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Abstract

A new fudon expresson vector , pED- P8 Hi-lys was desgned and congructed. It includes four

parts, a 20 peptide sequence of hirudin that can maintain anticoagulant activity , the Cterminus of
aaragnae as a fudon partner , badc octopeptide ( KRKRKKSR) that makes the fudon partner easy to
remmove , and the unique acidlabile agpartyl-prolyl bond. It was trandormed into E. cali BL-21 and the fuson
protein (AnsB-C P8-Hi-lys) was expreseed dfectively as incluson bodies dter inducing by lactose. The
objective peptide Hi-lys was purified by means of cdl diguption, washing, etharol precipitation, acid
hydrolyss, and DEAE cdlulose 52 oolumn chromatography. The antithrombin activity of the purified Hi-lys
peptide was albout 50 ATU/mg by thrombin activity assays.
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Thromboembolic diseases are one of mgjor causes of
norbidity and rortdity in world, which has gimulated
erornous researchers in pharmaceutica indugry area to
introduce new antithrombotic thergpies. Hirudin, from
bloodsucking leeches ( Hirudo medicindis) , is a
naturdly direct thrombin inhibitor'™ . It can inhibit
dfectively the formetionsof thrombusin artery or vein and
disseminated intravascular coagulation (DIC) . Researches
have proved that its anticoagulant activity is better than
heparin and it has a highly application vd ue to prevention
and therapy of thrombus embolism dissasd® . As the
limited reources of natura hirudin, researchers have
gudied to produce recombinant hirudins (r-hirudins)
through gene techrology and succeeded in expresson
usng E. cdi or yeat”™. Recombinant hirudins, such

as dedrudin (CGba Novartis) , have been gown to be
dfective in treatment of heparin-induced thrombocytopenia
(HIT) and in the prevention of thrombotic conplications
dter hip or knee surgery'™ .

When adminigtered to human intraveroudy , haf-life
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o hirudinis very sort, 1—2 hours. It can be nodified
with bio-macronolecule to prolong its half-life'™ . PEG
Hirudin, a chemicaly dedined conjugate of recombinant
hirudin, is a highly sdective direct thrombin inhibitor
with a dgnificantly longer duration of action permitting
once daly subcutaneous adminigtration*”. SQudies
suggeded that only a 20-amino acid peptide (hirulog,
bivalirudin) that combined a fragment of the Gterminus
with N-terminus fragment of hirudin had a high
anticoagulant activity'® . It has a vaiety of potential
goplication as an dternative to heparin in the management
o cardiovascular disease and related medica procedures,
such as ungable angna (UA) , myocardia irfarction
(M1) , percutaneous trandumind coronary angioplagy
(PTCA) , and ischeric heart disease (IHD)*™.

Here, we describe a recombinant fuson protein
gpproach for the production of a new antithrombus peptide
relevant to hirudin, that was Pro-LysMet- (Qy)s-Phe
Po-Arg-Po- ( Qy ) ,~Ag- Qy-Ag-Phe Qu-Qu-lle Po
AQuQduTyr-Leu, named Hi-lys. It included the 20
peptide sequence of hirudin and a short sequence to
oombine ectivatled PEG. An agaragnae Ctermind
fragment from E. coi was tailored to serve as a carrier
noiety for Hi-lys peptide. The truncated agparagnase
fragment in which unique acid-labile agartyl-prolyl (Agp-
Pro) bond was mutated into Ag-Ala’ , termed AnsB-C
(unpublished) , is eadly expressed to high levls in E.
coi and accumulates in incdluson bodies™ . A linker
containing basic octopeptide (KRKRKKSR) and an extra
Ag-Po bond was inserted between the AnB-C noiety
and Hi-lys peptide.

1 Materialsand Methods

1.1 Materials

Heat dable Fu DNA polymerase was purchased
from Promega. Redriction endonucleases were from
Takara G. DE52 was from Waerman (USA).
Acrylamide and Bis acrylamide were from Bio Basc Inc.
(Canada) . Sdium dodecyl sulfate (DS) and urea was
purchased from AMRESCO. Goomasse blue G250 was
from 9gma. The recombination hirudin 65 peptides was
expresed and purified in our previous sudy™ . Most
other chemicds, unless ecified, were obtained from
Sangon @. (Shanghai , China). All the chemica
resgents used in the experiment were analytical grade.
1.2 General operations o gene clone

Generd operations such as extraction of plasmid,
cutting with redriction enzymes, ligation , converdon and
other gandard DNA method were performed acoording to
Sambrook et d'™ .
1.3 Condruction o the AnsB C P38 Hi-lys fusion
protein

A DNA fragment coding AnsB-C and Ag-Pro linker
was obtained by PCR anplification with 5 primer (5-
CCC CAT GAA TAC QCC ATT CGA TGT CTA-3)

located a 663 to 683 of agparagnase, and 3 primer
downgtream of the termination sgna (5-QCC AAT CGG
ATC CGC GIA CTG GIT GAA GAT CTT GG3) from
chronroome DNA tenplate of E. cdi. This and al
subsequent PCR reactions were carried out in 100 M |
volumes usng 100 ng of DNA tenplate, primers a a
ooncentration of 1M nol/L in the gandard reaction bufer
(NTP s 0.2 mmol /L ; 50 mnol /L KA ; 10 mnol /L Tris
HA, pH 9.0; 0.1% Triton X-100). Typicdly, the
reaction was taken through 30 cycleswith30 sat 94 |, 2
mna 55 and 2 mn a 72 . The resulting DNA
fragment was digested with redriction endonucleases Nco
and Hind , and subsequently inserted downstream of
the TAP10 pronotor of the expresson vector pET28a
(Novagen , Germany) . The resulting plasmid was termed
pED. Next, the recombinant plasmid pED-P8 was
oondructed by extending the Ctermind part of AnsB-C
with a linker sequence oontaining the octopeptide in
series, which was carried out by addPCR. Bridly, a
DNA fragment coding AnsB-C and the linker sequence
was generated by add- PCR anplification with 5 primer
(5-TAA TAC GAC TCA CTA TAG G3) locaed at 663
to 683 of agaragnase, and 3 adding primer (5-CC
AAC AGA TCT TCA ACC AGT ACG AAA CGT AAA
CGT AAA AAA TCT CGT GCG GAT CCG3) from the
plasmid DNA tenplae o pHED. The realting PCR
fragment with Nco  ste located at the 5 end to the
squence coding AndB-C and BamH  dte located jus
on an extra Ag-Po bond sequence, was digeged with
Nco and BamH , and inserted into the expresson
vector pED linearized with Nco  and BamH . The
resulting expresson vector was termed as pED- P8.

Hi-lys peptide gene was generated by PCR
anplification uing 5 primer (5-TAAAATG GAT CCG
AAA ATG GGT GGTI GGTI TIT CCG CQC CCA GGT
GGI-3) , 3 primer (5-CCCA AGC TTA CAG GTA TTC
TTC CGG GAT TTC TTC GAA GIC ACC GIG3) and
tenplate oligonudeotide (5-GI' TTT CCG CQC CCA
GGT GGT GGTI GGT GAC GGT GAC TTC GAA RA
AT-3). The resulting PCR fragment with BamH  dte
located at the 5 end penultimate to the coding sequence
o Hi-lysand Hind dte located jug dter the 3 end to
the termination codon TAA , was digesed with BamH
and Hind , and inserted into pED-P8 linearized with
BamH and Hind . The resulting expresson vector
pED- P8 Hi-lys was used to tranform E. cdli BL21.
1.4 Expression and purification of AnsB C- P8 Hi-
lysfusion protein

Frdly , a Snge recombinant colony of E. coli BL21
containing pED- P8 Hi-lys was inoculated into selective
LB liquid medium (504 g/ml kanamycin) a 37 for 10
hours. Then this culture (as a seed culture) was
tranderred into corn liquid medium (inoculated 2 % V/
V). The bacteria were grown a 37 and the expresson
o thefuson protein AndB-C P8- Hi-lys was induced &t an
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Asonm Of 1.5 10 1. 8 (for about four hours) by addition of
lactose to a final oconcentration of 5 mnol/L. Continue
culturing at 37  with shaking at 270 r/min for 8 hours ,
reached a find Agom of 2.6 to 3.2, and sarrpling for
polyacrylamide ga eectrophoreds in the presence of DS
(DS PAGE) to determine the expresson levd of the
recombinant proteins.

The following geps were carried out & 4  unless
otherwise ecified. Cultures were centrifuged at 5 000
r/mn for 15 min in a Bechman centrifuge and the
sypernatant discarded. The cell pellet was washed with
Tris HA bufer containing 50 mnol /L TrisHA , pH 8.0,
2 mmol/L BDTA, lysed in bufer A (0.2 %dyszyme,
0.5 %Triton X-100, 50 mnol L TrisHA , pH 8.0, and 2
mnol /L BEDTA) and girred a 37  for 4 hours. Then,
the incubation mixtures were centrifuged a 8 000 r/min
for 20 min and the pelet washed with buffer B (0.2 %
Tritorr100, 50 mmol/L TrisHA , pH 8.0) and 2.0
nmol/L urea regectivdy. The includon hbodies were
oollected in the pelet by centrifugetion as above and
suspended in bufer C (4 nol/L urea, 100 mnol/L Tris
Hd, pH 80) overnight, centrifuged as aove. The
apernaant was added with equd wlume o anhydous
eharol , incubated a& - 20 for one hour and then
centrifuged a 8 000 r/min for 20 min. The sypernatant was
added oontinuoudy with three times vol ume etharol and kept
a - 20 ovengt. The fudon protein was oollected by
centrif ugetion and taken for DS PACGE ardyss.

1.5 Purification of objective peptide Hirlys

In order to cleave the unique acid-labile agp-pro
bond in the fuson protein , the purified AnsB-C- P8-Hi-lys
was dislved in 60 mnol /L hydrochloric acid to 6 % (W/
V) , and the olution was incubated a 50 for 60 hours.
The cleavage reaction was terminated by the addition of 60
mnol /L sodium acetate , the lution pH was adjugted to
9.0 9.3 with 2nol/L sdium hydroxid, and then
centrifuged at 12 000 r/min for 10 min. The supernatant
was oollected and gpplied to DE52 column (26 mm x 300
mm) that was pre-equilibrated with 20 mmol /L phosphate
buffer (equilibration bufer) , pH 6.8, a a flow rate of
1.5 m/min. The ocolumn was washed with 5 column
wvolumes of the equilibration buffer and then e uted with a
linear gradient bufer between 20 mnol /L and 500 mnol /L
odium chloride in equilibration bufer (240 m x 240
m) . The dfluent was nonitored continuoudy at 280 nm
and the peak fractions were taken for DS PAGE and
antithrombin activity andyss. The sanple containing Hi-
lys was pooled and lyophilized.

1.6 DSPAGE analysis o the fusion protein and
peptide

40U | each fraction were added in 10M| 5 x DS
loading buffer containing 250 mmol/L TrisHA , pH 6.8,
500 mnol/L DTT, 10 % DS, 0.5 % bronopherol blue,
and 50% dycerol , and hested a& 100 for 5 min.
Proteins were separated by 15 % polyacrylamide ge and

detected by gainingwith Goomasse blue G250. Peptides
were sparated by 20 % polyacrylamide gd according to
the method of Laemmiit™ .
1.7 Antithrombin activity assays of Hrlys

Thrombin assays described by Markwardt'™ was
ued for determining the antithombin activity. Snce
thrombin activity is dandardized in Nationd Inditute of
Hedlth units, the antithrombin activity of Hi-lys can be
expresed in antithrombin units (ATU). Aliguts of
0.005—0.01 m o Hi-lys (50 mg/ml in 0.05 nol/L
TrisHA , pH 7.4) were added to 0.2 ml of a 0.5%
fibrinogen slution in TrisHA bufer. After mixing, a
gandardized thrombin lution (100 NIH units/ml) was
gradually added in 0.005-m aliquots (corregponding to
0.5 NIH units) in minute intervals a room tenperature.
The titration end point was reached when the fibrinogen
coagulated within one minute.

2 Results

2.1 Condruction and expression o the AnsB C- P&
Hi-lys fusion protein

Using primers desgned up- and down- gream of the
ansB gene' s Gtermind sequence (anB-C) reported , the
putative andB-C gene with Ag-Po sequence was
amplified by PCR from islated DNA of E. coi HB101.
The expresson vector was congructed by cloning the PCR
fragrent into the TAP10 pronote-based pET28a
expresson vector and desgnated pED. The ansB-C with
an extra Ctermind KRKRKKSR and A Po sequence
was anplified by adding PCR from ilated pED plasmid
DNA. The expresson vector pED- P8 was condructed by
cloning the PCR fragment into Nco and BamH  dtes
o pED. The find eqresson vector was congructed by
cloning a 98 bp PCR fragment carrying the Hi-lys gene
into pED-P8 and desgnated pED-P8 Hi-lys (Fg. 1).
Ioelectric point (pl) and nolecular weight (M,) of the
AnsB-C P8 Hi-lys fudon protein, the AnsB-C P8 fudon
partner and Hi-lys were predicted through ProtParam
ftware in www. expasy. com. Their pl were 5.48, 9.3
and 3. 77 regpectively; and M, were 17.7 kD, 15.1 kD
and 2. 61 kD regpectively. The anount of the AnB-C P&
Hi-lys fudon protein in engineering grains carrying pED-
P8- Hi-lys increased throughout the entire growth phase of
10 hours even with lactose induction , whereas the highest
level of thefugon protein was arrived 8 hoursfermentation
as judged by DS PAGE (Fg.2) .
2.2 Preparation and purification of the AnsB-C -
P8- Hi-lysfusion protein

As the resut dowed in Hg. 2, when the
recombinant plasmid p ED- P8-Hi-lyswas used to trandorm
E. cdi BL21, highrlevel eqresson o fuson protein,
which was 40% 60% in totd proteins of bacteria
(andyzed by Labworks 4 siftware) , oould be obtained
dter induction by lactose , asincluson bodies. Thefuson
protein seemed easy to partidly purify by cel disuption,
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(B) pED-P8

T7 promotor

KRKRKKSRDP

(C) pED-P8-Hi-lys Acid labile site

T7 promotor
PKMGGGFPRPGGGGDGDFEEIPEEYL

Fig.1 Diagramsd the expresson vectors pED for AnB-C, pED- P8 for
AnsB-C with an extra Ctermind KRKRKKSR seguence and acid lahile
Agr-Po squence, and pED-P8 Hi-lys for AnB-C P8-Hi-lys fuson
protein

T7 pronoter was represented in hatched boxes, and recombinant ansB-C
gene were represented by open boxes, the KRKRKKSR sequence and
Ag- Pro sequence was drawn as black and amino acids are represented by
one-letter code

116.0
66.2

45.0
35.0

25.0

18.4 <Fusion protein
14.4

Fig.2 DSPACE andyssd the expresson productsin E. cdi
1:Sandard nolecuar weight merker ;

2 —6:Totd proteinsfrom E. cdi with pED-P8-Hi-lysin 2 ,4,6 ,8 and 10
hours regectively dter lactose induction

washing and etharol precipitation. The fuson protein with

ingertion of the KRKRKKSR sequence has a rdatively

high dendty and dability. Here the incluson body

meterials can be washed with washing media containing

0.2 %Triton X-100 and 2.0 nol/L urea. The includon

body was purified to near hormogeneity only by washing
kD 1 2 3

116.0 —
66.2 —

45.0 —

350 —

250 —

184 — <— Fusion protein

144 —

Fig.3 SDSPACE andyssd purified AnsB-C P& Hi-lys

1:Sandard nolecuar weight marker ;

2:Totd proteinsfrom E. cdi BL21 with pED- P8 Hi-ly dter induction;
3:Purified AnB-C P8-Hi-lysfudon protein

pelets ater disrupting bacteria, and aoohol precipitation
(Fig.3, lane 3) , with the yiddd 26 % 3.4% of the
total proteins of bacteria (wet weight) .
2.3 Preparation and purification of Hrlys

As the result showed in Hg. 4, the fuson partner
and Hi-lys were produced increasngy as hydrolyss time
elongated. The hydrolyss was conpleted at about 72
hours. As the non- gecific hydrolyss exiged, the fuson
protein could be cleaved into other parts. But digesed a
A9-Pro bond was dominant. When the solution pH ater
hydrolys swas adjused to 9.0 9.3, the lution began
turbid and the precipitation was removed by centrifug ng.
The supernatant was sSparated by means of DES2
chromatography  (the results mot be showed) and the
objective peptide Hi-lys was purified (Fg. 5, lane 4)
withtheyidd 1. 7% 2.0 %af the total protein weight of
the incluson body.

1 2 3 4 5
26600 —

—Fusion protein
17000 —

—Fusion partner
14200 —

6500 —

— Hi-lys
3496 —
1060 —

Fig.4 DSPACE andydsd hydrolydsdf AnB-C P3-Hi-lys
1:Low nolecular weight marker ;2:AnsB-C P8 Hi-lys fuson protein;
3:Fugon protein hydrolyzed by hydrochioric acid for 23 huwors;
4:Fudon protein hydrolyzed by hydrochioric acid for 56 hours;
5:Fuson protein hydrolyzed by hydrochloric acid for 72. 5 hours

26600 —

17000 —
14200 —

6500 —

<— Hi-lys
3496 —
1060 —

Fig.5 DSPACE andydsd purified Hi-lys peptide

1:Low nolecuar weight merker ;2 :An$B-C P8-Hi-lysfndon protein;
3:fuson protein hydroloyzed by hoydrochloric acid for 23hours;
4:Purified Hi-lys peptide

2.4 Antithrombin activity assays of Hrlys

The result of thrombin assays showed that the
purified Hi-lys peptide has antithrombin activity , about
200 300 ATU/ml (50 ATU/mg) , while the 65 peptides
hirudin as a control has the antithrombin activity of 7 500
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ATU/mg.
3 Discussion

E. cdi was an inportant hog organiam and widdy
used in indudria production because of easy cultivation ,
low cogt , and high production potential. In our previous
gdudy, the recombination hirudin 65 peptides was
dficiently eqpressed in E. cdi udng the L-agaragnase

dgnal sequence and the product was secreted into the
culture medium# .

Qongdering of the dort haf-life of hirudin, we
desgned a rovel polypeptide that retained the potent
antithrombin activity of hirudin and could be nodified
with actived PEG. Bxpresson of sral polypeptide has
often been unsuccesful because of their sengtivity to
endogerpus proteases in the engineered drain. Inorder to
improve the expresson rate we congructed a high fective
expresson vector pED to express the polypeptide , such as
ducagon and gucagn like peptide-2 , in form of fuson
protein by usng an agparagnas: C-termina fragments
from E. cdi as a carrier noiety , developed the method
and technique to renpve fusion partner'” and sudied the
dfect of culture oconditions on plasmid dability o
epresson vector pED and andysed possble
mechanisms ™ . As the result showed in Fig 2 , when the
recombinant plasmid p ED- P8- Hi-lyswas used to trandorm
E. cdi BL21, highlevd eqresson o fuson protein
oould be obtained as incluson bodies, 40 %—60 % in
total proteins of bacteria

Several lice variantsof VEGF(Vascular endothelial
gowth factor) contain basc octopeptide ( KRKRKKSR)
idertified as a cell surface retention sequence and can be
purified hapari - Sppharose oolumn
chromatography S we supposed that the grongy
bad ¢ octopeptide could be used as a purification tag for
preparation of recombinant peptides. We added the badc
octopeptide into the fudgon partner, that make the
isdectric point of fudon partner (AnsB-CG-P8) and Hi-
lys be different dgnificantly (9.3 and 3. 77 regectively)
while they were gpproach initidly without the
octopeptide , and then the purification processof Hi-lys be
gnplified. Furthernore the unique acid-labile Ag-Pro
bond was added in the fudon protein that could be
cleaved by acid to make Hi-lys release. Resultstesed our
dedgn: dter cleavage with hydrochloric acid, Hi-lys
peptide was released from the fuson protein, and the
AngB-C fugon partner with the octopeptide extenson was
subsequently removed by iodectric point precipitation
and DE52 oolumn chrometography .

The yidd of Hi-lyswas 1.7 2.0% of the totd
protein weight of the incluson body, showing that the
purification procedure be succesful. This suggeds that
this expresson sygem might be usful for preparation of
other biologcadly active peptides. Al , the result of

[1819]

thrombin assays supported that the purified Hi-1ys peptide
has antithrombin activity. It will alow usto determine the
dfectiveness of Hi-lys as a new antithrombotic agent in
future experiments.
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