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’bUMMAR\" o

G The newe growth factor from the venoms of Cratalus adammzteus and Bothrops
. Jamraca ‘was_ a.nalyzed by chromatography ‘and. gel filtration. The data obtained
suggest. that punﬁed nerve. growth factor aggregates and dissociates to form actwe‘
‘molecules of various molecular weights. Evidence was found for the ex1stence of an
active, nerve. growth factor, possibly. a fragment or a subumt having a. molecular

welght of less than 5,000.

ilm'rn‘obu‘onou |

" Venoms from the three families of po1sonous snakes have been shown to contain
a spec1ﬁc protem factor endowed with a unique nerve-growth promoting activity?-3.
Small amounts ‘of crude venom (o. 4—-0 2 ug protein) added to the culture medium of
explanted chicken.embryonic sensory ganglia elicit a vigorous outgrowth of nerve
ﬁbers~ - The vénom NGF was identified with a protein molecule of approximately .
20 ooo molecular Welght Gel ﬁltrat:xon stud1e34 however, have shown that the NGF
may ‘be presem: in various venoms at different levels of complexity. In the present
study, venoms-of two spec1es of Crotalidae were analyzed comparatlvely S

MATERIAL AND METHODS

Venom prepamtwns ' ’ ‘ ' ' e
‘The Butantan Institute of Brazﬂ kmdly supphed the venom of Bothrops ]aramca v

Crotalus adamanteus venom was’ purchased from Sigma Chemical Co. (St: Louis).
Various amounts’ of thesé dried venoms were. we:ghed and dissolved in the desu‘edf :
buffer, mamtammg the temperature from o——4 ‘After. centnfugatlon for 20 min at
10,000 r.p.m. in a Sorvall centmfuge at 0—4 the actwe supernatants were used for .

chromatography
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Assays
Nerve-growth promotmg act1v1ty was assayed m the fract1ons by the tissue-

culture ‘method-devised by LEVI- MONTALCIN15 ¢. using sensory’ ganglia from 8-day
chick embryos Series of ﬁve-fold dllutlons were. tested for each’ fraction. The d11ut1on
of ‘the’ purxﬁed fract1ons ‘was. performed in: phys1ologlcal salme contammg 2 mg/ml
-bovme serum albumm The presence of inert proteins at the: hxgher dilutions stabilized
ﬂ—n .'I\T("'I-T rnepnnen ‘ ﬁnp R1n]nmr~nl TTnﬂ- wsm defined as the. .qmnnnt of each frarhnn
necessary to produce a 3+ response in mtro (nerve ﬁber outgrowth) '

: Estero-protease activity. was: assayed by. the hydrolys1s of a-N-benzoy] -L-
'argmme ethyl ester (BAEE) obtained from Slgma Chem1ca1 Co 7 Incubatlons were
carned outin Tns—HCl buffer, 50 mM, pH 8 o. o :
, Protems ‘were measured- by ‘the method of LOWRY et al 8 usmg bovme serum
albumm as standard.’ Protein ‘concentration in chromatograplnc and gel ﬁltratlon
expenments was approxnnated by measurmg the opt1ca1 den51tv at 280 mu usmg a
Lelss spectrophotometer : : : g

'Chromatogm;bhy ami gel ﬁltratwn T o

' Sephadex G-T00 and G-75 medlum grade and Sephadex G-zs fine grade were
‘obtalned from: Pharmama (Uppsala). D1ethy1am1noethy1 cellalose (DEAE-cellulose)
'amon exchanger and carboxymethyl cellulose (CM-cellulose) catlon exchanger were

r,tyrosme from Srgma Chem1ca1 Co. were used to cahbrate the gel ﬁltratmn colundns
Chromatography and gel ﬁltratlon were carr1ed out at 4 N C

E lectrophoreszs and ultmcentmfugatwn o a ‘

N Electrophores:s on polyacrylamlde gel was carried out by the method of DAVIES?
and ORNSTEIN1® with the modifications of REISFELD AND LEwIs!! used for electro-
phoresis-at’ pH 4:3: Gels:were. stamed ‘with-Coomassie Brilliant Blue: Rz30 at-a 1%
concentration. in:12.59, trichloracetic acid. Ultracentrlfugatlon was: carrled out in-a
Spmco model E ultracentnfuge at 59 000 T. p m.. ST . G

‘iRESULTS e

NGF from Crotalus adamanteus venom ST O : e

, “The procedure adopted to analyze the N Gl‘ from th1s venom is summarued in
F:lg 1. The: supernatant from 1 g of crude venom dissolved in 6 ml of 50 mM Tris—-HCI
buffer, pH7.3, 'was:-directly ‘applied to:a large Sephadex G-100:column equlhbrated
with the solvent buffer. The most active fractions, eluted in a broad region from 60,000
to 20,000 molecular: weight, were- collected and -applied to-a DEAE: ‘column :after
dlalysrs against the startmg buffer, 5 mM Tris—HCI], pH .7.3. After thorough washing.
with the starting buffer, a gladlent -of NaCl (from o.to x M) was applied-to the column.
Al act1v1ty was’ recovered in the first unabsorbed peak and therefore together with
proteins’ having zero' or positive charge -under these conditions.. The active: DEAE
fractions ‘were pooled and concentrated by 1yophilization; -and then- applied: to a
Sephadex: G-75 column ‘at.pH 7.3. The NGF act1v1ty separated. in this. way .from a

shoulder of. n=+ernen activity and other components:was: equilibrated at pH 5.0 with

ﬂl‘vulu et b ot et uvbl'--J w - ) odbadd SSEE ST ST Wt
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I‘xg 1. Gel ﬁltratlon and chromatogra.phy of NGF from Crotalus adamanteus. (AY Sephadex G-IOO
column,. 115 X 3.5 cm, 50 mM Tris—HCI buffer, pH 7.3. . (B) DEAE-cellulose column, PH 7.3.
Dashed line indicates gradient of NaCl from o to 1 V. (C) Sephadex G-7 5 column, 106 X 1.5cm,
50 mM Tris~HCIl, pH 7.3."The dotted ‘line indicates localization of esterase activity" mea.sured
with BAEE -as substrate. (D) CM-cellulose column, pH 5.0. Solxd lmes mdlcate protein, concen-
tra.tlon Hatched areas localize NGF activity. - _ .. ‘ ‘ S

Fig. 2. Gel ﬁltratlon on Sephadex G-100 and G-2 5 of pur1ﬁed Cratalus adamanteus NGF a.t pH 5 o.
Bars indicate the elution volumes of cytochrome ¢ and tyrosine. , . v‘

acetate-acetic acid buffer, 50 mM.: Qhr tography ‘on a carboz;vmethvl cellulose
- column was then performed using a gradient salt elution of 0 tox M NaCl As shown in
Fig..1, ‘most of the proteins were bound to the exchanger and were fractionated into
a number of components. NGF act1v1ty ‘was localized primarily in the thlrd _post-
fgrachent peak, with a minor component of activity in the second. : ‘
" This most active fraction was concentrated by lyophilization and apphed toa
Sephadex G-Ioo column equlhbrated with acetate-acetic acid buffer, 50 mM, pH 5 o.
Asshown'in F1g 2, two main peaks appeared containing. approxlmately equal amounts
of NGF-activity. The first, ‘broad peak (A) was contained within elution: volumes
corresponding to a molecular welght of 30,000 to20,000; whereas, the second compo-
nent (B) was: eluted in-the range of 12,000 molecular weight. When: th1s second peak
of NGF activity was concentrated by lyophilization and reapplied .on. Sephadex;G-25
“column ‘at 'pH 5.0, again ‘two distinct- components. were. obtained. of approximately
-equal specific: activity.. The first-was eluted in 'the. exclusion volume and the second(C)
was rétarded. Ultracentrifugal analy51s of components ‘A and B gave Szo,u values of
C 2, 53s and: 1. 565 respectively (Fig. 3). As:shown-in. Fig. "3, the sedimentation. proﬁle’
. emerges as a single symmetrical peak, however, after 96 min the pattern of: B ‘begins.
to broaden and flatten: assymetncally, that of A broadens but remains. symmetncal
L ‘,,;f,.fAnother similar preparatlon when fractlonated on- Sephadex G-100 at pH 7.3}
' 50 mM Tms—-—HCl buffer gave rise ‘to three protein peaks havmg a.pprox1mately the
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Fxg ‘37 Ultracentrifugation 6t NGF medmm molecu]ar“"exght componentb AL a.nd B (see text)
from: Crotalus admanteus venom.. Runs ‘were performed’at a rotor:speed: of . :59,000 r.p.m. Samples
‘were: dxssolved in 1comM acetate—acetxc acid ‘buffer. pI-I 5.0 Photographs were taken every
16 mm The photoglaphs from- left to right are at times of 112 , 64, 48, and 16 mm, respectxvely

eame NGF SpeCIﬁCIty As seen in I‘lg 4 ‘the first peak was excluded from the G-IOO‘ :
and is thus of. molecular welght greater than 100,000.. T he second peak appeared at
the same point.as the A component of the other preparations, and had a similar S20,w
-of 2.56. The third broad peak D appeared later in the chromatogram as comparedto B .
of the earlier preparations, and when rechromatographed on Sephadex G-zs appeared ‘
as a sxngle, shghtly retamed peak

T
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»\1“‘1g 4. Gel filtration of a: punﬁed Crotaluis. adamanteus NGF on Sephadex G-100 at pH 7. 3 I-Ia.tched
areas indicate NGF activity. '
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molecular forn‘if f Gl‘.”ob_ il ; ; :
A.and B have 1dentlcalapatterns" achz»havmg two well-separated cathod1c bands: The
first excluded . peak, however,:. contained only the more ‘rapidly moving component
plus several slowly m1grat1ng ‘bands. ’I‘he low molecular weight C fraction on the other
band,. had in common  with the others only the faster mlgratmg component plus'
.another more cathodic band., The low molecular welght fraction D exhibited only a
single,’ very. fast-movmg component When unstained’ gels of components A, B, C,

and D were sliced ‘and’ extracted with cold physwloglcal saline, NGF . act1v1ty could
be recovered from the areas correspondmg to each band w1th no act1v1ty 1n other
parts of the gel SRR ‘

NGF from Bothro;bs ]ammca venom B S
... When one gram of venom’ from Botkroj)s ]ammca was fractmnated through
.Sephadex G-100 at pH 7.3 (Fig. 6), most of the NGF. act1v1ty was recovered around
the region of 40, 000 molecular we:ght ‘The active fract1ons -were pooled and applled to -
to DEAE column under the conditions described Drev1ouslv for the C. adamanteus'
‘venom.. The: ma]or part of the act1v1ty was found in the ﬁrst unabsorbed peak Some
.NGF. act1v1ty under these cr;nd1t1ons ‘was, however cons1stently found soon after the :
-.gradrent began. Upon rechromatography of each Ppeak using 1dent1ca1 condltlons th "“'re
_was ev1dence of partial mterconversmn of one form. 1nto the. other
The pre-gradlent peak was d1alyzed agamst 50 ‘mM acetate buffer pI—I 5 o a ,d-”
apphed to a. CM-cellulose column After 1mt1al washmg W1th tlus startmg buffer, a
hnear salt gradlent from .0 to M. of NaCl was a.pphed As shown m I‘]g 7, the act1v1ty -

-..__.1 _.‘_‘l- 'ﬁ PR o Ama o

'was cl.uu:u in a uu.ucr pbroad peax. Iisterase acuvuy as mcaaui‘cu by: the h yuuuyma uf. _
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Fig. 6. Gel filtration and DEAZE-cellulose chromatography of NGF from Bothrops ]aramca venom.
I—Iatched areas localize the NGI" actxvxty

BAEE was also found in this peak, but’ ‘could be separated from NGF upon rechro-
matography using a parabolic gradient fromo to 0.5 M- NaCl (pools 1-and 2). Successive
rechromatography on CM-cellulose of both pools resulted in a further localization, of
the NGF activity. The most, active fraction from both were finally pooled together
and passed-again over' 'CM-cellulose. The -activity was now recovered in one; sharp
symmetrical peak. After concentration by lyophilization and subsequent dialysis, an
analytical Sephadex G-100 chromatography (Fig.7) revealed a pattern of protein and
activity similar to 'that obtained:for Crotalus adamcmteus the central peak having a
moler‘ular weight.of approx1mately 30,000,

-~Similar; results were  obtained: when:the NGF fraction separated ‘on DEAE-
cellulose after the start.of the' grad1ent was apphed on Sephadex G-100. Again NGF
'act1v1ty was found distributed’in a broad area ranging from'very high (greater than
100,000) :to very low molecular welght forms: It is-of interest that when the:lowest
molecularweight forms of NGF were pooled together-and: analyzed througha Sephadex
G-25 column; ' they were found to have an elution volume sensibly greater than thevoid
volume, and must therefore be of a molecular welght below 5 000:

DlSCUSSION-

LEVI‘-‘MONTALCINI first demonstrated that the nerve-growth-promotirig activity
elicited by some 'mouse tumors was due to a diffusable agent.:In-subsequent: work,'a
nerve growth factor: havmg 51m11ar biological propertles wasisolated in great quantities

and identified as a'protein molecule. The'protein nature of:ithe NGF was:demonstrated
by ‘CoHEN ‘andrepeatedly: confirrned thereafter. The results of :the: present study
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Fig. 7. Chromatography and rechromatography of Botkrops 3ammca NGF The first’ CM-cenulose
chromatography was performed with a linear gradient of NaCl concentration from o to 1 M NaCl.
Subsequent, rechromatographles were' performed on CM-cellulose columns’ usmg parabohc gra-~
dients‘of NaCl from:o.to 0.5 M. The ‘Sephiadex’ G-100 column was equilibrated with somM
‘Tris=HCI pH 7.3 4 0.100 M-NaCl. Solid line, absorbance at 280 mu. . Dotted line, esteroprotease
activity measured by hydrolysis of BAEE. Hatchecl areas, NGF actxv1ty

ER

demonstrated that snake venom: NGF may ex1st in multlple molecular forms M1ld‘
fractionation procedure such as gel filtration, revealed that there exists for, each venom
a predommant m01ety of a given molecular weight: value ranging in the species investi-
‘gated from 60,000 to 20,000%. It 'should be pointed out that significant. amounts iof
NGF act1v1ty are :also found-in other regions of the chromatogram corresponding.to
lower and: hxgher molecular wexghts ‘The possibility that the various molecular forms
of :NGF.: could .arise . from..an_association-dissociation: -equilibrium of. fundamental
subumts rather than from. unspec1ﬁc interactions, was . 1nvest1gatec1 w1th purified:
»preparatlons from Crotalus adamanteus and. Bothrops, Jararaca venoms. In both cases
there was ev1dence strongly in favor of this hypothesis.' A highly purlﬁed and very.
active preparatxon from Crotalus adamanteus was resolved into two active components-.
by gel filtration on Sephadex G-100. The second component undergoes further dis-.
sociation when processed on. Sephadex G-25, giving rise to a. form of molecular. we:ght
of approx:mately 5,000, Another punﬁed preparation was resolved into.three compo-:
‘nents on:G-100, one- of which'.was excluded from the. column and; therefore appears.to
be a large aggregate of NGF. molecules. Tha,t two of. the forms, .with an. Sgo,w of:2.53.
‘and ‘I.56; respectlvely, had identical’ electrophoretlc patterns consisting. of two.. actlve;}f

'-f;:;Ghrwqt_ogm37, 4(49,68);'62-:69 :
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bands, could be-attributed to the fact that each band represents a distinct actlve
subunit or that each band represents a different state of aggregation of 1dent1cal sub-
units.

-The results obtained from Bothrops jararace give, evidence 51m11ar1y for the
existance of various molecular forms of NGF, Molecular heterogene1ty was here ev1dent
from both chromatographic and gel filtration data. Two forms of NGF were in fact
separated by DEAE chromatography. On rechromatography, each of these forms
seemed to be moderately interconvertible to the other. form. It is possible that this
chromatographic behavior may result from the 1nteract10n of the NGF w1th other
molecules, from conformational changes of the NGTF, or from different states of aggre-
gation of the NGF. One of these forms was further purified untilit appeared chromatog-
raphically homogeneous. Nevertheless, this form was heterogeneous with respect to
molecular weight when analyzed on Sephadex G-100, in a similar manner to the results
obtained with Crotalus adamenteus NGF. :

. It is of interest that in both cases a fully active NGF of very low molecular
weight, tentatively: below 5,000, could be clearly demonstrated. This form may
represent a fundamental NGF monomer or an NGF. fragment produced during: ‘the
various fractionation procedures incomplete but still .carrying . biological act1v1ty
Immunochemlcal studies now in ‘progress are expected to shed light on this problem
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