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1 STZ NO
v- Table 1 NO level under different STZ concentrations
in the absence or presence of islets
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+ Average NO release
. 31.82 34.73 32.58
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Establishment and Application of the Model of Islet Impaired by
NO Free Radical Released from Streptozotocin

QIAN Feng-Yun OUYANG Fan FU De-Xian® REN Tian-Rui
State Laboratory of Chemical Engineering Institute of Process Engineering
Chinese Academy of Sciences  Beijing 100080  China

Abstract For diabetes mellitus little research has been done on the tissue-based or cell-based drug screening model which
has advantages over traditional animal diabetic model in high specificity high screening volume low cost and simple manipula-
tion. Considering that the maintenance of complete islet tissue structure is the prerequisite for islet cells to perform their functions
normally an in wvitro islet-based drug screening model for diabetes mellitus was established and evaluated.

Pancreatic islets were isolated from 3 weeks old mice of either sex by collagenase digestion and density gradient centrifuga-
tion as prescribed by Ramanadham S. The volume of 0.1% W/V collagenase IV 0.1% W/V Hyaluroridase and 0.1%

W/V DNase | were 4 times 2 times and 1 times that of the islets to be digested. And a 2 hours’ cold digestion at 4°C was
followed by a 10 minutes’ warm digestion at 37°C . Under the optimized digestion condition the islet recovery could be increased
by 10% . The isolated islets could survive 6 weeks in vitro and show stable insulin secretion in the first 10 days after inoculation.
The obtained islets were cultured in RPMI-1640 medium at 37°C with 5% CO, .

Then a diabetic model was established by selecting streptozotocin STZ as the evocator and nitric oxide NO as the re-
sponding index. After 1 day’ s inoculation islets culture was treated with STZ whose concentration ranged from 0 to 5.0
mmol/L.. NO was measured by a colorimetric assay at 540nm based on the Griess reaction for 10min with 0. 1mL Griess reagent
and 0. 1ml culture supernatants. Insulin secretion was assayed by RIA methods. Due to the islets-related inoculation variations
NO release and insulin content were both expressed as a percentage of the value recorded in basal experiment which was in the
only presence of Krebs culture medium. It was testified that the amount of NO released from islet itself remained steady at 30 ~
35mmol/L regardless of the changes of STZ concentration from 0 to 5.0mmol/L.. However the NO content in the supernatants of
islets culture had close relationship with STZ concentration. This indicated that in this STZ-induced islet diabetic model NO ma-
inly comes from STZ when it dissolves in water. On the other hand when STZ changed from 0 to 5.0mmol/L. the dose-depen-
dent relationship between NO content and insulin secretion showed that the increase of NO came along with the decrease of insulin
secretion which is an important symbol of islet function. As a kind of oxidative free radical NO is capable of impair islet cells.
Thus NO is a reliable responding index of the model.

The optimal STZ concentration in the model is finally determined to be 5.0mmol/L. under which condition the NO content
and insulin secretion is 10.81 times and 0.43 times that in the medium before STZ is added. So if anything is effective in lower-
ing the NO content in the culture it could protect islets cells from the oxidative attacks of NO.

Finally as an application of the model the scavenging effect of KOSCr on NO was studied. In a series of KOSCr with dif-
ferent chromium content all had shown better NO scavenging effects than KOS itself which could give us an enlightenment of
the influence of chromium ion on oligosaccharide. And 1mg/mL KOSCr with 3.519% chromium content can significantly inhibit
the NO formation. This has lain a theoretic basis for the research of KOSCr bioactivity and quality control. These results suggest-
ed that the STZ-induced diabetic islet model which is impaired by NO free radical can be used effectively fast and conveniently

when screening potential diabetes drugs.

Key words Streptozotocin  NO  free radical model

Received 12-31-2002

* Corresponding author. Tel 86-10-82627066 Fax 86-10-62561822 FE-mail fudexian @ yahoo.com
© PEMZFRHMEMARMATIKSHIES http://journals. im. ac.cn



19

2003 5

3 Vol. 19
Chinese Journal of Biotechnology

No.3

May 2003

Molecular Cloning and Sequence Analysis of Ussurin a New
Metalloproteinases/disintegrin from Gloydius ussuriensis
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YANG Tong-Shu' ~ YAN Wei-Qun'

Changchun 130021  China

U Institute of Frontier Medical Science  Jilin University

% Haematology Department  Jilin Provincial Hospital ~Changchun 130021  China

Abstract The metalloproteinases/disintegrins in the snake venom act as platelet aggregation inhibitor by an antagonism against in-
tegrin on platelet through its RGD sequence and may play other important role in cell-cell fusion cell matrix interaction and other
RNA was

tract-mRNA isolation

cellular function. Ussurin is a new metalloproteinase/disintegrin that was cloned from Gloydius ussuriensis. Poly A"
purified from the total RNA preparation from venom gland of a single G. ussuriensis using the poly A*
system. A cDNA library was constructed with the SMART PCR ¢DNA library construction kit. The ¢cDNA library was screened and
the positive clones were selected. The full-length ¢cDNA of Ussurin was obtained. The ¢cDNA encoding the Ussurin precursor has a
51bp 5'-UTR  the open reading frame of Ussurin and a 490 bp 3'-UTR  the open reading frame of Ussurin ¢cDNA nucleotide se-
quence is 1434bp and codes for 478 amino acids with a predicted molecular mass of 53.2kD and an isoelectric point of 5.37.
There is no potential N-glycosylation site in the deduced sequence region. Its deduced amino acid sequence consists of four region
a signal sequence of 18 amino acid residues a zymogen pro-peptide of 171 amino acid residues with a cysteine switch motif PK-
MCGVT in it a central metalloproteinase domain of 201 amino acid residues containing a conserved zinc-chelating sequence
HEXXHXXGXXH and a methionine-turn CIM involving zinc banding also a space sequence between metalloproteinase domain
and disintegrin domain of 15 amino acid residues with a conserved Ty, Ts; Sy which is specific residues of the P-I snake
venom metalloproteinases a disintegrin domain of 73 amino acid residues with a characteristic RGD region and six-disulfide
bonds. Ussurin belongs to P-[I class. The ¢cDNA sequence and deduced amino acid sequence of Ussurin precursor were compared
with homologous sequence in the GenBank database the result reveals high degree of homology in sequence and organization pat-
tern of domain with metalloproteinase/disintegrin gene family of other snake species. Compared with the alignment of amino acid se-
quence of metalloproteinase/disintegrin member hypervariable regions of this member were revealed besides they share higher ho-
mologous in the zymogen domain. It suggests that the hypervariable regions are the counterparts directly suitable for interacting with
different domain of receptors different receptors or substrates.
Key words cDNA

metalloproteinase/disintegrin - molecular cloning  Gloydius ussuriensis

In China

medical use. Snake venom metalloproteinases SVMPS  are synthe-

Gloydius ussuriensis is a kind of snake with great

sized in venom gland as pre-pro-metalloprotease that are rapidly pro-
cessed to the mature and functional proteinase. SVMPS belong to a
reprolysin subfamily of the M12 metalloproteinases that contain a con-
sequence ~ HEXXHXXGXXH % . The
SVMPS have been divided into four groups P- | to P-IV according

to their size and additional domains organization following the metallo-

served  Zinc-chelating

proteinase domain > . The P- | class enzyme ~containing the smallest

Received 12-30-2002

member is synthesized with only pre-pro-proteinase domain The P-
Il class of venom reprolysin contains a metalloproteinase domain a
short spacing peptide and a disintegrin domain after the carboxyl ter-
minal. The P-[ll SVMPS have a cysteine-rich domain carboxyl to the
disintegrin-like domain of P-[|. The P-IV class has all of the domains
of P-]Il class and lectin-like domain at the carboxyl terminal. The dis-
integrins are peptides derived from P-[[ SVMP disintegrin domains and
isolated from the venom of the crotalid and viperid snakes range from

49 to 83 amino acid residues. Almost all disintegrins have the cell-

The sequence data of Ussurin in this paper have been submitted to the GenBank database under the accession number AY204245.
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binding consensus RGD sequence  Arg-Gly-Asp as characteristic
structure. The RGD sequence locating in a flexible hairpin loop of 13-
amino acid residues plays a crucial role in inhibition of platelet ag-
gregation by interaction with platelet integrin o B3 *° . Sequence
analysis of both cDNA of hemorrhagins and disintegrins has shown that
they are derived from the same metalloproteinase/ disintegrin gene fam-
ily. Disintegrins are synthesized as large precursor molecules containing
the Zinc-dependent proteinase domain found in hemorrhagic toxins

which the disintegrin domain is present in large metalloproteinases 50
~70kD and it is absent in low-molecular-mass hemorrhagins 20 ~
25kD 2 %° In this report we present the ¢cDNA sequence of Ussurin

a metalloproteinases/ disintegrin from G. ussuriensis .

1 Materials and Methods

1.1 Venom gland

The venom glands for cDNA construction of a single specimen of
G . ussuriensis were obtained and immediately frozen in liquid nitro-
gen.

1.2 Poly A RNA Isolation

The glands were removed and placed into TRIzol Reagent Gib-
co and homogenized. Homogenate was laid on 5.7mol/L. cesium
chloride and centrifuged for 20h at 35 000r/min at room temperature .
The precipitate RNA was recovered and precipitated in ethanol. Poly

A*  RNA was purified from the total RNA preparation using the
poly A" tract-mRNA isolation system Promega .
1.3 cDNA library construction

DNA synthesis was accomplished using the SMART PCR ¢DNA
library construction kit Clontech . First-strand synthesis from 1.0pg
poly A* RNA was primed by SMART nucleiotide sequence TACG-
GCTGCGAGAAGACGACAGAAGGG and CDS/3" PCR primer se-
quence 5'-ACGTGCGGCCGCGGATCC dT 30 and catalyzed by su-
perscript [ . The cDNA was amplified by long distance PCR by using
primer above and advantage KlenTage Polymerase mix. The c¢DNA
was digested with Sfi I to produce the sticky end containing the Sfi
I linker/primer. The resultant cDNA had the sfi I site at the both
end.

After size-selection to expulse the large and the small segment
¢DNA was then ligated into PDBS a derivative vector of Strategene’s
pBluescript-sk which was made a Sfi | site in multicloning site. The
recombinant DNA was transformed into E. coli DH5a. The titer was
found to be 2.5 x 107 recombinants.

1.4 Probe design

According to the high conservation of the predomain at the N-
terminal a 22 meric oligonucleotide probe was synthesized. Another
adjustment probe of 20 mer was synthesized according to the conserva-
tive sequence of disintegrin at the 3'-terminal .

1.5 c¢DNA isolation
Clones of Ussurin E. coli DH5a containing recombinant ¢cDNA

were plated onto luris broth/ampicillin plates. Colonies resistant to

ampicillin were transfered on to two sets of membrane copies and kept
for colony hybridization with ** P-end-labeled primers. Pre-hybridiza-
tion was accomplished at 65°C 4h in hybridization buffer. Each set of
membranes was hybridized at 46°C for 10h in 40mL of hybridization
buffer containing Spmol/L of one of two labeled oligonucleotide
probes. Hybridized membranes were washed with 6 x SSC and 0.1%
W/V  SDS in turns of two times at 4°C for 6 min one time at room
temperature for 6 min and once at 50°C for 3 min. Clones pretended
positive results in both set of membranes were further purified into sin-
gle cell clone by comparing two sets of primers autoradiography .
1.6 DNA sequencing
DNA sequencing was performed on a model 3700 automated
DNA sequencer and the Taq Dye Deoxy terminator cycle sequencing
kit was used. Sequence overlaps were obtained by using oligonucleo-
tide primers to the internal sequence. Both strands were sequenced
entirely. The ¢cDNA sequence and deduced amino acid sequence were

compared to sequences in the GenBank.

2  Result

The ¢DNA library made from the mRNA of G. ussuriensis
venom gland was screened because the metalloproteinases/disintegrin
Ussurin is a highly expressed enzyme in the venom gland the average
number of clones that tested positive to both probe from the screening
of five plates reached to 1.2% . Twenty clones were chosen from the
positive for further work and five colonies were sequenced. Figure 1
shows Ussusin gene and its deduced amino acid sequence of the open
reading frame. The open reading frame of Ussurin ¢cDNA nucleotide
sequence is 1434bp and codes for 478 amino acids with a predicted
molecular mass of 53.2kD and an isoelectric point of 5.37. There is
no potential N-glycosylation site in the deduced sequence region. lts
deduced amino acid sequence consists of four regions a signal se-
quence a central metalloproteinase domain a space sequence be-
tween metalloproteinase domain and disintegrin domain a disintegrin
domain. At the N-terminal there was a typical signal 18-peptide with
Gly'®-Ser' motif that can be cut by a single peptidase.

There was a zymogen domain that was composed of 19-189 amino
acids residues after signal peptide. A sequence of P!®*-K!65_M'66.
Cl7_G'®_V'® yas stringently conserved among snake venom protein-
ase and was cysteine switch motif that involved in the activation of
metalloproteinase activation. The sequence of 190-390 amino acid
residues was the metalloproteinase domain which was followed by a
spacer sequence of 391-405 amino acid residues and a disintegrin-
like domain of 406-478 amino acid residues. Six of seven cysteins in-
volve the formation of 3 disulfide bonds of Cys®™-Cys®™  Cys**-
Cys™! and Cys**-Cys*®  which seldom present in SVMPS. The un-
bounded cystein 373 is important to the proteinase catalysis activity.

In metalloproteinase domain a significant amino acid sequence
was H-E-X-X-H-X-X-G-X-X-G which was the zinc binding sequence

omevionsly: deseribie by GamisRath 85850 heto:// journals. im ac. en
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Fig.1
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¢DNA and deduced amino acid sequence of pro-Ussurin that is the precursor of Metalloproteinases/disintegrin from Gloydius ussuriensis venom

From the initial coden the putative signal peptide is indicated by a waved underline the zymogen propeptide is indicated by a single underline the metallo-

proteinase domain is indicated by a dash line the space region is indicated by a dotted line the disintegrin domain is indicated by a thick underline the con-

served switch structure zinc binding and catalytic motif met-turn and RGD motif are indicated by a gray color

Figure 2 shows the predicted amino acid sequence of Ussurin was
analyzed for similarities to other SVMPS sequence in GenBank. It was
76% homologous to bothrostatin precursor of Bothrops jararaca 76%
homologous to metalloprotease of Gloydius halys 75% homologous to
hemorrhagic metalloproteinase HT-E of crotalus atrox 72% homolo-

gous to aculysin-2 of Deinagkistrodon acutus.
3 Discussion

SVMPS have presented strong influence on hemorrhage platelet
ECMS . According the mole-
cular mass the SVMPS can be divided into P- | P-1I P-ll and P-

IV . The marked structure to differ from one another is the following

aggregation and extracellular matrices

domain on the carboxyl side of the metalloproteinase domain. Basing
on the ¢cDNA size and deduced molecular mass Ussurin contains both
a proteinase domain and disintegrin-like domain which belongs to P-
I class.

Mechanisms whether P-1I precursor generate a P-1 or P-II
proteinase after post-translation processing are still not clear.

However reports show that the disintegrin domain releases from pre-

cursor autoproteolyticall in vivo and suggest that P- | class to be the

product of processed P- [I precursor.5’¢cDNA sequence for the Ussurin
and other SVMPs is highly conserved and code for 18 amino acids do-
main of signal peptide. It is hypothesized that processing occurs be-
tween Gly® and Ser' to release the signal sequence of 18-residue
stretch of amino acids.

The zymogen domain presented high conservative the homolo-
gous of this domain is as high as 96% when blasting with GenBank.
The identical structure means the single function in the P- Il precur-
sor. The cysteine residue ahead starting amino acid sequence of matal-
loproteinase combines with amino acids before and behind cysteine and
conserves amino acid PKMCGVT motif. It is hypothesized that the
region may be function as cysteine switch. SVMPS belongs to reproly-

All of them have a long
conservation HEXXHXXGXXH of zinc binding region and comprise

sin subfamily of the metzincin superfamily.

the catalytic center. Another significantly homologous sequence is CI-
MXP in matalloproteinase named met-turn and might be a switch
structure in activation procession of metalloproteinase by comparing
with matrix metalloproteinase and is presumed to involved in zinc bind-
ing activity. Disintegrins contain a highly conserved RGD sequence
ondh fangtion: gh-antngonist ofTRGP- depelant: inlegring adhesion. ac. cn
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KKASQSNLT----PEHQRYIELFLVVDHGMFMKYNGNSDKIRRRIHOMVNIMKEAYRYLYIDIA
-~KASQLVVTAEQORFPQRY IELVVVADHGMFTKYDSNLDT ITTWVHELVNNINEFYRSLNVRVS
KKASQLIVST----EQQRYMEIVIVVDHSMVKKYNGDSDKIKAWVYEMINTITESYRYLYIDII
KKASQLNLTPEQQRFPQRYIELVVVADHRMFTKYNGNLNT IRIWVHELVNTMNVEYRPLNIRVS

239
239
244
239
245

P U QW

240
240
245
240
246

LVGLEIWSNGDKIIVQSSADVTLDLFGTWGEIDLLKRKSHDNAQLLTPTDFDGPTIGLAY
LTGVEIWSNKDMINVQPAAPQTLDSFGEWRKTDLLNRKSHDNAQLLTSTDFKDQTIGLAY
LTELEIWSNQDLINVQOSAAADTLEAFGDWRETDLLNRISHDNAQLLTTIDLDGNTIGLAR
LSGLEIWSEKDLINVETSAENTLKSFGEWRAKDLIHRISHDNAQLLTATDLDGPTIGLAY
LTDLEVWSDQDLINVQPAAADTLEAFGDWRETVLLNRISHDNAQLLTAIELDGETIGLAN

299
299
304
299
305

P OoOQWe

300
300
305
300
306

VGTMCDPKRSTGVVQDHSPINLLVAVTMAHE IGHNLGMEHDTSYCSCGGTACIMSPVISH
WGSMCDPKRSTAVIEDHSETDLLVAVTMAHELGHNLGIRHDTGSCSCGGYSCIMAPVISH
VGTMCDPKYSVGIVQDHSAINLLVAVTMAHELGHNLGMDHDGNQCHCGANS SVMGDVLRV
VASMCDPKRSVGIVQDHSSVNRLVAITLAHEMAHNLGVRHDEGSCSCGSGYCIMSPVINP
RGTMCDPKLSTGIVQDHSATNLWVAVTMAHEMGHNLGI SHDGNQCHCDANSCIMSEELRE

359
359
363
359
365

PO awe

360
360
364
360
366

EPSKKNSYCSYIQCWDYINYRNPQCILNKPLRTDTVSTPVSGNELLEAGEECDCDSPGNP
DIAKYFSDCSYIQCWDFIMKDNPQCILNKQLRTDTVSTPVSGKN-FGAGEECDCGTPGNP
GVSYEFSDCNENEYQTYVTDHNPQCILNEPLRTDTVSTPVSGNELLEAGVECDCGAPANP
DAMKYFSDCSYIQCWDYIMKENPPCILNKPLRTDTVSTPVSGNELLEAGKDYDRDSSANP
QLSFEFSDCSQNQYQTYLTDHNPQCMLNEPLRTDIVSTPVSGNELLETGEESDFDAPANP

419
418
423
419
425

PO OWo

420
419
425
420
426

CCDAATCKLRPGAQCAEGLCCEQCRFMKEGTVCRIARGDDMDDYCNGISAGCPRNPFHA
CCDAVTCKLRPGAQCAEGLCCDQCRFMKEGTVCRRARGDDMDDYCNGISAGCPRNPFHA
CCDAATCKLRPGAQCAEGLCCDQCRFMKEGTICRMARGDDMDDYCNGI SAGCPRNPFHA
CCDAATCKLNQGAQCTAGPCCDQCRFKEEGTICRRARGDDLDDYCNGISADCPRNPYHA
CCDAATCKLTTGSQCADGLCCDQCKFMKEGTVCRRARGDDLDDYCNGI SAGCPRNPFHA

U= Ussurin

478
4717
483
479
485

PO OWe

B

(Bothrops jararaca ) Identities 375/479 (78%)

G

Identities 385/505

(Gloydius halys) = (76%),

(Deinagkistrodon acutus)

Identities 347/480 (72%)

(Agkistrodon contortrix contortrix) Identities 363/483 (75%),

Fig.2  Comparison of the amino acid sequence deduced from pro-Ussurin ¢cDNA with genes for metalloproteinase of other species

The conserved cysteines are in gray color
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