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Abstract

Nasulysin-1, a new zinc-metalloproteindsam the snake venom of the hognose pit viper
Porthidium nasutum, was purified to homogeneity using molecular esido
chromatography and high performance liquid chrogaphy on a reverse phase column.
The molecular mass of the purified enzyme was Zbi0a and pl 4.1, as determined by
1D and 2D polyacrylamide gel electrophoresis. Ldquhromatography coupled with
tandem mass spectrometry (LC-MS/MS) analysis ofNRerminal amino acid sequence
(4FSPRYIELVVVADHGMFKKYNSNLNTIR; ;TASLANLEVWSK,; 1DLLPRg) of the
purified nasulysin-1, shows close structural horgglowith other snake venom
metalloproteinases isolated from different snakeowes. The purified nasulysin-1 showed
specific apoptosis-inducing activity in Jurkat akB62 cells, a T-cell acute lymphocytic
leukemia (ALL) and chronic myeloid leukemia (AMLEIt model, respectively, without
affecting the viability of human lymphocyte cellfter 48 h treatment, nasulysin-1 (20
po/mL) induced loss of the mitochondrial membrarseptial AW.), activated the
apoptosis-inducing factor (AIF), activated the paste caspase-3, and induced chromatin
condensation and DNA fragmentation, all hallmarksapoptosis. These results strongly
suggest that nasulysin-1 selectively induces apiptio eliminate leukemia cells. Thus,
these data warrant further investigation into tlse wf the metalloproteinase protein,

nasulysin-1 as a potential therapeutic agent &ating leukemia.
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1. Introduction

Acute lymphocytic leukemia (ALL) and chronic myaldeukemia (CML) are hematologic
disorders characterized by uncontrolled cell préidacof lymphoblast and myeloblast
cells, respectively, in the bone marrow. At presdmwever, little is known about its
causes. According to recent data by the Americarc&@aSociety, about 12,910 new cases
and about 2,590 deaths occurred in the United Stdtging 2015 from ALL/CML
(http://www.cancer.org/cancer/leukemia). Despiteogpoessive improvements in the
efficacy of treatmentJu et al., 2014; Jamison et al., 20)6and increased knowledge
about the biologic features of leukemia celsiinck et al., 2019, a subset of patients
relapse or remain refractory to chemotherapy aridkarase treatmentd_6catelli et al.,
2012; Frey and Luger, 2015; Lim et al., 2015; Muraka et al., 201¢. Therefore, ALL
and CML are incurable diseases in an importanttitacof pediatric (~10%) and adult
(~30%) patientsAugust et al., 2013. One of the major reasons for this outcome minght
cellular evasion of apoptosigi&dnahan and Weinberg, 201} -a regulated form of cell
death. Apoptosis is characterized by morphologarad biochemical changes such as the
reduction of cellular and nuclear volume, loss tdsma membrane, dissipation of the
mitochondrial membrane potentidd¥m), loss of the mitochondrial membrane potential
(MMP), massive activation of caspases (e.g., casBgsactivation of the apoptosis-
inducing factor (AIF), chromatin condensation, dDNA fragmentation Kroemer et al.,
2009; Galluzzi et al., 201p Therefore, a rational strategy would be to statei ALL/

CML cells to trigger apoptosis.
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Porthidium nasutum (P. nasutum, hognose pit vipers) are found from northwesteexido
throughout Central America to Panama and the Caaibbowlands, and further from
northern Colombia to Ecuador (http://www.iucnreddisg/details/64344/0). Interestingly,
snake venoms are complex mixtures of proteins, Ijnaith enzymatic activities capable
to kill different tumor and leukemia cell lines Bpoptosis Yyas et al., 2013; Calderon et
al., 2014. Snake venoms therefore represent a potentiadaacer sourceljtkin, 2015).
Recent proteomic analysis of tRenasutum venom from Costa Rica has shown SVMPs as
its major component (52.1%, expressed as percentagetent) followed by moderate
amounts of phospholipases A2 (PLA2, 11.6%), C-tigmin/lectin-like (CTL, 10.4%),
disintegrins (DIS, 9.9%), serine proteinases (S8%9, and low/scant amounts of L-amino
acid oxidases (LAO, 3%), bradykinin-potentiatingppdes (BPP, 1.9%), cystein-rich
secretory proteins (CRISP, 1.3%), and nucleotidgd#3CL, 0.2%) [Lomonte et al.,
2012. Recently, an acidic phospholipase, Aas shown antibacterial activity from
ColombianP. nasutum snake venom\{argas et al., 2012 However, whetheP. nasutum

venom is capable to induce cell death in AOML cells is not yet established.

Snake venom metalloproteinases (SVMPs) are monoendopeptidases classified
according to their functional domain organizatia Rl class metalloproteinases (20-30
kDa), composed of one metalloproteinase domainl; ¢alss metalloproteinases (30-60
kDa), composed of a metalloproteinase and a dmyimedomain; and P-lll class
metalloproteinases (60-100 kDa), composed of a lloptateinase, a disintegrin, two
lectin-like and cysteine-rich domaingdcalante et al., 2011)Although the functional
activities of SVMPs are mainly associated with hetmage or the disruption of the

homeostatic system (i.e., proteolysis of fibrinogdorin, and capillary basement), SVMPs
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are also able to provoke apoptosis in cell lineshsas human umbilical-vein endothelial
cells, endothelial cells, and rat smooth musclésg@lakeda et al., 2012 However, no
data are available to establish whether SVMPs qaecifically induce apoptosis in

leukemia cells.

To gain insight into the biological activitied ColombianP. nasutum venom, the first aim
of this study was to determine tle vitro effect of various concentrations of cruBe
nasutum snake venom and isolated venom fractions on Jickate E6-1) and K562 cell
lines, as models of human T cell ALL and human CNgspectively. Analysis of cell
nuclear morphology by fluorescence microscopy amduation ofA¥Ym by flow cytometry
revealed that crudé. nasutum snake venom induces both apoptosis and necrosis —
characterized by cytoplasmic swelling, rupture bE tplasma membrane, and mild
clumping of nuclear chromatin, while the fractioRsl-VI and sub-fractions SF IV.1-9
induced only apoptosis in Jurkat and K562 cellaisThhe second aim of this study was to
further isolate a small SVMP (MW ~26 kDa), namedeéeadter nasulysin-1from P.
nasutum venom, and evaluate its capacity to provoke apmptell death in Jurkat/K562
cells and normal lymphocytes, as control non-leuketells. To further characterize the
molecular mechanism of apoptotic cell death indéks treated with nasulysin-1, AIF and
Casp3 activation were quantified by immunocytoctstmi Our findings suggest that
nasulysin-1 specifically induces apoptosis in leniecell lines. Accordingly, the current
effort is directed towards biologically driven theres Saedi et al., 201 and nasulysin-1
might be a useful metalloproteinase protein to stigate as a potential therapy to treat

leukemia.
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2. Materials and methods

2.1 Reagents
3,3’-dihexyloxacarbocyanine iodide (DiQ@@), cat # D-273) was obtained from Invitrogen
Molecular Probes (Eugene, OR, USA). All other redgeavere purchased from Sigma-

Aldrich (St. Louis, MO).

2.2 Venom

Venom was obtained by manual extraction ofPdhasutum specimens from the state of
Antioquia located in northwest Colombia. The vipare maintained in captivity at the
Universidad de Antioquia’s Serpentarium (Medellglombia). Venoms were centrifuged

at 800g for 15 min, and supernatants lyophilized and state-20 °C.

2.3 Purification of the venom ofP. nasutum by molecular exclusion chromatography

and HPLC.

The crude venom fronf. nasutum (150 mg) was fractionated by molecular exclusion
chromatography using a HiPrep 26/60 Sephacryl S{2BOcolumn (16 mm, Pharmacia
Biotech, cat# 17-9511-01). The sample was sepamagety 0.5 mM sodium phosphate
buffer (pH 7.2) at a flow rate of 1 mL/min. The dt@ns obtained were dialyzed,
lyophilized and stored at -20 °C. The fraction 12 fng) dissolved in 20QL 0.1%
trifluoroacetic acid (TFA) was further fractionatéy reverse- phase high performance
liquid chromatography (RP-HPLC) using a Pinacle OB3 column (250 mm x 4.6 mm, 5

um particle size, 140 A pore size, RESTEK Corporgtcat-#414575) eluted with a O-
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66% acetonitrile gradient in 0.1% trifluoroacetwda(TFA) and developed on a Shimadzu
Prominence system at a flow rate of 0.7 mL/min. &bance was monitored at 215 nm.
The fractions were manually collected and driedemncacuum in a Eppendorf vacufuge
concentrator until total evaporation of the eluel@amples were then stored at 4 °C to

evaluate their pro-apoptotic activity.

2.4 One-dimensional (1D) and two-dimensional (2D)I&ctrophoresis.

The crude venom, the fractions (F I-VI) and sulzticn IV.5 (SF 1V.5) obtained from the
venom ofP. nasutum were analyzed by denaturing (1D) SDS-PAGE eletinogsis (5 min
at 90 °C) in reducing conditions (2 mL of 1 mM DTBamples (2@ug) were separated on
a 12% polyacrylamide gel at 120 V for 1 h and 3@.nfior 2D electrophoresis, a total of
250 pg of protein was loaded onto 7-cm DryStrip stripghva non-linear pH of 4-7 (GE
Healthcare Life Sciences, cat # 17-6001-14) arahatl to hydrate passively for 12 h. The
first dimension (isoelectric focusing) was conddct¢ 20 °C with a 50 mA current per
strip, using the Ettan IPGphor 3 system (GE Healthd.ife Sciences, cat # 11003364)
until 12,000 V/h was reached. The strips were dgpailed by incubating them in buffer | (7
mM Urea, 4mM de thiourea, 4% CHAPS, 1 mM DTT and afgpholytes) for 20 min,
followed by incubation in buffer 1l (6 M urea, 29DS, 375 mM Tris—HCI pH 8.8, 20%
glycerol, 25 mg/mL of iodoacetamide) for 20 min.t&f equilibration, the strips were
placed on 12.5% acrylamide/bis-acrylamide gels,tardsecond dimension was conducted
using the MiniPROTEAN system (Biorad, cat # 16580286rcules, CA) at 100 V for 120
min. The gels obtained from 1D and 2D were fixedXd in a solution of 50% methanol

and 10% acetic acid, and subsequently stained®BtB R250 and/or silver nitrate.
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2.5 Protein preparation and analysis by LC-MS/MS

The protein spot of interest from sub-fraction I(SF IV.5), visualized by CBB R250
staining, was excised from blue native gel andeheijgested with trypsin was performed
according to laboratory standardized procedures. gdptides were taken up in 10 pL of
0.05% TFA and 4 pL was loaded onto 5 mm x 300 pdntrapping column on the
nanoLC-MS/MS Ultimate 3000 system (Dionex, Amstenddhe Netherlands), which was
interfaced to an LTQ Orbitrap hybrid mass specttemgThermo Fisher Scientific,
Bremen, Germany) via robotic nanoflow ion sourcé/&rsa (Advion BioSciences Ltd.,
Ithaca, NY) equipped with a LC coupler, accordimgJunqueira et al., (2008).The
acquired spectra were contrasted first with the N@Botein library without species
restriction using v.2.2.0 software MASCOT (Matrixciéce Ltd, London) under the
following parameters: 5 ppm and accuracy of maSskDa for precursor and fragments,
specific enzyme: trypsin, two missing cuts, varabilodifications: propionamide oxidized
methionine and cysteine. All pairings with more rthiavo peptides and protein result
(score) above 100 were evaluated manually. Predictiovo sequence was made by
sequence similarity in the databases, the searshdexeloped using the software and the

MS PepNovo BLAST tool, according Waridel et al (2007).

2.6 Isolation of lymphocytes.

Peripheral blood lymphocytes were obtained fromvia@ous blood of healthy adult males
(30-40 years old) by gradient centrifugation (lyrapyte separation medium, density:
1.007 G/M; Bio-Whittaker Inc., Walkersville, MD, W and cultured as described

elsewhereAvila-Gomez et al., 201]
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2.7 Leukemia cancer cell culture
Jurkat clone E6-1 (ATCC® Catalog No. TIB-152™) aK862 (ATCC® Catalog No.
CCL-243™) were cultured according to supplier'sidations. Cells at 1 x f@&ells/mL

(passage 5-10) were exposed to crude/fractiongfagbens ofP. nasutum venom.

2.8 Experiments with leukemia cell line and lymphogte cells.

2.8.1 Morphological assessment of cell death by fluorescence microscopy using acridine
orange/ethidium bromide (AO/EB) double staining.

The cancer cell suspension (1 mL, final volume) wrmgosed to increasing concentration
of crude, fractions and sub-fractions fréhnasutum snake venom concentrations (10, 20,
50, 100, 200, 40Qug/ml) freshly prepared in RPMI-1640 medium for 24at 37 °C.
Lymphocyte cells and cancer cell suspension weadd with sub-fraction IV.5 (SF IV.5,
20 pg/ml) snake venom for 48 h at 37 °C. The cells wiwen used for fluorescence

microscopy analysis as detailed elsewh8an(lla-Porras et al., 2014.

2.8.2 Analysis of Mitochondrial Membrane Potential(A¥x) by Flow Cytometry and
Fluorescent Microscopy.

Jurkat and K-562 cell lines and lymphocyte cellgeveated as described above. Cells
(1x1C cells/mL) were then incubated with 10 nM cationjmphilic DIOCs(3) for 20 min

at RT in the dark. Cells were then analyzed usifigva cytometer Beckman Coulter Epics
XL, according toBonilla-Porras et al.,, 2014 The assessment was repeated 3 times in

independent experiments.
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2.8.3 Immunocytochemistry detection of caspase-3 dnapoptosis-inducing factor
(AIF).

Untreated or treated leukemia and Ilymphocyte cellgere subjected to
immunocytochemistry assayBhe Santa Cruz Biotechnology (SCB) supplier protgoat
ABC staining System (cat # sc-2023) was followed tfee immunocytochemistry using
primary goat polyclonal antibodies for caspasee® fcsc-22171) and AlF (cat # sc-9417).
The cells were immune-stained and diaminobenzidiositive (DAB’) cells were
quantified blind to the experimenter. Cells withclaar DAB' staining were counted as

cells with active caspase-3 or AlF proteins, inthca of apoptotic cell death.

2.9 Photomicrography.
The light microscopy and fluorescent photomicrogsaghown in the figures were taken
using a Zeiss (Axiostart 50) microscope equippethwa Canon PowerShot G5 digital

camera.

2.10 Statistical Analysis.

The aforementioned parameters were quantified bwytaoy a minimum of 500 total cells
blind to the experimental setting and viewer. Thepegiments were performed in 3
independent settings. Data are means = S.D. oé tim#ependent experiments. One-way
analyses of variance ANOVA with Bonferroni or Garté®wvell post-hoc comparison were

calculated with SPSS 18 software. A p-value ofG5Qvas considered significant.
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3. Results

3.1 CrudeP. nasutum snake venom induces both apoptosis and necrosisJarkat and
K562 cells.

As a first approach, leukemia cells were exposedrtaleP. nasutum snake venom. As
shown inFig. 1, crude venom induced cell death in Jurfiag. 1A) and K562(Fig. 1C)in

a concentration dependent manneig( 1B and 1D, according to nuclei morphological
changes such as chromatin condensation, DNA fragatien, and mild clumping of
nuclear chromatin detected by conventional AO/Eéhtéque, and loss of mitochondrial
membrane potential detected by flow cytometry. b&sbly, apoptosis (~30%) and
necrosis (~60%) morphology of cell death were olestrat higher concentrations (e.g.,
100-400 pg/mL). Remarkably, the K562 cell line veagnificantly more sensitive to the
crude venom than Jurkat cells. For example, 100nugérude venom induced 30%
apoptotic nuclei morphology and 43% necrotic nunterphology in Jurkat cells, whereas
the same concentration of venom induced 100% nisaro&562 cells. These observations

prompted us to further examine the effecPohasutum venomon leukemia cells.

3. 2 Purification of nasulysin-1 fromP. nasutum.

Crude snake venom froR nasutum fractionated by column chromatography on Sephacryl
S-200 resulted in six fractions named FI, FIl, FHYV, FV and FVI FEig. 2A). The
proteins migrated as single bands correspondingndtecular masses ranging from ~72
kDa to ~12 kDa during SDS/PAGE (7.5% polyacrylanmifieig. 2B). The pro-apoptotic
activity of the fractions (20-300 pg/mL) were assyby monitoring the nuclear

morphology of Jurkat and K562 cells with AO/EB stag andAY,, with DiOCgs(3) flow
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cytometry, respectively. Although all the fractiolested induced apoptosis in both of the
leukemia cell lines (data not shown), fraction Mg 2C and D was selected for further
experiments. It was chosen because it displayekick single band with a molecular
weight of ~26 kDa, consistent with a low moleculeweight protein such as a

metalloproteinaseHg. 2B), asdescribed by.omonte et al (2012.

Further purification of fraction IV by HPLC vyieldedine peaks corresponding to sub-
fractions SF IV.1-9 Ekig. 3A). Clearly, the pro-apoptotic activity of the subdtion SF
IV.5 induced >25% apoptosis morphology in both aurig. 3B) and K562 Fig. 3C)
cells. Importantly, the electrophoretic profilesafb-fraction SF IV.5 showed a thick single
band under non-reducing conditions, and, in a leditional electrophoretic profile, it

showed a MW of 25,900 kDa and pl 4Fid. 3D).

3.3 Nasulysin-1shares homology with other SVMPs fronBothrops spp.

The nasulysin-1(SF IV.5) submitted to LC-MS/MS analysis identifi¢dree peptides
1FSPRYIELVVVADHGMFKKYNSNLNTIR,s  ;TASLANLEVWSK,; DLLPRs. These
peptides shared important similarity with other SR8/ according to a BLAST sequence

analysis Fig. 4).

3.4Nasulysin-1selectively induces apoptosis in leukemia cells.
Next, we evaluated the cytotoxic effect of nasuiykion the leukemic Jurkat and K562 cell
lines, as well as on normal human lymphocytes,omslaukemic control cells. As shown in

Fig. 5, Jurkat and K562 but not lymphocytes, showed stfrcell death by apoptosis when
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exposed to nasulysin-1 (2@/mL), according to AO/EB staining ad¥,, analysis Fig.
5A). Notably, K562 cells were significantly more séing to nasulysin-1 than Jurkat cells.
Most importantly, lymphocytes did not show signsapbptosis or necrosis as measured by

the methods employedérig. 5B).

Since Jurkat and K562 cells exposed to nasulydiisftlayed the typical morphological
features of apoptosis, i.e. chromatin condensationndication of the apoptosis-inducing
factor (AIF) activity (e.g.Fig. 6A, inse), and nuclei fragmentation, as indication of the
protease caspase-3 (Cas-3) activity (€ig. 6A, asterisk), we further investigated the
involvement of AIF and Cas-3 in nasulysin-1-inducgebptosis. As shown iRig. 6B,
nasulysin-1 (2@ug/mL) induced the activation of Cas-3 (i.e., DARuclei) and AIF in both
cell lines, as indicated by the presence of DABImunocytochemistry staining in the
nucleus Fig. 6C). No statistically significant difference betwepasulysin-1 treated and

untreated lymphocytes was identified when compafifigand Cas-3 activityKig. 6C).
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4. Discussion

In this study, we describe the purification of &itofrom P. nasutum snake venom that
specifically induced apoptosis in ALL and CML catiodels. The fractionation of tHe
nasutum venom was carried out by two chromatography step®lving molecular
exclusion chromatography on a Sephacryl S-200 HRnoo and reverse-phase HPLC
chromatography; and LC-MS/MS analysis. The purifigdtein, named nasulysin-1 (SF
IV.5), showed a homogenous single band of 25,908 k26 kDa) with a pl 4.1, according
to 1D and 2D gel polyacrylamide gel electrophoresize LC-MS/MS analysis identified
three peptides FSPRYIELVVVADHGMFKKYNSNLNTIR2s; 1 TASLANLEVWSK5;
1DLLPRs that showed sequence homology with other SVMBr{ardes et al., 2008;
Ferreira et al., 2009; Gomes et al., 20)1This observation indicates that SVMPs are
highly conserved through several genera and spetiepers. Interestingly, BmooM#.,
BaP1, Leuc-A and BleucMP toxins froBr moojeni (Bernardes et al., 2008)B. asper
(Watanabe et al., 2003pndB. leucurus (Ferreira et al., 2009; Gomes et al., 20)Jare
homomeric proteins composed of 22-23 kDa polypegticesembling nasulysin-1. The
findings reported here suggest that nasulysin-1 &&n considered a P-lI class
metalloproteinase since it showed high amino aeiquence homology and molecular
weight similarity with other SVMPHFigure 4). However, to confirm this, analysis of the

complete nasulysin-firoteinamino acidsequence is required.

We report for the first time that nasulysin-1 sfieally induces apoptosis in Jurkat and
K562 cell models of T-cell ALL and CML, respectiyelby both caspase-dependent i.e.,

Cas-3 dependent, and caspase-independent i.e.dep&ndent, mechanisms. Several
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observations support our assumption. First, whekajiand K562 cells were exposed to
nasulysin-1, we observed morphological and biochahuhanges typical of apoptosis such
as loss ofAW,, activation of the protease caspase-3 and oflgwegrotein AlF. Indeed,
loss of AW\, caspase-3 and AIF activation have been consistaslgl as classic markers of
this type of regulated cell death proce&alluzzi et al., 2012. However, how exactly
nasulysin-1 provokes apoptosis in Jurkat/K562 dslisot fully established. Since most of
the SVMPs PI class metalloproteins operate throdeggrading extracellular membrane
proteins, cellular membrane proteins and intergatiith specific receptors (e.@kamoto

et al., 2014; Calderon et al., 20)4it is reasonable to think that nasulysin-1 miglgger
cell death through an extrinsic apoptotic pathwajeukemia cells4aman et al., 2014
However, other mechanisms such as cellular intematédn of toxin and direct damage of
mitochondria should also be consider&aganov et al., 2014 Interestingly, lymphocytes
treated with nasulysin-1 showed no signs of apaptoben compared with naive cells. To
our knowledge, this is the first report demonstrgtthe selective cytotoxic action of a
small molecular weight SVMP, specifically from. nasutum. This cell-type specific
cytotoxic action displayed by nasulysin-1 is catid this SVMP were to be developed as
an anti-leukemic agent. Taken together, these teesulggest nasulysin-1 as a promising

anticancer drug.

Here, we showed that sub-fraction I1V.5 (SF IV.5uned apoptosis in Jurkat/K562 cells.
However, we also observed that other sub-fract{eres, SF 1V.9) induced apoptosis. This
observation suggests that, except nasulysin-1y gteuncharacterized SVMPs might be

present in the fraction IV fronP. nasutum venom Moura-da-Silva et al., 2011)
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Effectively, analysis of SF IV.9 by MALDI-TOF teclque showed high homology to other
SVMPs (e.g., KSHDNAQLLTNTDFDGPTIGLAYVGTMCDPK, m/z 386.6, z:1,
UniProtKB Q8QG89.1). This observation implies tlegither the sub-fractions (e.g., SF
IV.1-4, .6-9) represent different SVMP proteinsrepresent partial fragments of a bigger
SVMP with pro-apoptotic activity. Further study reow in progress to identify the
remaining proteins, mainly from sub-fraction SF B/and 8 which induced between 40-
50% apoptosis in leukemia cells. We hypothesizé shah proteins might also belong to

SVMPs.

Our results show that crude venomPofnasutum induces both apoptosis and necrosis in
leukemia cells. This is compatible with the notibat P. nasutum snake venom might be
an important source of potentially biologically iget agents not only against leukemia
cells, as demonstrated in this work, but also ajaither cancer cells. This hypothesis is
re-enforced by the fact that a proteomic analyas demonstrated thBt nasutum venom
contains other important proteins such laamino oxidase (LAO) with potential pro-
apoptotic activity Costa et al., 20131 Interestingly, Apoxin-I, a LAO purified from
Crotalus atrox, induced apoptosis in human promyelocytic leukemia60, U337 and
K562 (Torii et al., 1997). However, no data on toxicity specificity was &imo Therefore,
further investigation is warranted to establish thbe other SVMPs, LAO and/or PLA

from P. nasatum might specifically induce apoptosis in leukemidisce

Conclusions.
Nasulysin-1lis a SVMP isolated fror®. nasutum that showed toxic specificity on leukemia

cells. These findings open perspectives for futovestigations into the use of nasulysin-1
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361 as a model therapeutic agent against leukemiahé&umbre, since the crude venom, other
362 fractions and sub-fractions from the venom showsdlaukemia activity, thé. nasutum

363  venomprovides an important biological sourceinvestigate anticancer drugs.
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Figure Legends.

Figure 1. Crude venom fromP. nassutum induces nuclei fragmentation/ chromatin
condensation and dissipation of mitochondrial membaine potential in leukemic cells
as indicative of apoptosis or necrosis.

Jurkat (A and B) and K562 (C and D) cells were agitleft untreated or treated with
increasing concentrations (10-4Q@®/mL) of crude venom (CV) for 24 h. Nuclear
morphological changes were evaluated using AO/Ednisty andAWm was evaluated
using DIOG(3). The circles represent the percentages of ap@ptosis (early and late) and
loss of AWm produced by each treatment. Insets in A and @/stiouclear fragmentation
typical of apoptosis, and cytoplasmic swelling, tawp of plasma membrane, and highly
chromatin condensation (yellow-red fluorescence)icgl of necrosis. The ANOVA
revealed significant differences among the gropgs(.001. The Bonferroni comparison
test showed significant differences in a percentafyjénduction of apoptosis, necrosis
between each treatment vs. untreated groups .0001. NOR= normal, NEC= necrosis,

APO= apoptosis. Magnification 400x
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Figure 2. Purification of crude venom into six frations: Fraction IV induces apoptosis

in leukemia cells.

(A) Size-exclusion chromatography of crude venom fRortidium nasutum (150 mg) on
Sephacryl S-200 HR, in 0.5 mM phosphate buffer {pB) at a flow rate 1 mL/min; 0.5
mL/tube, yielded six fractions (I-VI). Fraction I\¢ shown as black under the curvB) (
SDS-PAGE 12.5% (wl/v) profile analysis of (2@) fraction (I-VI) stained with silver
nitrate; C and D) Fraction IV induces apoptosis in both Jurkat &2 cells. Jurkat (C)
and K562 (D) cells were either left untreated eated with increasing concentrations (20-
300 pg/mL) of fraction IV for 24 h. Nuclear morphologloghanges were evaluated using
AO/EB staining andAWm was evaluated using Di@@). Bars represent normal (NOR),
total apoptosis (early and late APO), necrosis (NE@Gd loss ofAW,, produced by each
treatment. The ANOVA showed significant differen@@song the groupg< 0.001. The
Bonferroni comparison test showed significant défeces in the percentage of induction of

apoptosis/necrosis between each treatment vs.atetrgroup, *p< 0.0001.

Figure 3. Purification of fraction IV from P. nasutum venom by RP-HPLC.

(A) Fraction IV (2 mg) dissolved in 2Q0L 0.1% trifluoroacetic acid (TFA) was further

fractionated by reverse- phase high performanaedighromatography (RP-HPLC) using
a Pinacle DB C18 column (250 mm x 4.6 mm, 5 pmigartsize, 140 A pore size,

RESTEK Corporation, cat-# 9414575) eluted with &&% acetonitrile gradient in 0.1%

trifluoroacetic acid (TFA) and developed on a ShdimaProminence system at a flow rate
of 0.7 mL/min. Absorbance was monitored at 215 @incles represent sub-fractions (SF

IV. 1-9); B and C) SF IV. 1-9 induce apoptosis in both Jurkat anédXS8ells. JurkatR)
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and K562 C) cells were either left untreated or treated w8 pg/mL) SF IV.1- SF IV.9
for 24 h. Nuclear morphological changes were etalll using AO/EB staining adVm
was evaluated using DIQ(3). Bars represent normal (NOR), total apoptosssly and late
APO), necrosis (NEC), and loss At produced by each treatmer(D) 2D gel
electrophoresis of sub-fraction SF IV.5 (red cirghe A) shows a band of 25.9 kDa

molecular weight, and isoelectric point of 4.1.

Figure 4. (A) Nasulysin-1 partial sequence alignment with som®&B\metalloproteinase
homologous sequence obtained from Uniprot proteita.d Access codesBothrops
moojeni, BmooMRu-I (P85314); Bothrops leucurus, Leuc-A (P84907);Bothrops asper,
BaP1 (P83512)he percentage of similarity (%) between amino aeiquence is shown in
blue. (B) Deduced cDNA sequence of nasulysin-1 based onsdigeience oBothrops
moojeni (BmooMRu-1) published byBernardes et al (2008)Amino acid residues directed

sequenced from the protein and corresponding ntidé=oare shown ired.

Figure 5. Nasulysin-1 specifically induces apoptasin leukemia cells. (A)Jurkat, K562

and human peripheral blood lymphocytes were cedigeveither left untreated or treated
with (20 pg/mL) SF IV.5 for 48 h. Nuclear morphological chasgvere evaluated using
AO/EB staining andA¥Ym was evaluated using Di@@). Circles represent total apoptosis
(early and late APO), and loss &, produced by SF IV.5B) Percentage of the nuclear
morphological changes and dissipation &m evaluated by AO/EB staining and
DiOCy(3) technique, respectively, in Jurkat, K562 andpyocytes treated with 303/mL

SF IV.5 for 48 h. Noticeably, SF IV.5 induces apgi$ in both cells lines but not in
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lymphocytes. The ANOVA revealed significant diffeces among the groupss 0.001.
Except for the lymphocytes, the Bonferroni comparitest showed significant differences
in percentage of apoptosis induction between eesditrhent vs. untreated group,p&
0.0001.

Figure 6. Nasulysin-1 induces simultaneous morphajical changes in the nucleus and
activation of the apoptosis-inducing factor (AIF) aad caspase-3 in leukemia cells.

(A)  Jurkat cells were exposed to (R6/mL) SF IV.5 for 48 h. Nuclear morphological
changes were evaluated using AO/EB staining. Figin@vs normal, condensenhget)
and fragmentedakterisk) nucleus, typical of apoptosisB) Jurkat, K562 and human
peripheral blood lymphocytes cells were either leftreated or treated with (2@/mL) SF
IV.5 for 48 h. After this time, cells were stainedth anti-caspase-3 (Cas-3) and anti-AlF
(AIF) according to the procedure describedVaterials and Methods. Notice that Cas-3
and AIF positive nuclei (dark brown color) refletteir nuclear translocation/ activation
and appear to correlate with the apoptotic nuclearphology shown in (A); )
Percentage of the nuclear morphological changekiaea by AO/EB staining in Jurkat,
K562 and lymphocyte cells treated with 2@/mL SF IV.5. The ANOVA showed
significant differences among the grougs; 0.001. Except for the lymphocytes, the
Bonferroni comparison test revealed significanfedénces in the percentage of apoptotic
cells between treatment and untreated groupgss ©.0001. Magnification A (2900x, inset

3750x); magnification B (800x).
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Purification of Nasulysin-1: a new toxin from Porthidium nasutum snake
venom that specifically induces apoptosis in leukemia cell model through
caspase-3 and apoptosis-inducing factor activation

Highlight points

* Nasulysin-1is anew snake venom metalloproteinase

* Nasulysin-1lisaSVMP with a26 kDaprotein and pl 4.1

» Nasulysin-1 specifically induces apoptosis in leukemia (Jurkat and
K562) cells

» Nasulysin-1induced apoptosisis via caspase-3- and AlF- dependent

mechanisms
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