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MD1-SAK GCGGAATTCATGT-

CAAGTCGCGGAGATTCATTCGACAAA
GCGGGATCCTTATTTCTTTTCTATAACAACC

MD3-SAK GCGGAATTCATGTCAC-
GCGGAGATTCATTCGACAAAGGA GC-
GGGATCCTTATTTCTTTTCTATAACAACC
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DH5a LBA
MyCAA 0.08 mol/L Na,HPO, 0.02 mol/L
KH,PO, 0.05 mol/L NaCl 0.02 mol/L MgSO, 1%
Glucose 1%Casin 1.1 mg/mL Vitm B1 0.1% NH,CI
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Fig. 1 SDS-PAGE analysis of SAK mutant after purified by
SP-FF, G-50 and Q-FF. A: SDS-PAGE analysis of MD1-SAK
after purified by SP-FF, G-50 and Q-FF. 1: low molecular weight
protein markers; 2: SDS-PAGE analysis after purified by SP-FF;
3: SDS-PAGE analysis after purified by G-50; 4: SDS-PAGE
analysis after purified by Q-FF; B: SDS-PAGE analysis of
MD3-SAK after purified by SP-FF, G-50 and Q-FF. 1: low mo-
lecular weight protein markers; 2: SDS-PAGE analysis after
purified by SP-FF; 3: SDS-PAGE analysis after purified by G-50;
4. SDS-PAGE analysis after purified by Q-FF.
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SP-Sepharose FF

SDS-PAGE
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Q 0.22 mol/L 95% 1 MD3-SAK
NacCl MD1-SAK SDS-PAGE 1-B HPLC
SDS-PAGE 1-A 95%
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Table 1 Recovery of MD1-SAK after each chromatographic separation step used for its purification from the lysate of transformed E.coli. cells®

Step Sample vol. Total protein Purity® 10~*xSpecific activity Activity recovery Purificationdfactor
/mL /9 1% /(HU® /mg) 1% (-fold)
Lysate 2000 3.21 56 6.84 100.00% —
SP-Sepharose FF 150 2.16 82 7.25 71.32% 1.46
Sephadex G-50 270 1.23 91 9.62 53.89% 1.11
Q-Sepharose FF 220 0.87 96 10.80 42.80% 1.06

® purification was from 38 g of cells wet weight. ° Protein quantities were estimated from densitometric measurements using 18%(w/v)

SDS-PAGE or determined by HPLC analysis. © Abbreviation: HU, home units(arbitrary units in comparison with a home standard). ® Calculated

as the fold increase in protein purity (percentage purity in the purification step divided by percentage purity in the preceding step).
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Fig. 3 Fibrinolytic activity of the purified SAK mutants by radial
caseinolytic assay. MD1-SAK 1-5: Concentration of MD1-SAK was
1.43x107° mg/mL, 8.60x107* mg/mL, 4.30x107* mg/mL, 2.15x107*
mg/mL, 1.43x10™* mg/mL, respectively. MD3-SAK 1-5: Concentra-
tion of MD3-SAK was 1.93x10°mg/mL, 1.16x10°mg/mL, 5.80x10™*
mg/mL, 2.90x10™* mg/mL, 1.93x10™ mg/mL, respectively. WT-SAK
1000 1200 '4“2”2 1600 1800 1-5: Concentration of WT-SAK was 3.17x10° mg/mL, 1.90x10°

1773.02
192447

mg/mL, 9.50x10* mg/mL, 4.75x10* mg/mL, 3.17x10* mg/mL,
2 SAK BT ERIE S H respectively. ST-SAK 1-5: Specific activity of the standardized SAK
was 1000 HU/mL, 800 HU/mL, 400 HU/mL, 200 HU/mL, 100
HU/mL, respectively.

Fig. 2 MS analysis of SAK mutant. A: MS analysis of MD1-
SAK; B: MS analysis of MD3-SAK.
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Fig. 4 SDS-PAGE analysis of activation of plasminogen with SAK
and the mutants. A: WT-SAK; B: MD1-SAK; C: MD3-SAK; M: low
molecular weight protein markers; 1-7: 0, 2, 4, 8, 16, 32, 60 min.
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Table 2 The effects of SAK and the variants in platelet aggre-
gation assay. Platelet aggregation was ADP-induced. Maximal
aggregations were measured after incubation at 37°C for 15min.
Data were the mean of 3 independent samples. (* p<0.05)

Sample Final concentration/(mmol/L) Inhibition/%

Saline — 3.47+1.28
WT-SAK 2 3.98+1.05
MD1-SAK 2 8.86+1.19
MD1-SAK? 2 10.72+2.58
MD3-SAK 2 9.86+1.84
MD3-SAK?® 2 19.71+3.09

 the samples had incubated with plasminogen for 60 min as de-

scribed in the material and methods.
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Expression, purification and characterization of a novel staphylokinase
with anti-platelet aggregation activity

Jingfang Di, Jintian He", Ruiguang Xu, Xi Chen, Baohua Zhao

(Department of microbiology, College of Life Sciences, Hebei Normal University, Shijiazhuang 050016, China)

Abstract: [Objective] To investigate construction and expression of novel staphylokinase (SAK) mutants with
Arg-Gly-Asp (RGD) motif at its N-terminus, and to develop a novel thrombolytic agent with fibrinolytic activity and
anti-platelet activity. [Methods] The fragments of SAK mutants were inserted into expression plasmid pBV220 and re-
combinant vectors were transformed into E. coli BL21, The SAK mutants could be expressed by rose of the culture tem-
perature from 30°C to 42°C. After purified by a 3-step chromatography, their fibrinolytic and anti-platelet aggregation
activity were analyzed. [Results] SDS-PAGE analysis indicated that the SAK mutants occupied 50% of the total proteins
in E coli BL21. After purified by the 3-step chromatography, the purity of SAK mutants were more than 95%. The Specific
fibrinolytic activities of SAK mutants purified were 10.8x10* and 11.0x10* HU-mg*.Anti-platelet aggregation activity
were 10.72% and 19.71%, which were significantly higher than that of wild-type SAK. Thus the SAK variants were suc-
cessfully expressed, and purified. The high purity and bioactivities of staphylokinase variants lay a good basis for manu-
facture and clinical application.
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