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and pharmaceutical manufacturing, whereas the low expression limits its application expansion.
To improve the expression of GGT, we employed MiitCompute to engineer the GGT derived
from Bacillus licheniformis and obtained the mutant GGTA*°C with improved catalytic
efficiency. By analyzing the substrate-binding pocket, we found that the mutant GGT*3*°C had a
more open substrate-binding region and a substantially straighter tunnel than the control, with a
255% increase in activity. Subsequently, with B. licheniformis BL11 as the starting strain, we
constructed the strain BL11::prsA/pPykza+rbse-SPsacc-GGTA3¥C with efficient GGT secretion by
integrating the expression of chaperone PrsA, and the enzyme activity reached 22.1 U/mL.
Finally, after optimization of the fermentation process in a 5 L fermenter, the GGT activity
reached 180.14 U/mL, marking the highest level of GGT activity reported to date. In
conclusion, the mutant GGTA*°C with high catalytic performance was successfully obtained,
and the strain B. licheniformis BL11::prsA/pPykza+bss-SPsacc-GGTA3%°C was attained with high
production of GGT, which provided an excellent strain for the industrial production and
catalytic application of GGT.

Keywords: y-glutamyltranspeptidase; Bacillus licheniformis; molecular modification; expression
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Table 1 Strains and plasmids used in this study

Strains and plasmids Characteristics Source
Strains
Escherichia coli DH5a F-®80d/lacZAM15, A(lacZYA-argF)U169, recAl, endA1, hsdR17 Lab store
(rK-, mK™), phoA, supE44, \-, thi-1, gyrA96, relAl
Bacillus licheniformis BL11 WX-02Ampr Avpr Aapr XAepr Abpr Awpr AAapr EAbpr AAhagAamyLApgsC Lab store
BL11-UTR9-Dnal WX-02Ampr Avpr Aapr XAepr Abpr Awpr AAapr EAbpr AAhagAamyL ApgsC- Lab store
UTR9-Dnal
BL11-SppA::prsA WX-02Ampr Avpr Aapr XAepr Abpr Awpr AAapr EAbpr AAhagAamyLApgsC- Lab store
SppA::prsA
BL11AhrcA WX-02Ampr Avpr Aapr XAepr Abpr Awpr AAapr EAbpr AAhagAamyL ApgsCAhrcA Lab store
BL11/pHY300 BL11 containing plasmid pHY300 This study
BL11/pPykza+rbs6-SPsacc-GGT BL11 containing plasmid pPykza+bs6-SPsacc-GGT This study
BL11/pPykza+rbs6-SPsacc-GGTV#T  BL11 containing plasmid pPykza+rbse-SPsacc-GGT V43T This study
BL11/pPykza+rbs6-SPsacc-GGTT!40G BL11 containing plasmid pPykza-+rbs6-SPsacc-GGTT!406 This study
BL11/pPykza+rbs6-SPsacc-GGTA2026 BL11 containing plasmid pPykza-+rbs6-SPsacc-GGTA2026 This study
BL11/pPykza+rbs6-SPsacc-GGT284K BL11 containing plasmid pPykza+rbs6-SPsacc-GGT84K This study
BL11/pPykza+rbs6-SPsacc-GGTX320R BL11 containing plasmid pPykza-+rbs6-SPsacc-GGTK320R This study
BL11/pPykza+rbs6-SPsacc-GGTA33°C BL11 containing plasmid pPykza+rbss-SPsacc-GGTA33C This study
BL11/pPykza+bs6-SPsacc-GGTP37°A BL11 containing plasmid pPykza+rbss-SPsacc-GGTP379A This study
BL11/pPykza+rbs6-SPsacc-GGTN44S BL11 containing plasmid pPykza+rbss-SPsacc-GGTN4408 This study
BL11/pPykza+rbs6-SPsacc-GGTP47? BL11 containing plasmid pPykza+rbse-SPsacc-GGTP475P This study
BL11/pPykza+rbs6-SPsacc-GGTA33C BL11 containing plasmid pPykza+rbse-SPsacc-GGTA33C This study
BL11-UTR9-Dnal/pPykz +rbs6- BL11-UTR9-DnaJ containing plasmid pPykza+rbs6-SPsacc-GGTA33C This study
SPsacc-GGTA3C
BL11-SppA::prsA/pPykza+rbse- BL11-SppA::prsA containing plasmid pPykza+rbss-SPsacc-GGTA33C This study
SPsacc-GGTA3C
BL11AhrcA/pPykza+rbs6-SPsacc- BL11AhrcA containing plasmid pPykza+rbse-SPsacc-GGTA33C This study
GGTA339C
Plasmids
pHY300 E. coli-Bacillus shuttle vector; Amp® in E. coli, Tc" in both E. coli and B. subtilis  Lab store
PPykza+rbs6-SPsacc-GGT Gene ggt driven by promoter Pykza+bss and signal peptide SPsacc This study
PPykza+rbs6-SPsacc-GGTV4T GGTY4T driven by promoter Pykza+mss and signal peptide SPsacc This study
PPykza+rbs6-SPsacc-GGTTH406 GGTT!40G driven by promoter Pykza+rbss and signal peptide SPsacc This study
PPykzA+ibs6-SPsacc-GGTA2026 GGTA2026 driven by promoter Pykza+mss and signal peptide SPsacc This study
PPykzA+ibs6-SPsacc-GGT 84K GGT®#K driven by promoter Pykza+mss and signal peptide SPsacc This study
PPykzA+rbs6-SPsacc-GGTR320R GGTX3?R driven by promoter Pykza+bss and signal peptide SPsacc This study
PPykza+rbss-SPsacc-GGTAIC GGTAPC driven by promoter Pykza+bss and signal peptide SPsacc This study
PPykza+rbs6-SPsacc-GGTP3794 GGTP37°A driven by promoter Pyiza+rbss and signal peptide SPsacc This study
PPykza+rbs6-SPsacc-GGTN440S GGTN4408 driven by promoter Pyiza+rbss and signal peptide SPsacc This study
PPykza+rbs6-SPsacc-GGTP73P GGTP47*® driven by promoter Pykza+bss and signal peptide SPsacc This study
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Table 2 Primers used in this study

Primer name Primer sequence (5'—3")

PykzA+ TGCTGTTTTATCCTTTACGAAATATTGA

rbs6-F TGTGACAC

PykzA+ AATCAGTCTCTTTTTCATGGTACATTCC

rbs6-R TCCTTTCT

SPsacc-F AGAAAGGAGGAATGTACCATGAAAAA
GAGACTGATT

SPsicc-R ACCATCTCCGCCGCTCATTGCATCTGC
CGAAAATGC

GGT-F TCGGCAGATGCAATGAGCGGCGGAGAT

GGT-R CTATTTAGCCGATGTCTTAATGTTGA

V43T-F GAAAGACACAATGGTGGCTA

V43T-R CCACCATTGTGTCTTTCCC

T140G-F  ACGGAAATGGAGTCGGTG

T140G-R ~ ACCGACTCCATTTCCGTGT

A202G-F  GCAAAGGATGGCTTCCTTCCG

A202G-R  GAAGGAAGCCATCCTTTGCGG

Q284K-F  TCGCAAGCAAACCTCCTCCAA

Q284K-R  GGAGGAGGTTTGCTTGCGATA

K320R-F  ATCATCTGCGCGCGGAAA

K320R-R  GTTTCCGCGCGCAGATGATA

A339C-F  CGATCCGTGCTTTGTCGATG

A339C-R  TCGACAAAGCACGGATCGC

P379A-F  GAAATACGCTGCGGGAGAG

P379A-R  CTCCCGCAGCGTATTTCC

N440S-F  ATGAACTGAGCGATTTTGATG

N440S-R ~ TCAAAATCGCTCAGTTCATTGT

D475P-F  ACCGGTGCCTACTGTCGG

D475P-R ~ CGACAGTAGGCACCGGTTT

ATet-R ATAGTAGCCATGGGAGAAGGAGTCGGTC

ATet-F GACCGACTCCTTCTCCCATGGCTACTAT

amp-F CCCTGATCTCGACTTCGT

amp-R TTAAGGGGTCTGACGCTC

300-T5-F  GAATTCCTGTTATAAAAAAAGGATC

300-T5-R ~ TCTAGAAGCTTGGGCAAAGCGTTTT

1.1.2  EgAni 7

KeyPo DNA R4 i . Tag DNA R4 i1
I R U R A M R A B BR 23 | 5 Protein
marker (Broad) . DNA 43 F & #5 #ff marker
(DL 5000 DNA marker)¥Jj H TaKaRa /A F] ;
Hi-Efficienct Cloning Mix . JFURL 4250 & .

Z&: 010-64807509

DNA [l 4lifb i 7] & 25 3 2SI 554 D
BAWRAE; EAK. B . SUEHYIE A
Biowest 23 ) 5 oAt 38 5850 ([ 7= 40 Ar 46 ¥4 1
H [ 25 45 Ak AR 04T BR A H
1.1.3 EHFE

LB Kigebk: AR 10 /L. WEER 5 g/L.
AN 10 g/L,pH 7.2, LB AR RS 35 3 5 0 1.5%
IR o

GGT KEeliFide. 2% %0 . 1% K5E
FIIE . 1% K3 1% B EAE . 1.5%BEER
0.3%MEMR A 5 . 0.6%ifRE%k, pH 7.2,
1.2 7%
1.2.1 MiutCompute X5 AL 72

MitCompute J&— 43 B 8 11 57 22 JE 1R ok
4% 1Y T H (https:/mutcompute.com/), %K1
T PR = > Bk, did?#>] PDB
B 12 v G B TR BON AR R R R SRR
A7 AR E T AE Ml i A GGT & 1Y PDB
BE RS %5 (2V36), BifiJE XT3RS 45 i1 T
HEFP o e, d5cJa R4S R AR 7 25
1.2.2 CAVER 3.0 PyMOL Plugin 3l &
YIEIES I

CAVER J& H TR 5 F 2 By 88 1 B 0+ N
HR A B M LA M T H ., CAVER 3.0 foif7E
PyMOL it fin] #ALk%iE . 76 CAVER 3.0
PyMOL Plugin H%i A& )5t PDB #& X454,
FeE TG PR, B E R K Java HEK/NH 6 GB.
B/NEEERRE R 09 A FRERE N 4, 72k
ol 3 ALRIEBIME N 3.5 T IERAGEE N 12,
DIV PEFRELN s bR A, TR R A, IR
S5 7E PyMOL HE/RIKPIEAGEIE, FiH
AFEHER . R AR K B TE N 3
1.2.3 GGT RLHAWE

FRIKFURL pPyisasbse-SPsacc-GGT WK EET7
AR . LUK pHY-Pyioasbse-amp K, i
A 51 % PykzA+rbs6-F/R ¥~ 3 & B¢ )3 3 T
Pyambsso LA B. subtilis 168 ik, fHiH514)
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SPsacc-F/R ¥ 415 5 K SPsacco LAMIA ZF JLAT B4
9945A JgHitk, M54 GGT-F/R ¥ HFE A
ggte PAJEKE pHY-Pyisarbss-amp AL, {51
Y amp-F/R ¥ 7 amp. RIGHHSIY
PykzA+rbs6-F Fl amp-R il i B & & fff PCR
(gene splicing by overlap extension, SOE-PCR),
W ER 4 AR B, ek, ST
300-T5-F/R, ¥ 14 pHY300 # 4. KiJ5,
Hi-Efficienct Cloning Mix # F F & #4lifb 5 1y
DNA F B 5 8k, I8 oo 46 2 K A 1w
DH5a ", #ALEIA R IRMES AU R
(tetracycline, Tet)Hu i 14 , < th LR TR )
MR 252 #i 7% PCR Fil DNA I FRAIE, K158
FHPEFE AL + BI R pPyksa+rbso-SPsacc-GGT o
1.2.4 GGT FBEFREERIHE

DA 25 3¢ 38 B AE BL11/pPyksaibse-SPsacc-
GGT Wt Bl . 1 %EH GGT ik #H K
PPyizatrbse-SPsacc-GGT  HL 5% Ak 2 b A< 25 B F1 18
BLI11 . G e 200 B 7, RIS RBH
Pk BL11/pPyiza+rvse-SPsacc-GGT o
1.2.5 MRZFAEFERIE GGT

W DR T —80 °C KA Y B AR 0 e 725 A
20 mg/L Tet ) LB ~F-#l |, 7E 37 °CHF R bkIE
16 12-14 h, B , PRBCR R IEFIE)S A 5 mL
WK LB (& 20 mg/L Tet)/NEMH, 37 °C.
230 r/min R IEFR . KRR T 54
50 mL #& 44 LB (% 20 mg/L Tet)1) 250 mL =ff
i, 37 °C. 230 r/min $53% & ODgoo~4. W),
e 3% (R ER RS FIREER SR
30 mL & B R 5L 250 mL =i, 37 °C.
230 r/min $5 37 48 h, FEAGIAHOCAE BESHL
1.2.6 GGT Bg5ER N

2:7% Meister S5 ) GGT MBiE I E J5
e, Dhoy- 4% 0N 2 R % (L-y-glutamyl-p-
nitroanilide, y-GpNA)FI H —fik(glycylglycine,
Gly-Gly) W JRYHFAT ROV o el SOk &
TERFBR AR RN A 10 pL Tris-HC1 (50 mmol/L,
pH 9). 40 pL MgCl; (1 mmol/L). 50 pL Gly-Gly
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(30 mmol/L), 50 pL i S B BRE , e imA
50 uL y-GpNA (1.25 mmol/L). & % BEZH I
AR /K. SRJFH LA R E T 40 °C
ZMFF RO 10 min, JIA 20 pL BSER(3.5 mol/L)
ZALR N o T 7YX i 3 28 % (p-nitroaniline)
Z31E 410 nm 1 I I R0 S 8 P AR A
K 2 A4 2 7E 410 nm 420 B IR, 42
A9 X6} i 3 2 B B B 7 1 28 (0-0.4 mol/L), T8 &
PR s mP T i R B B

GGT FE(U)&E X R : B min AR 1 pmol
XoJ i 5 2R e P i ) il

FE i Bl 13 A=)

X:(Auo_Bmo)Xlen (1)

V, x10

o, X AR SR BRTS J0, U/mL 5 Ago S SZ582ZH (N
ARUH Z OB SCAE 5 Baro AN BRAL I A JC
AOVRIWSEIE s Vi A ROVIR R BAFL, mL; Vs
FIMAFESARTY, mL; n AR REATEG 10
R J5 g B5F ) 10 mins
1.2.7 GGT HiER KN pH FLRE

Il RN pH ORI 43 000Ks B & A
[l pH (3.0-11.0)/Z& vk R e i, s HAE
ANIF) pH 2508 T BIBETE - ANIE pH 2544 F B9 2% v
RN FERM-7ERZ WK
(pH 3.0-5.0). iR — S 4N-BE e S — 2% il
(pH 5.0-8.0), Tris-HCI ZZ s (pH 8.0-10.0)F!
50 mmol/L #ifR-NaOH Z& ik (pH 10.0-11.0).

o3 S B AR - A B TR
Ivi) S5, E 2514 (2080 °C)il 5 BT , Feid S T
1 GGT BI&E BN E N 100%.
128 SLABMEMATLZ

TR 1.2.5 R R R I R T
W, DL 10%3EF a2 5A 2.5 L AR RN
5 L KBEERES, WGP 3 & 200 r/min,
Vi 4A0(25.00+0.05)% , i I s Sk s 42 ol 0 P i
M, WA EN 1 vwme KB pH #HI7E 7.2 4,
K72 ho BG4 hBORE, DAY R BEG
JREREAR
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1.3 Sitoth

JrR SRR 3K, B EERSRE 34
AT, R FH Origin 2021 HEA 78 4 FEFN 347 .
Hr: *F /R P<0.05, ARIT%ER; TR
P<0.01, 7 B FG 525 ***HK/R P<0.001,
BB ENGIT #2225

2 ERE54M

2.1 HEXRIE GGT Bt R FITFE
BS5XE

KT WFGE GGT 18 A 28 M AT i P 40 i 36
BN, AR PG 3T Pyanse FE
5 RK SPsacc FLAI AT got FER Rk, U EE T
GGT B Z2 K H#E BL11/pPyioassvse-SPsacc-GGT
Btf5, XFEEAEE BL11/pPyksasrbse-SPsacc-GGT AT
PEMR TSR0, A0 % T 48 h BTG 1 3Rk
ok, e 1R, S5XFE /K BL11/pHY300
FHEE, PR BL11/pPyizarbse-SPsacc-GGT [ HfL4h
W RN RS54 510 20 kDa (/)
VKLY 43 kDa (KAL), GGT G~ 3.67 U/mL.
DL ESE R KW, GGT 1EHb A ZF M AT Hh s h 43
WL, (BILEFE AR, TESF— LT

22 GGT MEHRIREXEREFMY
B4
2.2.1 GGT REFHE 5Tk

AR, 3D M2 A B A A T 2 0 2%
(convolutional neural network, CNN) #X
MitCompute # & >k , I 4R SL REGE IR 1
el R 1 e Rl o S R A N0 N NS
BLEd, LN HIT 2 R o) 11t R 52 T+ i A4k ek
&8 MatCompute T E. 7l GGT (PDB
BT 2V36)MRFIEEAL A, SR 2A
/N, GGT #H = 4ES5 0y K b ik a0 U8R E &
B, O RLALENZIEMRARERE, Z%
A7 B B TR I O FR E o 7EXF MutCompute
T &5 S A T AL BRAS 1 S 45 5 ) Wt_prob
(wild type probability) 45 R i 17 FHFHES, HEHL
Wt _prob {E/NF 0.1 B EIERR 55, Bl J5 X ik
1 W & FE R A2 A B9 Pred prob (prediction
probability) 1 [ FHES , BEHAE R KT 0.8 1Y
RO . WK 3 P, 53 9 Myt
RLAS BRI AL WS, 4351 V43T, T140G .
A202G.Q284K .K320R .P379A .D475P (A339C.
N440S.

A kDa
— 180
i — 140
100
3.51 75
3 30} 60
S 25 45
z
£ 2.0 35
g
2 1sf
o)
S 10} =
0.5
0.0 i .
30
BLAVPHY 10

SP
BLV/PE yonr >

1 E# BL11/pPyisa+rbss-SPsacc-GGT BIREESTHT  A: GGT BHIGIE (***: P<0.001); B: KB L

15 Wi SDS-PAGE 4347 .
Figure 1

Fermentation analysis of BL11/pPyza+bs6-SPsacc-GGT strain. A: GGT activity. ***: P<0.001. B:

SDS-PAGE analysis of fermentation supernatants. Lane 1: BL11/pHY300; Lane 2: BL11/pPyxza+bs6-SPsacc-GGT;

Lane M: Protein marker.
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BH, BRI GGT £iEHEHAIK pPyabse-
SPsacc-GGT MZEAN I, H#E# T Bk 9 A GGT
GEAR AR 0 I AR, I I & 1 S 06 A ) 5
R . HE 2B AT, HEPAER WT AL, =
AR GGTA*C MRS Bl B2 T, WA 3 T
13.06 U/mL, FHHFXFREIR S T 255%. HoAMhr
BRI AR Y R RRIE T TS KT, HLES 320,
475 PN A KRR R ARG, GGT MG 24k,
2.2.2 GGTA339C KT3I & X[
200 53 4T

H T I GGTAC AR IR ) B 1 — 4k 454

ARG, ABFSE ] CAVER 3.0 B4 53 8
A GGT IR GGTAC il 4%, 4%
HR | i SRR K, 255K 3 s,
BAREE 339 AR B i 4%, (HIH A
RAEN C i, HIRYEEREHIEMN 1.39 A
TRER 1.30 A, [FIBTRSEKEH 6.8 A 3|
13.6 A, bFRZERFEM, A339C A% GGT
P4 A XS I TF i, R I8 &5 ket B i s
B RGN A B IS ML S R i
BRI, A RELEHE - P PR, X AT RE R
AR GGTYC b IE 3R T 2R

B s
14

*
*

GGT activity (U/mL)

Result number: 339
Wild type amino acid: Ala

Wild type probability: 0.008 2
Predict amino acid: Cys
Prediction probability: 0.866 9
Log, fold change of predicted vs.

wild type: 6.722

%
%
_
%
%
.

C—whuo
N
AN

Strains

2 GGT HEARIEME A: T MutCompute i GGT =ZEL5H MK ; B: GGT A8 B 1k

PR R 3 A 0 A
Figure 2

Protein engineering modification of GGT. A: 3D structure prediction of GGT based on

MitCompute; B: Fermentation enzyme activity of GGT mutant strains. ***: P<0.001.

%= 3 ETF MiutCompute B9 GGT £ 1L &= 0 3R

Table 3 Prediction table of GGT evolutionary sites based on MiitCompute

Position Wild type amino acid Wild type probability Predict amino acid Prediction probability
202 Ala 0.000 05 Gly 0.999 92
440 Asn 0.000 01 Ser 0.995 31
379 Pro 0.000 66 Ala 0.993 29
284 Gln 0.047 41 Lys 0.945 99
320 Lys 0.032 38 Arg 0.920 62
140 The 0.003 08 Gly 0.902 64
475 Asp 0.002 50 Pro 0.896 47
339 Ala 0.008 21 Cys 0.849 87
43 Val 0.019 04 Thr 0.849 87

http://journals.im.ac.cn/cjben
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Tunnel parameter Curvature  Throughput Bottleneck radius Tunnel length
GGT 1.39 A 0.509 0.906 A 6.8 A
A339C 1.30 A 0.500 0.905 A 13.6 A
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Figure 3 Channel changes predicted for wild-type and A339C. A: Tunnel structure of GGT; B: Tunnel
structure of A339C; C: Tunnel parameters for curvature, flow rate, bottleneck radius, and length of GGT and

A339C.
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80 °CHY, M 58 Al 2k .
2.3 GGT S¥FRIEMWBEEMMKL
B EEA RIS Mg iEh kL E
SRR, HXFEASWMFRBLME R, A
TR R GGT 4352, L T £
Mo RR A E EHAT GGT MRk, 40l
K AT & UTRO 5#)5 8h 1195
F1#1F Dnal 384K Ak BL11-UTR9-DnaJ; PrsA
FEIRMEGEHE A 2 FE DR 2 R B (R I Ry B A7 o5
H9 PrsA #84 FIRE AL BL11::prsA; 40 TR
il A 2L A hreA §l26 TRk BL11AhreA K GGT
FRIR AR PPyisasrbs6-SPsacc-GGTA ¥ 43 Il B #4 Ak,
2 R 345 E SRS PR BL11-Dnal/pPyicacss-
SPsacc-GGTAC | BL11:prsA/pPykza+ibss-SPsacc-
GGT*¢ | BL11AhrcA/pPyizasbss-SPsacc-GGTAC,
W A TR B AR RE TR R A T R R
S, GGT B A K & Tk F 3 SDS-PAGE
RWME 5 i, FiZiemiaibsa A
GGT MWis$gs, Ho TR BLI11:prsA/
PPykza+rbs6-SPsacc-GGTA3C A TEIG fe ey, ik 5
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Figure 4 GGT enzymatic property detection. A: Enzyme activity detection at different pH levels; B:

Enzyme activity detection at different temperatures.
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Figure 5 Optimization of GGT expression host. A: Effect of chaperone enhancement expression on GGT
enzyme activity. *: P<0.05; **: P<0.01. B: SDS-PAGE analysis of fermentation supernatants of different
strains. Lane 1: BL11::prsA/A339C; Lane 2: BL11/A339C; Lane 3: BL11AhrcA/A339C; Lane 4:

BL11-DnaJ/A339C; Lane M: Protein marker.
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Figure 6 Fermentation process curves of

BL11::prsA/pPyisa+bs6-SPsacc-GGTAC in a 5 L
fermenter.
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Table 4 Research progress on molecular modification of GGT

Sources Host strains Revamp strategy Enzyme activities References
Bacillus licheniformis Bacillus subtilis Screening of promoter and signal peptide and ~ 53.7 U/mL [8]
DSM13 168 optimization expression plasmid
Bacillus pumilus ML413 B. subtilis 168  Directed evolution: GGTT%3S; Hpall-10 60.3 U/mL [10]
promoter region and RBS sequence engineering

B. licheniformis ER15 Escherichia Site-directed mutation: GGTRIK 162.1 U/mg [19]

coli BL21
B. subtilis E. coli Cavity topology engineering: GGTY418F/M97Q 42.8 U/mg [20]
B. licheniformis E. coli Site-directed mutagenesis: GGTN430D 62.6 U/mg [21]
B. licheniformis E. coli Alanine scanning mutagenesis: GGTS414 34.1 U/mg [22]
Bacillus B. subtilis 168  Screening of signal peptide and optimization 55.0 U/mg [23]
amyloliquefaciens BH072 induction conditions
B. licheniformis B. licheniformis Machine learning-guided enzyme engineering  180.14 U/mL This study

design: GGTA¥C; integrated lipoprotein PrsA

1B & STk = ¥

FRB: BT TR MRS
Wil BRI PR, R GG
BLESE . BUKIR: BOREFEL. SCRIRME. BRI
BOEE BRSYSC. SRAU: PRkt SR
WEHE S B G

1B A 25 ¢ RATE = WA

VR 75 W A AT AT m] BB 23 R M AR SCPI e ot
TAERE AT R 2 8 AR R
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