyt lc  activity as reported earlier [ 15--17] 

Fig. 1 illustrates a typical further purification of  FII by molecular sieve 
chromatography on Blo-Gel P-100. The lower molecular weight peak (centenng 
on fractmn numbers 35 and 36) obtmned by thin procedure contmned all of  the 
protelnase activity of this fraction as determined by hide powder  azure hydro- 
lysis and prevented the thrombln-lnduced clottmg of flbrlnogen. This material 
was lethal, but  It caused no hemorrhages in mice. That activity resided m the 
higher molecular weight peak. As shown m Fig. 1, the specific act lwty for the 
hide powder  hydrolyt ic  activity was fmrly constant across the peak. SDS and 
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Fig 1 Separataon of FII by molecular sleve chromatography 15 mg protein was apphed to a 1 X I00 cm 

P-100 column and eluted wlth 100 mM sochum acetate, pH 6 5, m I 2 ml fractlons The locatlon of hlde 

powder hyctrolytm actlwty ss mchcated by o, while × shows the hlde powder actlvlty (m A59 s solu- 

blhzed/h) per mg of enzyme The column was run at room temperature 
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dlscountlnuous polyacrylamlde electrophoresls gels of the proteolyt lc  peak 
showed a single band. The SDS system indicated a molecular weight for this 
protem of 22 900 + 600 as compared to the migration of  cross-linked hemo- 
globin standards. This number  is the average with 1 S.D. of  four measurements.  
The reduced enzyme had the same apparent molecular weight, so the protein 
consists of  a single polypept lde chron. Molecular stove chromatography (P-100) 
gave a molecular weight of  23 500 based on the separation of  blue dextran, 
bovme serum albumin, ~-lactoglobulln, myoglobln and potassium ferricyanide. 

26 mg of FII was obtained from 300 mg of whole venom. From the 26 mg 
of FII, 17 mg of purifmd protemase was obtmned,  and the specific act iwty of  
the hide powder  hydrolyt ic  activity increased from 39.7 to 63.7 Asgs solu- 
bihzed/h per mg. (Some vanatmn in this value occurred among the several times 
this procedure was completed.  For example, the speclfm act iwty across the 
peak in Fig. 1 is approx. 35). The recovery of  the hydrolytm activity was essen- 
tially 100%. An LDs0 value was not  determined for the highly punfmd enzyme, 
bu t  two mice rejected mtraperItoneally with 5.6 pg of  proteIn/g body  weight 
and one with 8.0 pg/g died, while two injected with 2.8 ~g/g survived. The 
LDs0 for FII as reported here was 5.1 ~g/g and the value for whole venom was 
9.1 ~g/g as reported earlier [15].  

Flbrinogenase activity coincided with the protemase and was not  found in 
the higher molecular weight protein peak. Table I shows the effect  of  this 
enzyme on the ability of  fibrlnogen to form thrombm-mduced clots Although 
the flbnnogenase apparently has a rapid effect,  when thrombln and the 
fibnnogenase were added simultaneously to flbrinogen, clotting occurred m 
the same length of  time as when thrombin was added In the absence of the 
flbrmogenase. In addition, incubation of  thrombln with the flbrinogenase (0.75 
~g thrombln/10 ~g flbrinogenase) for up to 0.5 h at room temperature did not  
affect thrombin's  capacity to induce clots. Clots formed In the presence of the 

T A B L E  I 

D E C R E A S E  IN  C L O T T A B L E  P R O T E I N  W H E N  F I B R I N O G E N  IS I N C U B A T E D  W I T H  T H E  F I B R I N O -  
G E N A S E  

T y p e  I b o v i n e  f l b r m o g e n ,  5 m g / m l  m 20 m M  T n s - H C l - b u f f e r e d  sal ine,  p H  7 4,  wa s  incuba ted  at  r o o m  
t e m p e r a t u r e  w i t h  10  /~g/ml o f  ant i coagu lant  prote in  The  a b s o r b a n c e  a t  2 8 0  n m  o f  5 m g  f i b r m o g e n / m l  m 

the  a b s e n c e  o f  e i the r  a n t m o a g u l a n t  o r  t h x o m b m  is 4 80 ,  a n d  78% o f  thin p r o t e i n  L$ c lo t t ab le  T h r o m b m  
(0 75  ~g ,  1 8 7 5  N I H  u m t s )  was  added  af ter  the  ind ica ted  t i m e s  o f  i n c u b a t i o n  w i t h  the  an t4coagu lan t  p ro-  
te rn  D a t a  are  t he  average  o f  d u p h c a t e  or q u a d r u p h c a t e  s a m p l e s  Percentage  o f  c lo t tab le  prote in  was  cal- 

cu l a t ed  b y  the  f o r m u l a  (1 0 0 - - A 2 8 0 / 4  8)  × 100  

Tlrne E f f e c t  o f  t h r o m b m  A 2 8 0  o f  % Clo t t ab le  
( m m )  s u p e r n a t a n t  p r o t e i n  

0 H a r d  c lo t  m 50---60 s 1 07 77 7 

1 H a r d  c lo t  m 6 0 - - 7 0  s 1 00  79 2 

5 S o f t  c lo t  m 3- -4  m m  1 35 71 9 

10  Inc rease  m tu rb lch ty ,  b u t  n o  c lo t  1 94  59 6 
15 2 49 48 0 
20  2 85 40  6 
30 3 32 30  8 

60  No  inc rease  m t u r b i d i t y  4 41 8 0 
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flbrmogenase were allowed to incubate an addltmnal 15 h at room temperature 
and compared to clots incubated for the same length of time but formed m the 
absence of the flbnnogenase. The A280 of the supernatant of the former was 
2.40 -+ 0.20 as compared to 1.05 + 0.08 for the controls, mdmatmg that  some 
flbrmolysls did occur 

Fig 2 illustrates that  a d~rect effect of the enzyme on flbnnogen can be 
observed by SDS-polyacrylamlde gel electrophoresls after only a few minutes 
of mcubatmn at room temperature. The molecular weights of the different sub- 
umt  chains of flbnnogen obtmned m these experiments agreed favorably with 
data reported by Plzzo et al [27]. A comparison of the results illustrated by 
Fig. 2 with the data m Table I shows that  the rapid disappearance of the a-sub- 
umt  of f lbnnogen m the presence of the flbrmogenase Ls correlated with the 
decreased ability of flbrmogen to form thrombm-mduced clots. Coincident 
with the disappearance of the a-chains was the appearance of a doublet of 
molecular weights 44 000 and 42 000 and a smaller 23 000 molecular weight 
fragment. 

Quantl tatmn of the areas under the peaks of the electrophoresls gel scans 
revealed no decrease m either the ~- or 7-chains over the 60 mm time of the 
experiment, showing that  the doublet  and the 23 000 dalton fragment result 

chain 
a chain -64,000 
~' chain -48 ,000  

02,000 

Fig 2 TLme-dependen t  e f fec t  of  the  f lb rmogenase  on  h b n n o g e n  s u b u m t s  as revea led  by  SDS-polyacry l -  
amlde  gel electrophoresL~ Bovine f l b r m o g e n  (98% clo t table ,  5 m g / n d  5 m M  s o d m m  ace t a t e ,  pH 6 5) was  
i n c u b a t e d  wi th  10 /~g a n t l c o a g u l a n t / m l  for  1 h a t  r o o m  t e m p e r a t u x e  Pro te in  samples ,  125 /~g each,  w e r e  
r e m o v e d  f r o m  the  i ncuba t ion  mlx tuxe  a t  var ious  t imes  an d  c o m p a r e d  to  f l b n n o g e n  i n c u b a t e d  in t h e  

absence  of  the  an t i coagu lan t  The  pros near  the  b o t t o m s  of the  gels indica te  the  mig ra t i on  of  the  b r o m -  
pheno l  blue t rac lung  dye  Gel  A,  0 t i m e  i nc uba t i on ,  B, 1 m m ,  C, 5 mln ,  D,  60 r a m ,  gel E shows  f l b n n o g e n  
i n c u b a t e d  60  m m  m the  absence  of the  an t i coagu lan t ,  an d  gel F shows  the  mlgxat lon  of  cross- l inked 
h e m o g l o b i n  s t andards  
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pnmarfly from the degradation of  the a-chains. 
As the higher molecular weight peak obtmned from P-100 chromatography 

had no hide powder  hydrolyzmg activity, the following expenments  were con- 
ducted with the less pure F I I m  an effort  to further charactenze the compound 
whmh acts on f ibnnogen and hide powder  azure. Since earher work [15] had 
shown that FII had a weak hydrolytm activity with casein, bovine hemoglobin 
and serum albumin, elastm orecm, elastm Congo red and collagen were tested 
as substrates. Neither hemoglobin nor albumin appeared to be a partmularly 
good substrate. No activity with elastm or collagen was observed. Thus hide 
powder  azure hydrolysis was used for routine assays. The pH opt imum for hide 
powder  azure hydrolysm was m the range 7--8 while the temperature opt ,mum 
was 43°C. The reaction appeared insensitive to lomc strength m the range 
20--200 mM. It should be emphasmed that no concerted effort  was directed 
towards total charactenzatmn of the opt imum condltmns for this assay. All of  
the hide powder  azure hydrolytm assays mcluded below were conducted  at 
37°C m 20 mM Tns-HCl-buffered normal saline, pH 7.4, with an mcubatmn 
penod  of  1 h. 

Incubatmn of FII for 30 mm at room temperature with egg white and 
soybean t rypsm mhlbltors (5 ~zg mhlb, tor /pg FII) had no effect  on hide 
powder  hydrolysis. Likewise, mcubatmn of FII with 20 ~g/ml phenylmethyl-  
sulfonyl f luonde for 30 mm had no effect.  Acetomtnle  was used as the carner 
for th,s modffmatlon reagent. Incubatmn for 30 mm with N-ethylmalelmlde at 
concentratmns as high as 10 mM was also ineffective agmnst the enzyme activ- 
Ity. Dlthmthre,tol ,  however,  completely prevented hide powder  hydrolysis at 
concentratmns as low as 0.5 mM. Thin mactlvatmn occurred rapidly as the 
enzyme had lost 80% of its act lwty even when the hide powder  assay was 
mltmted lmmedmtely after mmmg the enzyme with 0.5 mM dlthmthreltol.  
Lower concentratmns of  dlthmthreltol ,  0.2 and 0.1 mM, showed some time 
dependence,  mdmatmg that this was mactlvatmn and not  mhlbltmn 

The foUowmg expenments  were accomphshed with the highly purified 
fibnnogenase. Extensive dlalysm of the enzyme agamst buffer  contmmng EDTA 
reduced the hide powder  hydrolyzmg activity to neghglble levels and rendered 
the enzyme nontoxm to rmce at doses of 21 /~g of protem/g body  weight. 
Enzyme dialyzed agmnst buffer  only retmned its hide powder  hydrolytm and 
lethal actlvltms. Atomm absorptmn analysm of enzyme dialyzed agmnst buffer 
alone showed that each mole of  protein was assocmted with 2.63 mol calcmm, 
0.40 mol magnesmm and 0.98 mol zmc, using 22 900 as the molecular weight 
of  the protem. Enzyme dialyzed agmnst EDTA contmned only 0.09 mol zmc/ 
mol enzyme. No other  metal was assayed. Because of the nearly one-to-one 
relatmnsh~p between the enzyme and zinc, the enzyme was d~alyzed for 20 h 
agmnst 100 vol. of 100 mM sodmm acetate buffer,  pH 6.5, contmnmg 10 mM 
ZnC12. Adding back the zinc m th~s fashmn restored 87% of the enzyme's  
original act~wty. The lethahty was also restored. 

Dlscusslon 

The protemase descnbed m this report  exerts its effect  on clottmg by  actmg 
directly upon fibrmogen The effect  of  thLs enzyme resembles that  reported by 
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Ouyang et al. [4,5,8--10] for the a-flbrmogenases from Asian crotahd venoms 
m that it proteolytlcally disrupts the a~cham of flbnnogen. It differs from these 
enzymes m that a 42 000--44 000 molecular welght doublet appears as the 
a~hmn is degraded. The action of  the copperhead protelnase seems highly 
specific as neither the ~- nor 7-chains appear affected, and the doublet pro- 
duced from the a-chain also appears stable after the original cleavage. Only the 
23 000 molecular weight fragment appears to be further hydrolyzed 

The substance desenbed in this report should probably be called a protelnase 
rather than an anticoagulant or a flbnnogenase It does catalyze the limited 
hydrolysis of some other proteins. Its inactivation by EDTA and dlthlothreltol, 
its neutral pH optimum and lack of  sensltwlty to active senne and sulfhydryl 
modification reagents mdmates that it is a metalloprotemase (see Ref. 28 for a 
revmw). The ~-hbrmogenases reported by Ouyang et al. [4,5,8--10] are also 
probably metalloprotelnases. A number of  hemorrhagic toxins isolated from 
western dmmondback rattlesnake (Crotalus atrox) venom by Blarnason and Tu 
[29] are similar m the sense that they are EDTA-sensltlve, zinc-dependent 
enzymes. Addltmnal work in our laboratory mdlcates that the FII protelnase 
also occurs m the venom of the four copperhead subspecms not reported in this 
paper 
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1 4  M o r a n ,  J B a n d  G e r e n ,  C R ( 1 9 7 9 )  T o x m o n  1 7 , 2 3 7 - - 2 4 4  
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16  M o r a n ,  J B , P a n g ,  S Y Y , M a r t i n ,  D W a n d  G e r e n ,  C R ( 1 9 7 9 )  T o x l c o n  1 7 , 4 9 9 - - - 5 1 0  
17 M o r a n ,  J B a n d  G e r e n ,  C R ( 1 9 8 0 )  Comp Blochem P h y m o l  6 5 B ,  7 3 9 - - 7 4 2  
l S  Weber,  K and Osborn,  M. ( 1 9 6 9 )  J Blol C h e m  2 4 4 ,  4 4 0 6 - - - 4 4 1 2  
1 9  O r n s t e m ,  L ( 1 9 6 4 ) A n n  N Y A e a d  Scl  1 2 1 , 3 2 1 - - 3 4 7  
2 0  Dams ,  B J ( 1 9 6 4 ) A n n  N Y A c a d  Scl 1 2 1 , 4 0 4 - - - 4 2 7  
21 W m z o r ,  D J and Scheraga,  H A ( 1 9 6 4 )  A r c h  B m e h e m  Blophys  1 0 4 ,  2 0 2 - - 2 0 7  
2 2  M u r a t a ,  Y , S a t a k e ,  M a n d  S u z u k i ,  T ( 1 9 6 3 )  B i o c h e m  J 5 3 , 4 3 1 - - - 4 4 1  
2 3  Mand l ,  I , Ke l le r ,  S a n d  M a n a h a n ,  J ( 1 9 6 4 )  B l o c h e r m s t r y  3 ,  1 7 3 7 - - 1 7 4 1  
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1 9 7 1 - - 1 9 7 7  
26  R e e d ,  L J a n d  M u e n c h ,  H ( 1 9 3 8 )  A m .  J H y g  27 ,493- - - -497  
27  Plzzo ,  S V. ,  S c h w a r t z ,  M L. ,  HtU, R L a n d  M c K e e ,  P A ( 1 9 7 3 )  J Blol C h e m  2 4 8 ,  4 5 7 4 - - 4 5 8 3  
28  B a r r e t t ,  A J ( 1 9 8 0 )  F e d  P r o c  3 9 ,  9 - - 1 4  
29  B j a r n a s o n ,  J B a n d  Tu ,  A T ( 1 9 7 8 )  B l o c h e r m s t r y  1 7 ,  3 3 9 5 - - 3 4 0 4  


