
I 7’ AD—A058 8*1 UNIVERSITY OF SOUThERN CALIFORNIA LOS ANGELES SCHOOL—ETC F/s 6/15
THE APPLICATION OF A SNAKE VENOM ANTICOAGULANT ENZY)E IN BURN T—ETC Cu)
JUN 78 F S MARXLAND N0001 —76—C—0827

UNCLASSIFIED NI.

I H
~&8 84 FI I• 

_ _  

__
_

_  _  

_  _  

an
~uinfl- It_~S

- :



—, -~ —.—-——--. ,. —.-- -- ,_.. .- — -
~~ 

—---—-
~ 

— ,  
- — — •~ - ifI~

S t C U R I T Y  C~~~A S  F f C A ~ ~~ OF T~~i~ ~~~~~~ N~~.n f l .c .  ~~~~~~~~

REPORT DOCUMENTAT~CP~1 PAGE
U(Poq l ,~ u~~ 3ER Z GOVT AC REI_ t N T  S A A . .ld ~
F r,a l Report

1. T I T ’ ..C ~~~~ S~ b~~H.; 5. T’v PE Or RE P O°  ~ ~~~~RI~ ) ~~~~~~~
I J u l ’ i  I~~~G — 

~~~~ 
C7 ~~The A pp Hcation of a Sn~~ke V e non  ~~~~~~~~~~~~~~ 

-

Enz’ -’mt~ in Burn The rnpy
$. ~~IRF~~QuiN ~~ ~~~~~~ . ~~~?C~~ r ~~~~~~~~

7. A Lj T~iO~~(.) S. CO N T* A C  c~~ ~m~~ r

~t1 F r a n c i s  S. M a r k l a n d , J r .  N~~~~~-76-C-2827

~~. P~~RFO~~MI NO ;~~c A N j z A T f o N  ~4 A M E  *N~~ A~~OR ESS l~~. PR O G RA M  ~~~. :‘IEM “~~~~~ .

Un I vers ;v of Sou t ’ntSrn Cal I forri I a A R EA S *O~~I( ~ NlT  ~~~ M8t ~~
Schoo l er ’ ’~~.Ji cin e V I ~Cancer Research I n s t i t u t e  Bioche rni s~~r’. ~~~~~ Task ~o. ~s

Los An~ e es , Cal ~crn I a ~G233

I . co p4 -rq oLL ~ p1G OC~~~C~~ N A l.l ~~ A .N~ J A D ~ i R E S S  12. R~j POR~ DA T E

© B iochem ist ry Pr Dgr~~- . , ., 30 June l~~,8
—: 

Orf ;ce of Nava l Research , Code .,L+ U. NUM8ER O~~~PA O E S
Ar li n gto n , J~~rg I n i a  22217

[3. MOMIT ~~RINO A~~EM C’~ N A M E  k A~~CR~~3 5 I f I  ~,a.,snf from ~ .,nc rot l tn d ( ( t ~o.) 5. ~EC L J R t T Y  ~~~ASS. ~~ P..  
~~~~~~

‘~~~~ Offi c e of Naval ~esearc n
Un clas si cc

Branch Ot cc -

1030 ~~~. Green S t .  is.. o ec  CA ~~ICN ~ C~~~~~~~~~~~ IN~~
Pasadena , CA SC~

“ 

::: ::; 
~~~~~~ ~~ 2 

~ 
_______

17. Q IS T R I a tJ T I ON  ST.~T E M E N T  ‘a/ h. abatr9ct .nS.,.d In 3Iock ~~ . II ~If f • r in t Iro., 4~ Iparf)I
~ Director , 8~ cchernistr y Pro Qr a rn r

O f f i c e  of ~iava1 Resarch , Code L~42

Arl i n g t o n , V i r g i n i a  22217 
~~~~~~~~~~~~~

_____ 1$. SUPPLE~~~~~T A I ~ Y NOTES 
-— 

~
-U\ ç~P
IV~ - .

N one

-
, 

_ _

~5. I~ E( WOROS Car,l :nu. an r.~~ r.. i.d. f t  n.eo...r,’ aid Id.n f~y A1, ~Ia~:k a~ a~b .)  
-

~~~~~~~ 

—-

Snake Ve nons
Protein Procoagula -its

Protein Purificat i on
Burns
Burn flierap’, —-_________________________________________ J

20. A e 5 r R A C  (COntlno.  an I...,.. •ld. II ‘.c....r ~. aid ld.n l I ty  A~ b lock numb.,)

I ase , th~ ~ iroini~ i —  I I ~~
.‘ €n :  ~ rc ’r- :~~st .~rr (

~ ~ ~~~~~~~~~~~~~~~ r 1 ~~~~~
F C r o t 3 ~ us ~n~~~~n~ eu s ) , ~~~~ ~~

-
~~ n ~~~~~~~~~~~~ ‘~~ b~~; : n ~~i~.v .  T s  - c i  s~~~- -.~

by c ;-iro~-’ntc~ r-ac i~~ an~ ~ le ~~t r~~phôr.~Uc ~~~~ :rr , s n~ t ;i .. ~rL:v~ t’ . ~
Han c ~~~ obs e r . c i  :n S~ S 1~~cc rv 1 ari id~ ~e 1 cc~~r~ r - - ~. TH~ ‘ .~~~ 1 i r
w e I o h~ ~.ias :s Hat e d  ~o e ‘ iHo i t  3 3 , 2C0 — ‘ . c c l  f i T  t r a t ~~:’n ~n Se~~~He’ , 2 - l O i ’.
a rd  SO S oo 1’.~~cri1a rn i~~e c c l  ~~~ ct ~ c p h c r c s ~~~. ~~~ -~cj l cc ~Jar ,~~~~~~~~~ c i i -_ c _.

DO ~~ 1473 EGI H ~~ ~ F I NOV ~~ I~ c~~soL ~~ r~ . ._ -s,~ ~~~~~~~~~ ______ _____

3t C.~ ’ Y  $Sf !~~.~M 3~ -~~s 4~~~ “.., .~~~ .. 
- ,,..,. .~



-5 - —,—. —
~ 

5—. —— 
‘—-5— ‘ -5 —‘S. - — ~~~~~~~ 

,,___ __•!__ S ,.__..—..
~
_,___-_- __,,___’_.

~
___ _ __S__’ -5— .-‘S—5—--

~~~~~.—-—.--’

NO. 20 CONT INUf l

f rom ar~ i no ac d conpos I t ion wa ’~ shown to be 30 , 3 $ ’~ . i-~~w ever  . the e~~ t I ia ted

molecu lar  ~e iqht con t r i bu ted  h~ ca r k oh~ d r a t e~ ( 2 0 1 3 )  gave us an o v e r a i l  va l ue
of 32 ,3~~7. Ana I~~t i c a 1  i~~oe 1e ctri c ~ocu~~inq ot c r o t a 1 a’~e showed f iv e  bands.
Th 1 s h eter oq e; e I t - . of ~~~nTe r.iv he due to di  ferenc~’-, 1 si.i c a c i d  co n ten t
of t he d f t c  rent f ’  r i ~ o f  the ~‘n:~ nc . Upo,i t rea rrnc~’ of  t he en .‘~~ it ’ h
neuram i ri Ja ~e t o  re. iove t he a i c 5j c J a s n-; Ic hm~ as oh ta ned hv so —
e l e c t r i c  to~ u~ I nq ,  ~;w 1 o r t  i ’ a  ur C O n  t t ~ Or ) thO t ~~ ‘ ei~~”~~i ’ S

ha t ne f ye hand ~, r r e-~ en • ‘ rt ’ it  ‘ t’ ‘ ‘c I 0f  a lv I at  i m of he
en zyme . Tb i s he ~ ro ;t ’ i t ’ I v - -  av ha- . .~ n i n a r t  f ac t  o e ‘ i  r a t  t o n

F i b r i n o lv t i c  ac t v i t v  of c n . ~~~~ e was shown ~ .- he 5in inher en t proper !\
I ice the ra t  i o of  f i b  r I no~ e n c  I ‘. r Ic ac I v I ‘, to t ha ‘ i hr i no I t I C jC I v I

rema i ned consta n~ t~’rouqhout t~~e purl  f i c a t i o n  proced ure . C : o t a l a s e  h~-~ r o k - O L :
a cu ro o ~ trni i c substra te ~S—22 ~~~) used or th rom b in a .,av; thi s a c t i v i t - ~ cou ld
ne used as a nethod for e sti m ati o n ~ f cro tala;e . \

W~ have Ut I I I :ed crota 1 use to  1 nv es  t I c a t e  th oo- , s I b 1 e .i~~ p 1 i cat i ‘n of hi
on.~v’ne H c I in cal -; i tua t ions us in ~~ ui ex ~~t ’ r i r c n t a  I ’ an Hal s’ s t e r n . .~e
deve I ooed a noce I c s ‘u ut I I i n~ ne rabb i t t i  I nv ~ ‘-~ t nt e t he e f o c t  c’ —

I b r I rnooer .1 t ion on t’u ri in u rv  a nd repa I r . Dose re pO() -~e ~ nd I e 5 .R t ’ bee n
L’e r~~or’k ’ d t o J ’ t e r - n i rn ’ t n t ’ - ) O t  : n n n l n n  I ‘v.’ I o c r - : t . )  H-~.’ to Jef  i hr i r~ ’con.n te  n i i ’—
b i t s cur I na ~~u rn t r aur a . Con t rol ~ t ic i e s have  -u nc’wn tin I ,i~~rua e v e  I -. it
fih rinoq~ n r i se from l)O~ in normd l to 2c~~’. ~_it l ow inq  • ; ‘  t o t a l ‘ed~ ‘urn .  In
non— t r , I u r a t :ed r~~’b s Htravenous ifus hiri of ~—E’ tin iN NIH ~j f li  -, i~
per L I T og ram ~‘odv we n ~ f o r  1 hour p rod lice ,i do f I b r I ed s a t  e -.~ H I ch I a t ~
~or 6— 12 hours . In t ’ur-ncd .ini ma I • da Iv in nus ion a c ro ta  I a sn ’ c 0 —  I 00 un i t  s! Lc
body u’ ,&’ I ch t has s uccn ’s s fu 1 1 v been o- ’~ a~ cd to  -na I nta  i ‘ Jet  I hr I no ienna ion in - o  I to
o t he I ic reused f I hr i noqen 1 evel s fo I 1 ow I nq burns - In further e \~-er ‘non t s we
propose to eval u at e the eff ect of de r i hr i noqenat Ion on burn ropa i r ~ ;i~~ re~~a~~

—
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- ---
S

_____ — -‘--5----- — - r —  
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



—~~--- ---- ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

OFFICE OF NAVAL RESEARCH

/ -
_ Contrac~~NOO O14—76-C~~~~~~4 76-C-O8Z7

Task No. NR 20~ -080 
-

FiNAL REP T 
/ 

‘ /
The Application of a Snake Venom Anticoa gulan t

Enzyme in Burn Therapy . 

by ~~~~~~~~~~~~~

/ /  .1 
- - 

.
— - 

~~~~~~~~~~~ 

_____
; 

-----5 
—Sf ’ 

~~

-~~ ~~ - ~ iS./M arkla nd~~J r / / - / /____

University of Southern Californ ia

Department of Biochemistry

and

Cancer Research Center

Los Angeles , California 90033

I / I  
- 

-
~~ / Jun..1NS~ 78

Reproduction in whole or in par t is permitted for

any purpose of the United States Government

Distribution of this report is unlimited.

- - ~s- ‘N 
I - 

~ 
$

• S_ - ,
t \ ’ *\ ‘

m y
• ~~~ •

- • 
- ‘

~ - -  I -  -
, 

. 

— ---— --- -----



- -— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ~~~~~ - --~~~~~---r.-- - ~~~~~ ‘ 

- ‘P’!~~~ 

-

A N N U A L  REPORT

This final report deals with our research from 1 July 1976 to 1 July 1978 on

the purification of crotalase from eastern diamondback rattlesnake (Crotalus ada-

manteus) and its  application in burn therapy. During this period we have been

able to standardiz e a large scale purifi cation procedur e f or the isolation o f t h is

thrombin- like enzyme. The enzyme was shown to be homogeneous on SDS electro-

phoresis. In addition , we have used crotalase to investigate the possible role of

defibrinogenat ion (anticoagulation) in burn therapy using an experimental animal

system. We have developed a model system utilizing the rabbit to investigate

the effect  of anticoagulation as induced by crotalase f or comparison with published

work on the efficacy of heparin therapy in burn injury. Dose response studies

have been per f or m ed to determine the optimum level of crotalase to defibrino-

genate rabbits during burn trauma. Control studies have shown that plasma levels

of fibrinogen rise from 100% in normal to ~50% following 5% total  body burn.

In nontraumatized rabbits intravenous infusion of 4-6 NIH units of crotalase per

kilogram body weight per hour produced a defibr inogenated state which lasted

for 6-12 hours. In burned animals, daily infusion of crotalase (50- 100 units/kg body

weight ) has successfully been employed to maintain defibringenation in spite of

the increased fibrinogen levels following burn. As a continuation of these studies ,

we propose to evaluate the effect of defibr inogenation on burn repair using revas-

cularization in the burned area as an index of healing. This work will be supported

by USPHS, NIH Gran t HL 22875.
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MATERIALS AND METHODS

Materials: Human (ibrinogen and N -acety l  neur aminic acid were purchased

from Calbiochem, San Diego , California. Lyophilized C.Adamanteus venom was

obtained either fro m Ross Allen Venom Laboratories, Silver Springs, Florida, or

more recently from Miam i Serpencarium , M i ami ,  Florida. DEAE-ce!Zulose (DE- 52)

was fro m Reeve Angel Co., Cl i f ton , N.J. Neuramj nj dase was from Worthington

Biochemica.ls Corp., Freehold , N .J . Calibration k it for molecule weig ht determina-

tion, SP-Sephadex (C-SO) , Sephadex G-lOO and CH-Sepharose 4B were obtained

from Pharmacia Fine Chemicals, Piscataway , N.J . Standard thromb in (Lot No.

B-3, 21.7 un its/mg) was obtained from Division of Biologic Standards NIH, Bethesda,

Maryland. Benzaxnindine hydrochloride hydrate was obtained from Aldrich Chemi-

cal Co., Milwaukee , Wisconsin. The reagents for electrophoresis were from Bio-

Rad, Richmond, California. Chromogenic substrates 52251 , H-D-Val-Leu-Lvs-

pNA;  S-2Z22,BZ ’-flleu-Glue-Y-OR)-GIy-Arg-pN ..~; 5-2238, H-D-Phe-Pip-Arg-pNA ;

S-2160 , N -Bz-Ph e-Val-Arg -pNA were obtained from Orthodiagnostics Inc., Rari tan,

New Jersey.

Methods: Chromatography: All chromatographic materials were treated

according to the manufacturer ’s requirements; in all cases resins were suspended

in the initial chromatography buffer  wi th  decanting several times to remove fines.

The initial eluting buffer  was used to wash newly prepared columns for 24 hours

befor e applying the protein sample. Protein concentration in fractions was mea-

sured by the 280 nm absorbance. All column operations were performed at 4°C.

Benzamidine a f f in i ty  martrix was prepared by washing CH-Sep harose 4B 115 g)

with 0.5 M NaC 1 and distilled water .  The gel was suspended in distilled water

(bO ml) and 1-eth yl-3(3-dlmeth yl aminopropyl)— carbodiimide (3.O g) was slowly

added in 15 minutes while pH was maintained at 4.75 wi th  iN  HC1. p- Aminoben:a-

-— 
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midine (0.6 g in 4.0 ml water , pH 4.75) was added dropwise in 20 minutes at pH

4.75. The mixture was stirred at room temperature for 5 hours at pH 4.75. The

gel was washed with distilled water and the above steps were repeated twice.

Finally, the gel was washed with ‘N MaCi, water , iM acetic acid , water , O.OOIM

NaOH , water and O.05M Tris-HC 1-O.l5M NaC L (pH 9.0).

Enzym e Assay: Clotting activity of crotalase was assayed with human

fibr inogen. The venom solution (0. 1 ml) was added to 0.2 ml of fibrinogen (10 mg/mI

in O.04 M Tris-HC 1, 0.14 M NaC 1, pH 7.35) . The t ime for the first appearance of

fibrin strands was measured with gradual shaking at 37°C. A standard clotting

curve was obtained by adding varying amounts of thrombin to fibrinogen solution

and measuring the clotting times. The clotting times of crotalase were used with

this standard curve to obtain the venom activity in NIH thrombin clotting units.

Protein Estimation: Protein concentration of crotal ase was obtained from

280 nm absorbance using an extinction coefficient of 14.8 (1) .

Screening of Fibrinolytic Activity : Fibrinolytic activity was estimated

by the fibrin plate assay using plasmiri (10.7 caseinolytic units/mI , Michigan Bureau

of Pub lic Health, courtesy of Dr. H. Sqouris) as standard. Fibin plates were pre-

pared by the method of Kiuft  et al. (2) . Fibrinogen stock solution 1.65% in O.O7M

(NH 4~2 SO4 was diuted in plate buffer  (O.O SM sodium diethyl barbiturate, 0.093

M NaCI , 1.66 mM CaC12, 0.69 mM MgCl 2, pH 7.8) to give final fibr inogen concentra-

tion of 0.1%. Fibrinogen solution (6 ml) was then pipetted into flat petri dishes

(90 x 15 mm) .  After mixing with 0.2 ml thrombin solution (20 NIH units/rn l) the

dishes were allowed to stand for at least 30 minutes on a carefully levelled surface

at room temperature to form a fibrin layer. Smal l holes of specific diameter (2

mm) were made at 1.5 cm intervals in fibri,n layer and 0.005 ml sample was added

to different  holes and incubated at 37°C for 18 hours. Fibrin plate clearance was

determined by measuring two perpendicular diameters of the lysed zone. Incuba-

4 
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t ions were in t r ipl icate and the mean of the s ix diameters  was taken as the dia-

meter of the zone of fibr in clearance. one clearance of standard piasmin at

d i f fe rent  dilut ions was used to prepare a standar d curve of f ibr i n  c1earanc~’.

Hydrolysis of Chromogentc Substrates:  The reaction mixture consisting

of 1.1 ml of buffer  ~O.OS M Tris-0.125 M NaCI-0.025 M HCI, pH 8.3) , 0.05 ml enzyme

and 0.1 ml of substrate was incubated at r °c for 3 mm and the reaction was stop-

ped wit h 0.05 ml ot 50% acetic acid. p - N i t r oa n m l in e  v~~1low color was read at 40 5

n m. Thrombin was used as standar d w i t h  subs t ra t e  S-1235.  Since crotalase is

a thrombin-like enzyme , most of the exper iments presented here were conducted

wit h S- 2 2 38 .

Disc ~el electrop horesis: This procedure was carried out .tt 4°C wi th  7.5%

polvacrylamide gel at p H 5.3 , by the method of Davis ~3) .  The gels were stained

wi th  Coomassie Br illian t Blue R-250 and washed wi th  7.5% acetic acid .

SDS Electrophoresis: This was run according to the method of Web er and

Osborn (4) .

Amino acid analysis: Amino acid analysts was p erf orm e 1 1w the method

of Moore and Stein ~5} wi th  the Durrum D-500 automat ic  amino acid analyser .

Salt-free venom enzyme was prepared by dialysing exhaustively against water

and duplicate aliquots containing 50 ug of protein were hvdrolvsed for 24 hours,

48 hours, and 72 hours. Tryptop han was dete rmin ed by am ino acid analysis after

hydrolyzing 180 ug of protein in duplicate with 4N methane sulfonic acid reagent

containing 0.2% 3-~2-aminoethyl) -indo le at 115°C for 20 hours &. Half-cyst  inc

was determtned as cvsteic acid by amino acid analysis a f te r  perform ic acid oxi-

dation (7) and acid hydrolysis of 330 ug of crotalase in duplicate. Cysteine was

estimated by the method of ElIman using 5,5-dith i~ -bis- 2 -benzoic acid S) .

Molecular weight : This was est imated by SDS electrophoresis I4~ and Sepha-

dcx 0-100 column chromatography ~~) using the fo ll owing proteins as molecular

5
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weight standards: adolase, 158,000; ovalbumin, 45 ,000; chymotrypsinogen , 25,000;

and ribonuclease, 13,900.

Isoelectric Focusing: Analytical thin-layer isoelectric focusing on polyacryl-

amide gel was conducted by using the LKB 2117 Multiphor apparatus. 30 ug samples

were applied by use of a paper strip. The solutions of the cathode and anode were

1M NaOH and IM H3P04, respectively. Initially, 150 volts (a5 mA) were applied

which was increased by 10 volts each 10 minutes until the current became constant

after about 2 hr. tJpon completion of the experiment ~2 hours), the pH was mea-

sured at each 0.5 cm distance and the pH versus distance (cm) was plotted. The

gel was stained with Coomassie Brilliant Blue R-250 in methanol and destained

in water :ethanot :acetic acid 8:3:I v/v) . The distanco of the protein bands from

the origi r vere measured and the isoelectric points were determined from the

pH vs distance graph.

Neuraminidase Treatment: Crotalase (5 mg) was incubated overnigh t at

37°C with neuraminidase ~5 units) in 0.lM sodium acetate buffer  (pH 5.0) in a final

volume of I ml and samples containing the appropriate amoun t of crotalase were

applied to isoelectric focussing plates or disc gel electrophoresis. Blanks of neura-

minidase and crota.lase at zero time or after overnight incubation were also run

under identical conditions.

Carbohydrate Analytical Methods: Hexoses were estimated by the phenol-

sulfuric acid method of Hirs (10) using glucose as standard. Sialic acid content

was estimated by the method of Warren (11) after hydrolysis of venom enzyme

in 0.lN H,S04 at 80°C for 1 hour.

Defibr inogenation of Rabbits: A rabbit of known weight was kept in a spe-

cially designed cage which allowed the head to be outside the cage. The hair on

the outside of one of the ears was removed with  a razor blade and the ear was

taped on a metallic illuminated platform in front of the cage so that  the veins

6

- ~~~ --~~~~~ - - - -~~~~~ -5 -~~ -5 - - -  - - — -~~~~ ~~~---- — - — -



were exposed. The venom enzyme ~of known unIts  kg body weig ht~ in steri le saline

was in)ect ed into the ear vei n and 1 m l blood samples were removed and the fibr i -

nogen content  was est imated  .mt t w o  hour int er v .mls  a f t e r  inject ion.  A zero t i m e

b lood sample was wi thdr awn pr ior to  venom enzyme infus ion  for  t ibr inog en deter-

minati on .

Est imat ion  of Ftb ri n:~~~~~ Fibrinog en was e st im a t o d  by using 0. ’ ml venous

b lood w i t h  ~~ ml of ant icoagulant 1:1 mixtur e of tr i sodium c it r at e  3 ..~~ g l i te r

of saline~ and ~ —a mino— caproic .mcid ~I01) g. l i te r  ~n saline~ and cen t r i fuged  at

1.000 rpm for 20 minutes.  Then 0.25 ml of the p lasma was mixed w i t h  2 .75 ml

of buf fe r  ~O . 0  M ver onal HC 1 0 .04M-N aCl ,  pH 7 .2~ and ~
) o) 2~’ ml of Ca *+ _ t h rom_

bin - ..5 NIH units in ~‘L~) .~5M C a C l 2 ~. This mixtur e ~vas i ncubated for 1 hour. The

clot  formed was removed wi th  a g lass rod and washed w i t h  no, rnal saline and then

wat er f o r  30 minutes  each and dissolved during a 2 hour t r e atment  w i t h  S ml of

alk aline urea. The abosorbanct’ was then read against a lkaline-urea at 52 nm

and (thr ino gen ~s esti mated using the f o l l o w in g  :ormu la :

mg fibrinogen . ml blood = ~).D. -~~~1 X

l.ol7

mg fibrinogen ml blood X x dilution of plasma x vol.

of urea x blood di lut ion

X x 2 x 5 x 1.1 u n  this case~

The percentage of fibrinogen remaining in the plasma at various times

af ter  venom infusion is calcul ated by taking the zer o t i m e  of fibr inogen level as

100%. Bovine fibrinogen was used to  obtain a standard curve using the same proce-

dure as described above.

Preparat ion of Mold for Burnin ’:  A mold for  rabbits during third degree

burn was prepared. All r abb its  in these studies have appr oximat clv the same body

-- -5 - -~~~~~~~~~~ -~~~~~~~~ - - 5 -  - —~~~~~ -- - -  -5- —  ~~-5-~~~~~~~~ -—  — - - - - - - - -- --- -5-~~~~~-- -~~~~~~~~~~~~~ -
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weigh t  u S- S. 5 pounds~. The surface area was calculat ed by using the following

formula:

Surface Area tcm ’ ~ kw

where k a proportionality constant for the rabbit

lassumed to be 10)

and w weight  in grams.

For a rabbit  of ~.5 pounds. t he surface area calculated was 2 ,4~ 5 c m .  So for

5~’~ body burn: 5- ’~ of this surface .trt ~a = 123 c m .  Thus a hole w i t h  .i surface area

of 123 cm was cut in the middle of the mold. This hole is rectangular in shape.

The mold is about 5S cm long ~assuming rabbit  dimensions of 30 cm trunk .

5 cm neck, 10 cm head 45 and leaving 5 cm on each side so that  the .in:tnal may

be comfortabl e 1 and the width is about 10 cm. The mold is a half cylinder ~length

S5 cm x 20 cm diameter 1 cut longitudinally and as indic ated has a hole 123 cm ’

in the middle. This mold is covered wi th  insulating material  to protect  the animal

fro m additional burning.

Animal Burning: All rabbits used in these studies had approximately the

same body weight  uS-S.S lbs). Total body surface area was calculated from the

formula as described above. Rabbits  were clipped of back hair and residual hair

was re moved wi th  Neet, a commercial hair remover. Rabbits were placed under

anesthesia (N embut al  sodium. 1.0 ml of bO nig ml solution 1. The animal was posi-

tioned in the mold and immersed in water  at 75 °C for 10 seconds t o produce t hird

degree scald 1121 . The water temperature was controlled to wi th in  0.1°C by a tem-

perature control device and water was continuously stirred to mainta in  uniform

temperature.

_ _ _ _ _
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RESU LTS

Purification of Crotalase: A new method was developed for the purification

of crotala.se. The method consists of gel f i l t ra t ion on Sephadex 0-100, DEAE cellu-

lose chromatography, benzamidine-Seph arose aff ini ty  chromatograp hy and SF- Sepha-

dex-C-50 column chromatography.

The crud e lyophilized venom (5.0 g) was dissolved in 20 ml of O.04M Tris-HCI

(pH 7.l)-0.lM NaC 1 and centrifuged at 5000 rpm for 10 minutes to remove small

amounts of insoluble materials and loaded onto a Sephadex 0-100 column preequl-

librated with the solubilizing buffer .  Two major and several minor peaks at 280

ri m absorption were obtained as shown in Fi g. 1. The active fractions were pooled.

2b .250 units were recovered from the applied 28,000 units. This fraction was dia-

lvsed against 0.OOSM sodium acetate (pH 7.0) and applied to a DEAE-cel]ulose

column, previ ously equilibrated overnight with the dialysis buffer .  The dialysed

sample was loaded onto the column and eluted with 100 ml of the dial ysis buffer .

A linear gradient consisting of 425 ml of starting buffer  and 425 ml of 0.lM sodium

acetat e (pH 7.0) was initiated and followed with a second gradient established

by 400 ml of 0.1M sodium acetate (pH 7.0) and 40~ ml of 0.7M sodium acetate

(pH 7 .0). Fractions containing crotalase activity were pooled; overall recovery

after DEAE-celllose chromatography was 92%. The chromatographic pa t t ern

of DEAE-cellulose column is shown in Fig. 2. The pooled fractions were dialysed

against 0.OSM Tris-HCI-0.15M NaC 1, pH 9.0, and the sample was applied to a benza-

midine-Sepharose column (Fig. 3). The column was eluted successively with 80

ml of 0.05 M Tris-HCI-O.15M NaCI , pH 9.0, 200 ml of 0.05M Tris-HC1-0.4M NaC 1,

pH 9.0, and, finally with 250 ml of 0.4M Tris-HCI-0.1OM NaCI-0.ISM benzamidine,

pH 9.0. Crotalase eluted in the benzamidine wash and the fractions having crotalase

activity were checked on analytical polyacry lamide disc gel electrophoresis after

9 
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dialysis against  ‘~.0SM Tr i s -g lvc ine  bu f fe r  pH 5~O) ~ The electrop horet i c  pa t t e rn

showed that  the f i rs t  half of the peak Ith e  l e f t  side in Fig. 3) showed two bands.

whereas , the t ra i l ing  half showed a si ngle band. The a f f i n i t y  chromatography

was repeated but it was observed to be d i f f i c ult to separate crotalase from the

contai m inat in g  protein. However ,  the recovery was good S3°~1 . This procedure

showed that  fur ther  pur i f i ca t ion  required an additional chromatogrp hv method

and th i s problem was solved by t ’mp loving SP — Sep hadex ~Fig. 4~ . The enz vmat ic a l lv

active f rac t ions  t r o m b enzamidir i e- Sepharose column were  pooled and dialysed

a~ ains t 3 .305M sodiu m acetate.  p H 5.5. b u f f e r .  Elution f rom SP-Sephadex C- SO

e mployed ~nit~allv 140 ml of 0 .JSM sodium ace ta te  buf fe r .  pH 5.5 , followed by

the firs t gradient whic h  u t i l i zed  75 ml of star t ing b u f f e r  and 73 ml of 0.IM acetate

buf fe r .  p H 5.5. and f inaCv by a second ~ riear ~tr ad i ent  u t i l i z i n g  100 ml of O.IM ace-

t a te  bu f f e r ,  p H 5. 5. and finally by a second inear gradient u t i l i z ing  100 ml of 0 .lM

acetate  b u f f e r ,  p H 5. 5. and 100 nil of O.7M ace ta te  bu f f e r .  pH 5.5. Purified crota-

:ase wa s  present ~ri the  second peak and showed a single band on acrvlamide gel

.-‘lectro phoresis. These fract ions  were pooled and again checked 1w SDS electyr o-

phoresis and en zyme was observed to be homogeneous as shown in Fi g. 5. The

pooled fract:ons were dialysed against O.5M Tr is-HC 1-0.JM NaC l , p H 7.35. and

tested for ac t iv i t y. This procedur e of pur i f ica t ion showed that  SO° o of en zyme

activity was recove red with  a purif icat ion of about b O-SO fold. The enzyme solution

was divided in test t ubes (1 ml each) and frozen for fur ther  use.

The overall scheme of purif icat ion is shown in Table I. The specific act ivi ty

of the final preparation was 407 units/mg protein . Since crotalas e has fibrino —

genolytic act ivity ,  it was of interest to find out whether there is any f ibrir iolvt ic

act ivi ty residi ng in crotalase molecules. To investigate f ibr inolyt ic  ac t iv ity ,  f ibr in

p late method was used as described in Methods. As shown in Table U. the ratio

of f ibr inogeno lytic and f ibr inolyt ic  a c t i v i t y  (specific ac t iv i t y )  remained constan t

10 
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showing that both activities are inherent property of crotalase. Since this experi-

ment requires further evidence to support this hypothesis, we will conduct further

experiments involving modificat ion of d i f fe rent  functional groups of crotalase

and compar e the effect  of the modifications on both fibr inolytic and fibrinogeno-

lytic activiites.

Molecular Weight of Crotalase: The molecular wei ght of crotalase was

determined by gel fi l tration on Sephadex 0-100 (9) and SDS electrophoresis (4) .

In gel fi l tration the column (90 x 1.25 cm) was equilibrated with  0.05M Tris-

HC1-0.15M MaCI , pH 9.0, overnight and the void volume was estimated by using

blue dextran (63 ml) .  The column was standardized with proteins of known mole-

cular weig ht and the molecular weight of crotalase was estimated by applying

crotalase to the column and measuring clotting acti’~ity i n the eluted fractions.

The elut ion pattern of venom enzyme and of marker proteins is shown in Fig. 6.

The m d .  wt . estimated was 33,000.

In SDS electrophoresis, the mol. wt. was determined in the presence of

sodium dodecy l sulfate (4) . The electrophoretic mobility of crotalase and of marker

enzymes were used to calculate the mol. wt.  of about 36,000 (Fig. 7) . We have

used 33,000 as the molecular weight for crotalase.

Carbohydrate analysis: The venom enzyme contained 6.1% total carbo-

hydrates. In addition , the content of sialic acid varied in different preparations

from 3.4 to 6.3%.

Amino Acid Analysis: Samples from several preparations of crotalase were

checked for amino acid composition. The data for one of the preparations is pre-

sented in Table UI. The composition was calculated after hydrolysis for 24 ,48

and 72 hr in duplicate by determining the molar ratios of each amino acid to alanine

which was taken as 1.00. The average ratio was multiplied by the residue wt.  of

II



amino acid to obtain the minimum residue w t .  These were summed ari d divided

into the physically determined molecular weight of 30987 (without  carbohydrate) .

This gave a factor  of 13.78. which when multiplied t imes  the average ratio, gave

the number of residues of each amino  acid, this value was rounded off to nearest

integral  number which gave the amino acid composition of crotalase. The molecular

wei ght determined from amino acid composition was 30334. However , t he addition

of the molecular weight contributed by carbohydrates (20 13) gave us an overall

value of 3 347. Amino acid analysis a f te r  performic acid oxidation and hydrol ysis

of crotalase gave 20 half cy stine residues indicating the presence of approximately

10 disulf ide bridges. There was no free cysteine as determined by the method

of ElIman (8) using crotalase in the na t ive  or in the denatured state. The values

di f fe r  slig ht ly  from those previously reported for crotalase (1) . but in general the

results are quite comparable.

Electrop hnr et ic  and isoelectric foc u~sing profk1es before and a f te r  neuramini-

dase treat ment of crotalase. Generally on disc gel electrophoresis of crotalase.

we have observed a single broad ban d a f te r  C-oomassie Blue 0-250 staining. We

felt  this ma be due to d i f ferent  amounts of carbohydrate in erotalase. Recent

reports w i t h  ancrod and batroxobin (13- 15) prompted us to analyze this situation

in detail.

In our experiments. crotalase (15 ug ) show ed three bands on disc gel electro—

• phoresis a larger amount of enzyme gives single broad bau d~ but a f te r  t r ea tment

wi th  5 units of neuraminidase and reelectrophoresis a sing le band was observed.

Similarly . we checked the isoelectric focusing profi le  in crotalase. In this case.

we foun d three major bands and two minor bands. In some preparations, we obtained

five major bands. The variation may be due to different  levels of sialic acid.

It is also possible that  nat ive crotalase has a f in ite  level of sialviation hut during

isolation part of the sialic acid is hvdrolysed. especially during dialy sis or SF-Sepha-

des column chromatograph y where acidic pH buffer  is used. However, a f ter  the

12
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t r e a t ment  ot  ~-rt ’ta1.o.t w i t h  neur ain inidas e ~tn~I reanalysis on isoelectr ic  focus :n 14

a sing le band was observed. ~)ne problem was en counter e~t s tnct  neur amtnidas e

and desial vlated crotalase locus at the same pH . We, th ere fo re ,  separated them

by ben ia midine - Sepharose a f f :n i t ~ chromatograph y and desalted the pooled corta-

lase f rac t ions  on Sephadex ~~- 25 . Crotalase was again analyzed by isoele~ t r ic

foc using and v i r tua l l y  the same~ :soelectric focussi ng pr o f ile  was observed as des-

cribed above followi ng neuramin idase t rea tment ;  a sing le band was obtai ned demon-

strat ing the homoge n et t i -  of the neuramin idase t r ea ted  crot alase  preparation.

The isoelectr ic point of this  ban d was found to be 4.t~0. Hence, crotalase , si m ilar

to hatrcix ob :n and ancrod, has an acidic isoelect r ic po int;  the microh ete rog en et tv

probab ly represents var Y ing le vels ~ t sialv lat ion of the protein. This indicates

that  the protein is homogeneous except for the variab le sialic acid content.

Acti on ~t neur aminidase on the f t  tn~g n ~ 1~’tic and arn t do lvt i c act iv itv

of crotalase: In view ot th e he t erogen e ity  in crotalase due to sialic acid, and the

e f f e c t  of neuraminidase on removing th i s hete r ogene ity , we were interested in

st udy in g the e f t e c t  ot neuran iin idase on amido lvt i c  and coagulant ac t iv i ty  of cr ota—

Iase. Cr otala se and neuramin idase were incubated ~tt 3 ’ °L ’ and coagulant ac t iv i ty

was observed at t h f t e r e n t  t i m e  intervals.  There was no change in c lo t t i ng  a c t i v i ty

.‘t crota lase fo l l ow i n g  neura tnin idase t r e a t m e n t .  When the chromogen c substrate

was inc ubated wi th  neuraminidase alone, crota lase alone, or crota lase in

th e presence of neuraminidase and th e hydroly sis product ~p -ni t r oanihne~ was

esti mated  at d i t f e r e n t  t ime  intervals  by spectrop hoton ieter ic  observations at 405

rim (Fig. 8) there was slig ht increase in amido lyt ic  ac t iv i ty  of crotalase treated

wi th  neuraminidase. N euram in idase alone had no action on S-2.~38. Hence the

increase in amidoty t ic  a c i t v i t y  of crotalase mig ht be due t o  removal of siat ic acid.

Hydrolysis of chromogenic subs tr a tes  w i t h  d i f f e r e n t  con cen t r a t ion s  of crota-

13
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• lase : Di f fe ren t  concentrat ions of crotalas e were incubated w i t h  d i f f e ren t

chromogenic substrates and liberation of p-n i tr oani l ine  was monitored at 405

• r im. The results shown in Fig. 9, show that S-2loO is highly susceptible to crotalase

whereas crotalase hydrolyses S-2251 and S-2222 very slowly. Crotalase was

slig ht ly  less act ive wi th  the thrombin substrate S-2238 than wi th  S-2 loO. Thrombin

showed about t w o  times more act iv i t y  than crotalase w i t h  S-2238 under the

same experimental conditions. Since crotalase is a thrombin-like enzyme , we

have used S- 2238 for our studies. Addi tionally,  we have shown (Fig. 10. ) , that

the re was a linear relationship between hydrolysis of S-2238 substrate. This

shows t hat this substrate can be used for the est imation of crotalase.

Ef fec t  of inhibitors on the amidolyt i c  and clotting ac t i t ivy  of crotalase:

Several inhibitors of serine proteases were investigated for their inhibition of

crotalase. As shown in Table IV no trypsin inhibitor inactivated crotalase. m-Ami-

noben zani:dine was a highly act ive inhibitor followed by p-aminoben:amidine

and ben ;amidrne. Other compounds such as L- arginine-L-aspartate and agmatine

we re ineffec t ive .

Defibrinogenatio n of  Normal Rabbits w i t h  Crotalase. Experiments were

performed to determine the optimal dose of crotalase for defibrinogenation

of rabbits. This was accomplished by injecting d i f fe rent  amounts of crotalase

per kg body weig ht in the rabbits used for the experiment.

In the ini t ial  experiments , 1.2 . 2.4 and 4.8 units  of crotalase per kig of

bod y weig ht were infused over a S mm t ime period. There was a constant but

small decrease in fibrinogen content up to 2—I hr , whereupon , fibrinogen levels

returned to normal by about h hrs (Fig. I I ) .  In other words , defibr inogen ation

was not complete and lasted only for a few hours. However , when c’ units/kg

body weight was infused over a period of 1 hour , defibrinogenation lasted for

about b-8 hours (Fig. 12) . Since our object ive was to keep rabbits defibrin ogenated

for periods of one day or longer, we tried infusion of 40, 60, or 100 units/k g

14
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body weight. These levels of enzyme kept rabbits defibrinogenated for 18-Z4

hr as shown in Fig. 13 (100 units/ kg body weight) . To prolong the time of defibrino-

genation, 100 units/kg was injected daily for several days. The result of one

of those experiments is shown in Fig. 14. It is clear from this experiment that

rabbits can be maint ained in a fibrinogenated state for several days by daily

infusion of the appropriate level of enzyme.

Defibrinogenation of Burned Rabbits: Similar dose response experiments

were conducted with burned rabbits. As shown in Fig. 15, plasma levels of fibri-

nogen (an acute phase protein) rose from 100% (normal level) to 250% following

5% total body burn. Daily infusion of crotalase (50-100 units/kg body weight)

has successfully been employed to maintain defibrinogenation , in spite of increased

fibrinogen levels following burn.

I
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DISCUSSION

The new chromatograph ic procedur e for the pur i f ica t ion  of the  thromb in-

like enzyme from eastern diamondback ra t t lesnake  is unique in that  we can

obtain enzyme having hig h specific a c t i v i t y  in good vici d and in a re la t ively

short period of t ime  as compared to our original procedur e U) . The major charac-

ter istic of t his m et hod is tha t  i t  does not requi re concent r a t io n of en zym e a t

any step. We foun d that  concentration of the crotalase by ammonium sulphate

f ractionation or Amicon u l t r a f i l t r a t i on  leads to part ial loss of enzyme act iv i ty .

The final  preparation always showed homogeneity on SDS electrophoresis

and other chromatographic methods based on size separation such as Sephadex

G-l00. The enzyme contained carbohydrates and is thus a glycoprotein with

a molecular wei ght of 33,000. The other thromb in-l ike enzymes from snake

venoms have also been shown to generally have molecular weig h ts in the r ange

• from 29,100 to 35 ,400 (lo ) . The amino acid composition of thromb in -like enzymes

• are known to have a relat ively hig h content of acidic residues (aspartic and

glutamic acid) . rel a t ively  hig h conte n t of prol ine arid large amounts of half cvstine.

most of which is present in disulfide brid ges. A similar amino acid composition

was also observed in crotalase. Since ancrod and batroxob in (13-15) contain

high amounts of acidic re’~id ues, this probably account for their acidic isoetectr ic

points. A similar situation was also expected wi th  crotalase; indeed the isoelectr ic

point was determined to be’ 4.h a f t e r  desialylat ion. However , the enzyme without

disialylation showed three major bands on isoelctric focusing profile all of which

had acidic isoelectric points.

Since crotalase hvdrolysed thromb in  substrate S-2238, crotalase can

be estimated spcctrophet omer icialtv by using this substrate. Amid otvt ic  and

fibrinogenolytic acit ivit e s  of crotalase were not inhibited by trvp stn inhibitors.

• 16
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However, p -aminobenzamidine. n ’i-aminobenzam idine and benzamidine inhibited

both Iibr inogenolyti c and amidolytic activities.  The estimation of f ibr ino lyt ic

act ivi ty  throughout purification procedures showed that it is an inherent property

of this enzyme. The ratio of fibr inogenol yt ic  and fibrino lvtic aci tvi ty  remained

constan t a f te r each chroma tog raph step.

We have observed the defibrinogenation of rabbits wi th  different  doses

of crotalase to investigate its clinical potential. The results presented in this

report show that crotalase, similar to the other thrombin-like enzymes from

snake venoms. can act as a defibrinogenating agent in animals. In previous studies

in our laboratory (17) it was shown that infusion of purified crotal ase into dogs

caused a benign s ta te  of defibrinogenation. There was no fibrin deposition in

internal organs and disseminated intravascular coagulation did not occur . Clotting

studies showed that there were minimal  changes in coagulation factors during

defibrinogenation . It would appear that this venom enzyme attacks fibr inogen

directly and removes this protein by formation of soluble fibrin monomers or

abnormal f ibr in microclots. Apparently the fibrinolyt ic system is activated

secondarily since high levels of fibrinogen degradation products are produced

concomitantly with  the decrease in fibrinogen. Separate studies have shown

tha t crotalase neither activates the fibrino lytic system nor is fibr inolytic itself

at the levels used for defibrinogenation.

In certain pathological conditions such as burn injury, tumor metatasis ,

thrombosis and infection , there is evidence for a direct involvement of fibr inogen

(or fibrin deposition) in the pathologic state. Anticoagulants such as heparin ,

coumarin derivatives, factor X III inhibitors, and fibrinolytic and defibrinogenat ing

agents have been used against these abnormalities. Recently, the application

of venom defibr inogenating agents such as Batroxobin ari d Ancrod in certain

of these conditions has given interesting results (18-21) . However , in some instances

animals may not have been completely defibrinogenated , thereby complicating

17
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interpretation of results.

in the present stud y, we have tried to evaluate the effectiveness of crota-

lase as compared to hepar in as a therapeutic agen t in burn repair. In so doing

we have insured that animals are completely defibr inogenated prior to studying

burn repair. Further studies to evaluate the role of (crotalase induced) defibrinoge-

nation on burn repair using revascularization in the burned areas as an index

• of wound healing are in progress. These results should help to determine if fibrin
- deposition plays a role in burn injury and may also establish if defibringenation

• is an effect ive therapy for this condition or for other pathological conditions

- such as deep vein thrombosis or tumor metastasis where fibr in deposition has

been implicated in the disease process.

18
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SIGNIFICANT ACCOMPL I SH MENTS

1. A large-scale pur i f ica t ion  procedur e for crotalase was developed and

enzy me was recovered in hig h yield ~5O ’~ having hig h specific ac t iv i ty

S (407 units mg ) .

. Benzamidine-sepharose a f f in i ty  chromatography was applied for the

first t ime  to purify crotalase.

3. The enzyme was relat ively stable to SP-Sephadex column chromatography

at pH 5.5 and recovery was bet ter  than the previously reported recovery

i n which this step was performed at lower pH.

4. Analytical isoelectric focusing was conducted for the firs t t ime and

it showed 5 bands which were shown to be due to differences in sialic

acid content of the enzyme.

5. The amino acid composition of crotalase was determined and shown to

be similar to that previously established by Marklaxi d and Damus (1) , the

carbohydrate content of crotalase was redetermined and it was shown

that enzyme contains b.I°~ carbohydrates p lus variable amounts of sialic

acid up to t .3~
’o.

b. Fibrj nolytic ac t iv i ty  was shown to be an inherent propertY of crotalase

since the ratio of fibrinogenolytic activity to fibr inolytic activitY remained

constant throughout the purification procedure.

7. Amidolytic act ivi ty  of crotalase was observed on several chromogenic

substrates. Since crotalase hvd.rolysed the thrombin substrat e S-1238,

we propose to use this substrate for a rapic assay of crotalase during

pur ification or for kinetic studies.
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S. We have established that crotalase can be used to defibrinogenate rabbit

blood. The opt imal  dose (50-100 un its/kg body weig ht ) can be used in

burn repair studies and this dose was successfully applied to maintain

de f ib r inogenation in spi te  o f t he increased f ib r inogen levels following

burns.

9. A suitable mold for causing burn injury in rabbits was preparted and was

used to cause third degree burns in these animals.

Publications by the Principal Investigator:

( 1) Pirkle , H.. Marklan d , F.S., and Theodor , I.: Thrombin-like enzymes

of snake venoms: actions on prothrombiri . Thrombosis Research

8: 619— 627 , 1976.

~~ Markland, F.S.: Purification and properties of crotal ase. The

thrombin- like enzym e from Crotalus adamanteus. Methods in

Enzvmologv 45: ZZ3— 2 3 6 . 197b .

(3~ Markland , F.S. and Pirkle, H.: Thrombin-like enzyme from the

venom of the eastern diamondback rattlesnake (Crotalus adamanteus( .

Thrombosis Research 10: 487-494, 1q77.

(4) Markian d, F.S. and Pirkie, H.: Biological activities and biochemical

properties of thrombin-like enzymes from snake venoms. In Chemis-

try and Biology of Throinbin ( Lundblad , R.L., Mann, K.G., and

Fenton , J.W., Eds.), Ann Arbor Science Press, Ann Arbor. Michigan,

July, 1977.

(5) Markla,n d, F.S. and Pirkle , H.: Char acterization of a thrombin-like

enzyme from Crotalus adamanteus (eastern diamondback rattlesnake) .
23

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Toxicon (Abstracts ) 14:41 2—413 , 1976.

(o~ Mar k lan d, F.S., Chou , J., Shih , Y. and Pirkie , H.: A new procedure

for purification of crotalase from Crotalus adamanteus venom.

Thrombosis and Hemostasis (Abstracts) 38: 223 , 19771

7
~ 

Bajwa , S.S. and Markiand , F.S.: Defibrinogenation studies with

crotalase (thrombin-like enzyme from eastern diamondback rattle-

snake venom) possible clinical application. Proceedings of Western

Pharmacological Society. Tahoe , California. 1978 (Accepted) .

(8) Bajwa , S.S. and Marklan d, F.S.: A new method for the purification

of a thrombin- like snake venom enzyme. Thrombosis Research

( 1978) , submitted.

Talks by the Principal investigator:

( 1) “Snake bite victim ”, Hematology Conference, LAC/USC Medical

Center , October 29, 1976 , Los Angeles, California.

(2 ) “Biological activities and biochemical properties of thrombin-like

enzymes from snake venoms ” , Mayo Clinic , Rochester , Minnesota.

(3) “Thrombin-like enzymes from snake venoms ” , Biochemistry Depart-

ment Seminar,Colorado State University, June 13, 1977 , Ft. Collins,

Colorado.

(4) “A new procedure for purification of crotalase from Crotalus adaman-

teus venom ” , 6th International Congress on Thrombosis and Hemo-

stasis, July 1, 1977 , Philadelphia, Pennsylvania.

24 

- 
~~

.., _j -5__ _ -5-5_1__ _ __ __-5_ _._ ___~~ ~~~I T J ~T~~~~~~~



(5) “Defibr inogenation studies with crotalase(Thrombin-like enzyme

from eastern diamondback rattlesnake venom) ; Possible clinical

application s” . Western Pharmacology Society Meeting, January

25, 1978 , Tahoe , Nevada.

25

________________ - — - — -_ —- .~~~



~~~~~~~~~~~~~~

“t~NCLUS1ON ~
.

Crotalase, the thrombin -l ike  enzyme from eastern diamondback ra t t lesnak e

(Crotalus adamanteus) , has been purif ied to homogene ity .  This was shown by

chromatographic and electrop horetic pat terns of the enzyme. A sing le band

was observed on SOS polyacrv lamide gel electrophoresis. The molecular wei ght

was esti mated to be about 33,000 by gel f i l t ra t ion on Sephadex G- 100 and SOS

polyacrylamide electrophoresis. The molecular wei ght determined from amino

acid composition was show n to be 30,334. However , t he estimated molecular

wei ght contributed by carbohydrates (2013 ) gave us an overall value of 32,347.

Analyti ic al isoelectric focusing of crotalase showed f ive  bands. This heterogeneity

of enzyme may be due to differences in sialic acid content of the d i f fe ren t  forms

of the enzyme. Upon t rea tment  of the enzyme wi th  neuraminidase to remove

the si alic acid a single band was obtained by isoelectric focusing. supporting

our contention that the enzyme is homogeneous and that the five bands represent

differ ent levels of sialy lation of the enzyme. This heterogeneity may have been

an ar t i f a c t  of preparation.

Fibr inolytic act ivi ty of crotalase was shown to be an inherent property

since the ratio of fibrinogenolytic ac t iv i ty  tyo that of fibrinol yt ic  ac t iv i ty  remained . -

constan t troug hout the purification procedure . Crotalase hydrolysed a chromogenic

substrate (S-Z238~ used for thr omb in assay; this ac t iv i ty  could be used as a method

for the estimation of crotalase.

We have utilized crotalase to investigate the possible app li ca t io n of t his

enzym e in clinical situations using experimental  animal systems. We have developed

a model system utilizing the rabbit to investigate the ef fec t  of defibrinogenation

on burn injury and repa ir. Dose response studie s have been performed to determin e
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the optimum level of crotalase to defibrinogenate rabbits during burn trauma.

Control studies have shown that plasma levels of fibrinogen rise from 100%

in normal to 250% following 5% total body burn. In non-t raumat ized rabbits

intravenous infusion of 4-6 NIH units of crotalase per kilogram body weig ht

per hour produced a defibringenated state which lasts for 6- 12 hours. In burned

animals, dail y infusion of crotalase (50- 100 units/kg body we ight s  has successfully

been employed to maintain defibrinogenat ion in spite of the increased fibr inogen

levels following burns, In further experiments we propose to evaluate the effec ts

of defibrinogenation on burn repair using revascularization in burned area as

an index of wound healing.
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Figure Legends

Fig. 1 Elution Profile of crude Crotalus adamanteus venom from Sephadex

G—l0 0  column: Elution was performed wi t h  0.04 M Tris-HC 1 (pH 7.1)

containing NaCI (0.lM) . Column Size was 84 x 2.5 cm and flow rate

was 25 ml/h . Fractions of 11.0 ml were collected , the absorbance

at 280 nm determined and fibrinogen clotting act ivi ty measured.

Fig. 2 DEAE-Cellulose column chromatograph y of f ract ion containing crotalase

af ter  Sephadex G-100 column: The dial yzed (against 0.005 M sodium

acetate  bu f f e r , pH 7.0) G-100 fraction was loaded on a DEAE-Cellulose

column (2.5 x 40 cm) and eluted with  the dial yzing buffer  (100 ml) ,

f ollowed by the first linear gradient established with  42 5 ml of the

same buffer  and 42 5 ml of 0.1 M sodium acetate buf fer  (pH 7.0) . The

second gradient was made by 400m 1 of 0.7M sodium acetate buffer

(pH 7.0) . Fractions of 9.0 ml were collected at a flow rate of 20 mi/hr.

Fig. 3 Eluti on profile of benzamidine a f f i n i t y  column: The enzyme af ter

DEAE-Cellulose chromatogr aphy was dialyzed against 0.05 M Tris-HC 1-

0.15M NaC 1 (pH 9.0) and loaded onto banzamidine af f in i ty  column (1.5

x 30 cm) and eluted with 80 ml of the dial ysis buffer , then 200 ml of

0.05M Tris-HCI-0.4M NaCI (pH 9.0) and finally 250 ml of 0.05M Tris-HCI-

O. 1M NaCI-0.15M banzamidine (pH 9.0). Fractions of 3.0 mlwere collected

at a flow rate of 10 ml/hr .

Fig. 4 Elution profile of SP-Sephadex C-5Ocolumu chromatography: The

fraction containing crotalase activity af ter  aff ini ty chromatograp hy

was dialyzed against sodium acetate buff er , 0.OSM (pH 5.5) and loaded

on SP-Sephadex (1.5 x 30 cm) and eluted with 140 ml of the dialysis

buffer. The initial gradient employed 75 ml of starting buffer  and

75 ml of 0.1M sodium acetate buffer  (pH 5.5) and the second gradient
28
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employed lOOml of 0 .lM acetate buffer  (p H 5.5) and 100 ml of 0.7M

acetate buffer  (pH 5.5). Fractions of 2.1 ml each were collected at
• 

a flow rate of 9.0 mi/hr .

- 
Fig. 5 SOS gel electrop horesis of crotalase preparations af te r  different  chromato-

graphic steps: The method has been described in text A. crude venom

B. af ter  G- l 00 C. af ter  the DEAE-cellulose D. after  the Benzamidine

Sepharose E. After  the SP-Sephadex.

Fig. 6 Molecular Weight determination of purified crotalase by Sephadex

G-lOO: Sephadex G-100 column (90 x 1.75 cm) was equilibrated with

0.OSM Tris-HC 1-0.1SM NaC 1 (pH 9.0) and standardized with standard

proteins: Aldolase, 158,000; ovalbumin , 45,000; chymotrypsinogen ,

25,000; and ribonuclease A, 13,500. Void volume was estimated by

using the equilibrating buffer. Fractions of 3 ml each were collected

at a flow rate of 15 mi/hr . Crotalase was separately loaded and eluted

and assayed for clotting activity. The molecular weight was calculated

fro m the plot of Ve/Vo versus the known molecular weight of the standard

proteins.

Fig. 7 Molecular weight estimation of purified crotalase by SDS electrophoresis:

SDS electrophoresis was carried on as described in methods and the

marker proteins were used as shown in Fig. 6. The molecular weight

of critalase was calculated from the plot of mobility versus known

molecular weight of standard proteins.

Fig. 8 Effects of neuraminidase on the amidolytic activity of crotalase: The

complete reaction mixture consisted of 1 ml of (0.05M Tris-0.125M

NaC 1—0.025M N d )  buffer , 1.25 units of crotal ase, 0.1 ml of S—2238

( 1 mmol./ l) , with or without 1.25 units of neuraminidase in a total

volume of 1.25 ml. The reaction mixture was incubated at 37°C and

the liberated p-nitroaniline was read at 405 nm at different t ime intervals

29
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over a 10 minute  period.

Fig. 9 Hydrolysis of chromogenic substrates with  d i f fe ren t  concentrations

of crotalase: The preincubation mixture consisted of 2 .2 ml of (0.OSM

Tris-0. lZ5M NaCI-O .025M Nd , pH 8.3) buf fer  and 0.1 ml of enzyme.

The mixture was preincubated at 37°C and 0.2 ml (1 mmol/ l) substrate

was added and incubated for 3 minutes. The reaction was stopped

by adding 0.1 ml of 50%ACOH. p-Nitroaniline color was followed

at 405 nm.

Fig. 10 Hydrolysis of S-2238 with  different  concentrations of crotalase: The

complete reaction mixtur e consisting of 1.0 ml of buffer  (0.05M Tris-

0. 125M NaCl -0.025M Nd , pH 8.3) and 0.l5ml of different concentrations

of enzyme and mixed and preincubated at 37°C. S-2238 (0.01 ul,1

mmol/l ) was added and incubated for 3 minutes and the liberated p-nitro-

aniline was followed at 405 nm. The reaction was stopped by adding

0.05 ml of acetic acid.

Fig. 11. Defibrinogenation of rabbits by injecting crotalase within 5 minutes:

Crotalase at different concentrations was injected into rabbits as described

in the text. Blood samples were taken before enzyme infusion and

at 2 hour intervals and fibrinogen estimated as described in the methods.

Fig. 12. Rabbit defibrinogenation by 1 hour I.V. infusion of crotalase: Crotalase

(6 units/kg body weight) was infused over a one hour period into rabbits

as described in the text .  Blood samples were taken prior to crotalase

infusion and at 2 hour intervals following infusion. Fibrinogen levels

were determined and are reported in % relative to the zero t ime control.

Fig. 13 Rabbit defibr inogenation bj 1 hour LV. infusion of crotalase: Crotalase

( 100 units/kg body weig ht) was infused and blood samples were taken

at the t imes indicated. Fibrinogen was determined and plotted as described

in the legend to Fig. 11. 30
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Fig. 14 Rabbit defibrinogenation by daily 1 hour LV. infusion of crotalase:

A blood sample was taken at zero t ime and crotalase (100 units/kg

body weight) was then infused. Daily 1 hour infusions were repeated

as indicated by the arrows. Fibrinogen was estimated daily and plotted

as described in the legend to Fig. 11.

Fig. 15 Burned rabbit defibrinogenation by daily 1 hour I.V. infusion of crotalase:

Two rabbits (8.5 ibs) were burned as described in the text. Blood samples

for fibrinogen estimation were taken as shown in the figure and crotalase

(100 units/kg body weight) was injected immediately into one of the

rabbits and daily infusions were continued throughout the course of

the experiment as indicated by the arrows.
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TABLE IV

Effec t of 1nhib~tor s on the Amidolytic  and Clotting Act ivi ty  of Crotalase

Name Amoun t Used °& Inhibition

Amidolytic Clotting
Activi ty Activity

Pancreatic Trypsin inhibitor 100 mg 0 0

‘.~~-Trypsin Inhibitor 1 mg 0 0

Soybean Trvpsin Inhibitor I mg 0 0

Ovomucoid 5 mg 0 0

Lima bean Trvpsin Inhibitor 1 mg 0 0

Hirudin 5 units 0 0

p-amino benzamidine 5 rng 25.b

rn-amino benzainidinc 5 mg 87.~ 100.0

Benzarnidine S mg 83.7

I... Arginine-L-aspastate 4 mg 0 0

Agmatine 4 mg 0 0
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Figure 9

~(ydro Iys is of Chromogenic Substrates
With Crotalase
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