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Efficient increase of the novel recombinant human plasminogen
activator expression level and stability through
the use of homozygote transgenic rabbits
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Abstract. Expression efficacy of recombinant protein in
current expression systems is generally low. Therefore, the
expression levels of recombinant proteins in the breast milk
of transgenic animals are typically low. In view of this, the
present study aimed to construct homozygous transgenic
rabbits with a high expression level of recombinant human
plasminogen activator (rthPA) during the entire lactation
period. Homozygous transgenic rabbits were obtained using
an effective rhPA mammary-specific expression vector
PCL25/rhPA. The expression level and thrombolytic ability
of rhPA in the milk of both homozygous and hemizygous
rabbits were detected by enzyme-linked immunosorbent and
fibrin agarose plate assays. It was observed that the expres-
sion of thPA was constant during the entire lactation period
in homozygous rabbits, while the expression of rhPA declined
slowly in hemizygote rhPA transgenic rabbits during the lacta-
tion period. In addition, the expression of rhPA in homozygous
transgenic rabbit was ~950 pg/ml, which was markedly higher
in comparison with that in hemizygote rabbits. Furthermore,
increased gene copy number was observed to increase the
expression level of rhPA at the same integration vector.

Introduction
Recombinant proteins are the main biopharmaceutical

agents (1-4), and the reduction of primary cost of recombinant
proteins and improvement of their quality by selecting novel
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efficient expression systems has received increasing atten-
tion (1-4). The production of recombinant proteins through
the use of bacterial hosts, mammalian cells, yeast, viruses,
transgenic plants or other expression systems has numerous
disadvantages, including poor biological activity, high cost and
poor protein post-translation modification among other (1-4).
Recombinant proteins expressed in the mammary gland of
transgenic animals have become a research focus as bioreac-
tors due to their high expression, low cost, easy purification
process and similar protein modification to that in the human
body (4-11). Therefore, the animal mammary gland is
currently the most ideal expression system for the production
of recombinant proteins. Various recombinant proteins, such
as ATryn, hAAT, recombinant human protein C, superoxide
dismutase (SOD) and hormones, have been generated in the
milk of transgenic animals (8-12). However, although the
first production of recombinant proteins through the milk of
transgenic animal for therapeutic use was reported 30 years
ago, the recombinant proteins expression regulatory mecha-
nism in the milk of these animals remains unclear and only
a few recombinant proteins have been successfully produced
through the transgenic animal mammary gland (4,13).

The expression of recombinant proteins in the mammary
gland of transgenic animals is a complex process affected
by various factors, including the genetic structure, gene copy
number and their regulatory elements, gene integration site,
promoter and methylation (3,4). At present, the expression
level and stability of recombinant proteins in transgenic
animals are not sufficient to allow for larger-scale production
of the desired proteins (3,4).

Thrombotic diseases are serious threat to human health,
and thrombolytic agents are the main drugs used in the
treatment of these diseases (14-19). The human tissue-type
plasminogen activator (tPA) is a key kinase of fibrinolysis that
serves an important role in dissolving fibrin clots to promote
thrombolysis (16,17). To increase the half-life and thrombolytic
activity of tPA, a mutant of tPA containing only the essential
K2 fibrin-binding and P activating plasminogen domains of
the wild-type tPA transgenic rabbit has been generated (19).
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Recombinant human plasminogen activator (thPA) is a novel
drug for the treatment of thrombolytic disease (19). Compared
with the natural human tPA, rhPA has higher thrombolytic
activity and some other advantages, such as a high affinity to
fibrin, low incidence of side effects of systemic bleeding, long
half-life in the blood and low total dose (18-23). Therefore, as
a representative of the third-generation thrombolytic agents,
rhPA has been increasingly accepted by the majorities of
patients (23).

Currently, there are no studies reporting the difference in
rhPA expression in the milk of homozygous and hemizygous
rhPA transgenic rabbits. Compared with other animals, homozy-
gous transgenic rabbits present numerous advantages, including
genetic stability, no need for PCR integrate testing on offspring
and reduced detection cost. In addition, all animals can have the
same genotype and an excellent reproductive rate (24-27).

The objective of the present study was to improve the
expression and stability of mammary gland-specific rhPA in
homozygote transgenic rabbits. Enzyme-linked immunosor-
bent assay (ELISA) and fibrin agarose plate assay (FAPA)
were used to analyze the rhPA expression level and stability in
the milk of the homozygous transgenic rabbits, as previously
described (28-31). The results indicated that thPA expression
in homozygous transgenic rabbit was markedly higher in
comparison with that in hemizygous transgenic rabbits. Thus,
transgenic rabbits with high rhPA expression and stability
were obtained. A new strain (K29) of rhPA transgenic rabbits
was established in the current study, and two homozygous
transgenic rabbits (K29 F2-05 and K29 F2-09) were obtained.
With those efforts, the current study aimed to increase the
novel rhPA expression level and stability.

Materials and methods

Animals and reagents. The present study was approved by the
Institutional Animal Care and Use Committee of Yangzhou
University (Yangzhou, China) and was performed according
to the Guide for the Care and Use of Laboratory Animals (32).
A total of 30 female New Zealand rabbits (2.5-3.0 kg, 210 days
old, Better Biotechnology Co., Ltd., Nanjing, China) used in
the current study were raised at room temperature (25+2°C)
under specific-pathogen-free conditions, and allowed free
access to food and water. All chemicals were purchased from
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany) unless
otherwise specified. The rhPA transgenic rabbits were gener-
ated in our lab, as previously described (5,6).

Construction of mammary gland-specific rhPA gene expres-
sion vector. The thPA mammary gland-specific expression
vector in rabbits was constructed in our lab. It included the
effective mammary-specific expression vector PCL25/rhPA
(F.E.,K1 domains deletion mutant of tPA) and goat [3-casein
gene as regulatory elements. Subsequently, rhPA transgenic
rabbits were generated through microinjection into rabbit's
fertilized eggs with vector concentration at 5 ng/ul (5).

Generation of homozygote transgenic rabbits. Male thPA
transgenic rabbits K29 were selected as the FO rabbits, and
they were mated with normal nontransgenic rabbits in order
to obtain the F1 transgenic rabbits, and F1 male and female
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rabbits were then mated to obtain the F2 transgenic rabbits.
Next, the F2 transgenic rabbits were mated with normal
nontransgenic rabbits to obtain F3 rabbits as a test cross.
Homozygous transgenic rabbits were then screened out from
the F2 generation through F2 rabbit test cross and polymerase
chain reaction (PCR) according to the methods described in a
previous study (5). All the rhPA-positive rabbits were identi-
fied through the PCR method. After the F2 generation rabbit
mating with normal nontransgenic rabbits, F2 rabbits were
consider as homozygous (>99.9%) if their descendants were
>5 and if all rabbits were positive for rhPA (24,25).

PCR test. Genomic DNA was extracted from rabbits with the
phenol-chloroform method. Transgenic rabbits were identified
with PCR analysis using the extracted genomic DNA. The
upstream primer was located on the promoter region, while the
downstream primer was located on the rhPA coding region.
The amplification production size was 566 bp at the CMV and
rhPA joint area. Primers were designed with the Primer Premier
software (version 5.0; Premier Biosoft, Palo Alto, CA, USA),
and the primer sequences were (5,30): Forward, 5'-CGTGGA
TAGCGGTTTGA-3', and reverse, 5-GAGCCCTCCTTTGAT
GC-3'". PCR reaction conditions were: 95°C for 5 min, followed
by 30 cycles of 94°C for 45 sec, 55°C for 45 sec, and 72°C for
1 min for a total of 30 cycles, and then 72°C for 10 min. PCR
Master Mix (Thermo Fisher Scientific) was used to prepare PCR
reaction system, and PCR product was confirmed by agarose gel
electrophoresis (1.1% gel) and gel images were analyzed using
a Digital Gel Imaging Analysis system (GIS-1000, Shanghai
Tianneng Technology Co., Ltd., Shanghai, China).

Pretreatment of transgenic rabbit milk. Rabbit milk was
collected everyday during the lactation period (4 weeks after
kindling), followed by centrifugation at 4,000 x g, 4°C for
30 min, precipitation was removed and the fat in the top layer
was also removed. The rabbit whey was collected and the
pH value was adjusted to 2.5 with 50% phosphoric acid and
0.5 mol/l HCI. Next, the milk was centrifuged at 6,000 x g at
4°C for 30 min, the supernatant was collected and the pH value
was adjusted to 3.5 with 1 mol/l sodium hydroxide (50%). A
total of 5 centrifugation cycles were performed at 6,000 xg
at 4°C for 10 min, the supernatant was collected after each
centrifugation, and 1 mol/l sodium hydroxide was added to
adjust the pH value to 4.5,5.5,6.5,7.5 and 8.5 after collections
of supernatant, respectively, at each successive cycle (6,33,34).
Finally, the supernatant was filtered with a 0.22-ym aperture
membrane filter to remove any impurities.

Determination of rhPA in transgenic rabbit milk by
ELISA. Indirect ELISA was used to determine the rhPA
level in the milk of transgenic rabbits (29,35,36). ELISA
kits (cat. no. QY-H11759) were purchased from Westang
Biotechnology Co., Ltd (Shanghai, China) and the analysis was
conducted according to the manufacturer's protocol. Briefly,
100 ul of rhPA transgenic rabbit milk whey was immobilized
to each well of ELISA plate (96-well) by physical adsorption as
the detecting antigen. The well containing thrombolytic drug
alteplase (Sigma-Aldrich; Merck KGaA) was used as the posi-
tive control, while the normal nontransgenic rabbit milk whey
was used as the control antigen to exclude the false positive
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Figure 1. Lanes 1, DL2000 DNA marker ladder; 2, PCR amplification products of rhPA gene microinjection serving as the positive control; 3, double-distilled
water as the blank; 4, PCR amplification products of FO transgenic rabbits serving as the positive control; 5-21, PCR amplification products of the offspring of

homozygote transgenic rabbits mated with normal nontransgenic rabbits.

results. PBS (containing 137 mM NaCl, 10 mM Na,HPO,,
3 mM KCl and 2 mM KH,PO,, pH 7.4) was used as the blank
control. Following thorough washing using washing solution
in the ELISA kit, the sample was mixed with the chromogenic
substrate tetramethyl benzidine. The intensity of the staining
color and the rhPA level in the samples were positively corre-
lated. Absorbance (optical density) was examined at 450 nm,
and the concentrations of rhPA in the samples were calcu-
lated according to the instructions of the ELISA kit. Briefly,
following incubation in blocking solution at 37°C for 1.5 hours,
washing was performed with washing solution 3 times, for
5 min each time. The primary rthPA Monoclonal antibodies
(1:4,000; cat. no. sc-59721; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) was added and incubated at 37°C for 1.5 h,
then washed with washing solution 3 times, 5 min each time.
Then secondary horseradish peroxidase-conjugated goat
anti-mouse Immunoglobulin G (1:4,000; cat. no. sc-2005;
Santa Cruz Biotechnology, Inc.) was added and incubated at
37°C for 1.5 h. Analysis was performed using a microplate
reader with the internal software (RT-6000; Rayto Life and
Analytical Sciences Co., Ltd., Shenzen, China).

Detection of thrombolytic activity of transgenic rabbit milk
by FAPA. The thrombolytic bioactivity of rhPA transgenic
rabbit milk was evaluated in vitro through FAPA using a
fibrin-thrombin-agarose gel containing 1.0 % (w/v) agarose,
10 mg/ml fibrinogen containing a small amount of plas-
minogen, and 1 U/ml thrombin in PBS (31,35-37). The rhPA
transgenic rabbit whey samples were diluted for analysis
using PBS. In order to obtain the fibrin-thrombin-agarose gel,
PBS was used as a solvent and mixed with 1.0% agarose gel,
10 mg/ml fibrinogen and 1 U/ml thrombin. Next, 15 ml agarose
gel was boiled. When the temperature dropped to 55-60°C,
1 ml fibrinogen 37°C was preheated, and thrombin was heated
to 42°C, then agarose gel, fibrinogen and thrombin were
immediately mixed and transferred to a glass dish. When the
solution cooled to room temperature, fibrin-thrombin-agarose
solidified to a gel state. Sample wells were drilled in each
gel, and each sample well filled with 20 ul sample solution,
followed by incubation at 37°C for 24 h. The thrombolytic
activity of each sample was determined based on the diameter
size of the thrombin-dissolving ring.

Evaluation of rhPA expression in transgenic rabbit milk by
western blot analyses. Protein concentration was measured
using a bicinchoninic acid assay. Western blot analysis was used
to detect the expression of rhPA in the transgenic rabbit milk,
as previously described (6,29,35-37). Briefly, whey samples

were denatured in boiling water (100°C) for 5 min. The protein
bands were then separated under denaturing conditions by
12% SDS-PAGE using Mini-Protean II Electrophoresis Cell
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Next, the
unstained proteins were electrotransferred, to a polyvinylidene
difluoride membrane. Following transfer, the membrane was
blocked with 5% (v/v) skimmed milk containing 0.1% Tween
20 for 90 min at 42°C, and the membrane was then probed over-
night at 4°C in the same buffer containing a mouse anti-human
rhPA primary antibody (1:2,000 dilution; sc-59721; Santa
Cruz Biotechnology, Inc.). Subsequently, the membrane was
incubated with the secondary antibody conjugated with horse-
radish peroxidase (cat. no. A01854-200; 1:1,000; GenScript,
Piscataway, NJ, USA) for 2 h at 37°C. Finally, the membrane
was washed three times with the wash buffer, and the reaction
was developed with DAB colorimetric solution reagent.

Results

Generation of homozygous rhPA transgenic rabbits.
Transgenic rabbits K29 were selected to mate with normal
female New Zealand rabbits. A total of 25 F1 offspring rabbits
were obtained, and 16 of these were found to be transgenic
rabbits using the PCR method. F1 male transgenic rabbits
were then mated with female F1 transgenic rabbits to obtain
F2 transgenic rabbits. A total of 10 F2 offspring rabbits were
obtained, and it was observed that 5 F2 rabbits (4 female and
1 male) were transgenic. Finally, F3 rabbits were obtained
by mating F2 transgenic rabbits with normal rabbits. PCR
was used to analyze the genomic DNA of the F3 rabbits, and
homozygous rhPA transgenic rabbits were screened out from
the F2 generation of transgenic rabbits through a test cross. F3
generation rabbits were subjected to DNA extraction, followed
by PCR reaction and gel electrophoresis. All the 16 rabbits
from the F3 generation were identified to be transgenic and the
results demonstrated that 2 F2 transgenic rabbits (K29 F2-05
and K29 F2-09) were homozygous (Figs. 1 and 2).

Evaluation of rhPA expression level in the milk of homozygous
transgenic rabbits by ELISA. ELISA was used to analyze the
rhPA expression level in the milk of transgenic rabbits. As
shown in Figs. 3 and 4, ELISA results revealed that rhPA
expression in the milk of homozygous K29 strain transgenic
rabbits was approximately two times higher in comparison
with that in the hemizygote K29 strain transgenic rabbits.
Notably, the rhPA expression level in the milk of homozygous
rabbits was stable (~0.95 mg/ml) throughout the entire lacta-
tion period. However, the rhPA expression level in hemizygous
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Figure 2. Lanes 1, DL2000 DNA marker ladder; 2, PCR amplification products of rhPA gene microinjection serving as the positive control; 3, PCR amplifica-
tion products of normal nontransgenic rabbits serving as the negative control; 4, double-distilled water as the blank; 5-25, PCR amplification products of the

offspring of homozygote transgenic rabbits mated with normal nontransgenic rabbits.

Figure 3. Enzyme-linked immunosorbent assay of partial transgenic rabbit whey. Sample 1, PBS; samples 2-8, alteplase serving as the injection standard at
concentrations of 5, 10, 50, 500, 1,000, 2,000 and 4,000 ng/ml, respectively; sample 9, whey from normal nontransgenic rabbits; sample 10, whey from homo-
zygote K29 transgenic rabbits (diluted to 1,000-fold); sample 11, whey obtained on days 1-5 from hemizygote K29 transgenic rabbits (diluted to 1,000-fold);
sample 12, whey obtained on days 6-30 from hemizygote K29 transgenic rabbits (diluted to 1,000-fold).
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Figure 4. Detection of recombinant human plasminogen activator levels in milk samples using enzyme-linked immunosorbent assay. (A) hemizygous rabbits
and (B) homozygous rabbits. rhPA, recombinant human plasminogen activator.

rabbit milk was stabilized at only 0.465 mg/ml in the first
5 days of the lactation period (Fig. 4).

Activity assay of rhPA in the milk of transgenic rabbits. FAPA
was conducted to determine the thrombolytic activity of
rhPA, which was measured according to the size of the throm-
bolytic transparent circle. Activity analysis demonstrated that
the rhPA products expressed by the K29 strain of transgenic
rabbits exhibited a fibrinolytic activity in vitro (Fig. 5). The
rhPA activity in samples was calculated using regression
equations of the standard curves (data not shown) based on
their transparent diameter size of the thrombin-dissolving
ring. Based on the standard curve, the calculated activity
of the expressed rhPA in the milk of transgenic rabbits
was approximately equivalent to the effects of alteplase
(Tables I and II). FAPA also revealed that the proteins from
the rhPA homozygote transgenic rabbits had a thrombolytic
activity in vitro, and that their specific activity (biological
activity/expression level) was 0.12x1,000 mg/ml, which was

2.7-fold higher compared with that of hemizygote rabbits
(0.36x1,000 mg/ml) (Fig. 6). These results demonstrated
that the in vitro activity of thPA in the milk of transgenic
rabbits was 110-360-fold higher in comparison with that of
the alteplase positive control group.

Analysis of rhPA expression in the milk of transgenic rabbits
by western blot analysis. Western blot analysis was also
performed to determine the rhPA levels in the different groups.
The rhPA protein is shown as two bands with molecular weight
of 39 and 37 kDa in SDS-PAGE gels (Fig. 7), which is in accor-
dance with the observations of a previous study (38). Lane 8
represents the protein Marker (SN123, Nanjing Shengxing
Biology Company, Nanjing, China), Lanes 2 and 5 are reteplase
National Institute for Biological Standards and Control, 20 and
1 pg, respectively. Lanes 3 and 6 are hemizygous rabbit milk
(40 and 80 ul purified rabbit milk, respectively). Lanes 4 and
7 are homozygous rabbit milk (40 and 80 ul purified rabbit
milk, respectively). These results demonstrated that rhPA
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Table I. Enzyme-linked immunosorbent assay of rhPA level in
the milk samples.

rhPA concentration Optical density
Sample (ng/ml) at 450 nm
1 (non-transgenic 0 0
rabbit)
2 5 0.125
3 10 0.208
4 50 0.267
5 500 0.891
6 1,000 1.112
7 2,000 1.245
8 4,000 1.360
Homozygote K29 950 1.09
Hemizygote K29 465 0.86
Hemizygote K29 7 0.15

rhPA, recombinant human plasminogen activator.

Figure 5. Fibrin agarose plate assay of partial transgenic rabbit whey. Sample 1,
PBS; samples 2-12, alteplase serving as an injection standard, at concentra-
tions of 3,000, 1,500, 750, 350, 150, 70, 15, 10, 5, 2 and 1 ug/ml, respectively;
sample 13, whey from homozygote K29 transgenic rabbits (diluted to
1,000-fold); sample 14, whey from hemizygote K29 transgenic rabbits (diluted
to 1,000-fold); sample 15, whey from normal nontransgenic rabbits.

homozygote transgenic rabbits were successfully generated
and efficiently expressed rhPA.

Discussion

To the best of our knowledge, the present study is the first to
report the expression level and stability of thPA in the milk
produced by homozygote transgenic rabbits (4). A novel
PCL25/rhPA transgenic rabbit strain (K29) was established,
and high expression levels of rhPA was achieved in the homo-
zygous transgenic rabbit (5,6). Homozygous animals exhibit
increased advantages, such as higher genetic stability and no
need for transgenic detection of offspring rabbits. Thus, the
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Table II. Specific activity of rhPA in the milk samples.

rhPA concentration  Transparent circle
Sample (ng/ml) diameter (mm)
1 (non-transgenic 0 0
rabbit)
2 3,000 315
3 1,500 28.5
4 750 250
5 350 230
6 150 21
7 70 19.5
8 15 18.0
9 10 17.5
10 5 16.0
11 2 100
12 1 50
Homozygote 320 225
Hemizygote 120 20.5

rhPA, recombinant human plasminogen activator.

Whey of homozygote K29 transgenic rabbits
20 #*Whey of hemizygote K29 transgenic rabbits
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Figure 6. Fibrin agarose plate assay of thPA concentration in partial trans-
genic rabbit whey. rhPA, recombinant human plasminogen activator.

Figure 7. (A and B) SDS-PAGE and western blot analysis of partial K29
strains of rthPA transgenic rabbits. Lane 1, whey of normal nontransgenic
rabbits (40 pl); lane 2, whey of hemizygote transgenic rabbits (20 pl); lane 3,
whey of homozygote transgenic rabbits (10 ul); lane 4, protein marker.

cost may be markedly reduced, and higher levels of rhPA can
be obtained in the milk (24,25).

In the present study, individual K29 rabbits with relatively
high rhPA expression level were screened out, and homozygous
K29 F2 rabbits were generated. ELISA results revealed that
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rhPA expression in homozygous K29 F2 transgenic rabbits
exhibited increased levels and stability compared with those in
hemizygous K29 strain rabbits. FAPA results also demonstrated
that the rhPA expression levels in homozygous K29 F2 trans-
genic rabbits were 2.7-fold higher in comparison with that in
hemizygous K29 strain rabbits. This result was not consistent
with the ELISA results, possibly due to the presence of certain
substances in the milk that influenced the FAPA results.

Transgenic rabbits were generated in the current study
by microinjection, and the exogenous gene was randomly
integrated into the animal genome. However, controlling the
integration loci and copy number is difficult at present. Due to
different integration sites, this may create various transgenic
exogenous gene loci, and influence the rhPA expression level
and stability (1-4,39,40). Based on the findings in a previous
study, the rhPA levels that individual transgenic rabbits
expressed were evidently different (5). There are three reasons
for this finding: Firstly, the expression of foreign genes and
the copy number are correlated. The integration gene copy
number of homozygous transgenic rabbits was more than
double compared with that of hemizygous transgenic rabbits,
which resulted in increased and stable expression. Secondly, a
PCL25/thPA expression vector was built containing enhancer
regulation components, which can lead to raised expression.
Finally, in the present study, only one gene integration loci
site was obtained from the homozygous transgenic rabbit milk
sample, and the sample size was small; therefore, more gene
integration loci in transgenic rabbits should be investigated in
order to examine rhPA expression in the milk of homozygous
transgenic rabbits.

It has been reported that other strains of homozygous
transgenic rabbits are unable to express rthPA or other recom-
binant proteins efficiently or stably, while certain studies have
also indicated that use of the same recombinant protein and
expression vector in different animals resulted in different
expression levels (1-4). This may be due to the vector construc-
tion or locus, or the different recombinant proteins influencing
the expression level or stability (1-4). Therefore, future studies
should examine how to control the locus and construct an
efficient expression vector in transgenic animals, and how to
select expression vectors for specific recombinant proteins,
eventually identifying an ideal expression vector and animal
species to express different recombinant proteins. The yield
must also be further improved by optimization of the expres-
sion vector construction or other methods (1-4,39-43).

rhPA expression in the milk of homozygous transgenic
rabbits has not been previously reported. The main reason for the
use of transgenic rabbits is that surgery in rabbits is simple, the
mating period is short, their lactation amount is large, and finally
rhPA in the milk is easily purified due to the simple ingredients
contained in their milk (26,27). Thus, the present study used
transgenic animals as a mammary gland bioreactor to produce
recombinant proteins. The present study may provide reference
for the large-scale production of recombinant proteins. High
rhPA expression through microinjection to generate rhPA trans-
genic rabbits was conducted in the present study. The results
revealed that the exogenous genes in the genome of rabbits can
be stably expressed, while also proving that homozygous trans-
genic animals can feasibly improve foreign gene expression
levels and stability in the animal mammalian gland. The present
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study generated a homozygous rhPA rabbit strain and provided
a reliable basis for large-scale production of thrombolytic drugs
in the future (6).

In conclusion, the present study constructed homozygous
transgenic rabbits with a high expression of thPA during the
entire lactation period. The results of ELISA indicated that the
rhPA expression level in homozygous K29 rabbits was markedly
higher as compared with that in hemizygous transgenic rabbits.
Furthermore, it was verified that improving the expression level
of foreign genes is feasible by cultivating homozygous transgenic
animals. The current study provided an experimental basis and
guidance for establishing a new strain of rhPA homozygous
transgenic rabbits, and may find applications in the large-scale
preparation of thrombolytic agents.
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