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Abstract

Abstract

Protein glutaminase (EC 3.5.1.44, PG) is a deamidase that has been widely concerned in
recent years. It can specifically remove the amide group of glutamine from the side chain of
protein, improving the solubility and functional properties of plant-based proteins. It has
potential applications in the food industry. However, PG is limited by its low enzymatic
properties, lack of studies on enzyme production level and functional properties. Therefore, it
is of great significance to improve the catalytic performance and heterologous expression
level of PG. In this study, the safe and efficient expression of PG in Bacillus subtilis 168 was
achieved through the semi-rational design of PG molecular modification and the construction
of D-Alanine defected expression system. In addition, the structure improvement of wheat
gluten (WG) by PG deamidation and its application in the construction of high internal phase
emulsions were evaluated to provide guidance for the functional improvement of plant-based
proteins. The main results are as follows:

(1) Molecular modification of PG based on semi-rational design strategy to improve the
catalytic activity. The software Discovery Studio was used to conduct molecular simulation
docking between PG and substrate, and 9 key amino acid sites potentially affecting the
binding of PG and substrate were selected to construct a saturated mutant library to screen
highly active PG mutants. The enzyme activity of the optimal PG mutant A291S reached 5.10
U mL™* at shaking flask level, which increased by 45.71% compared with initial PG. The Kcat
and catalytic efficiency (Kca/Km) were increased by 30.40% and 27.66% respectively. Further
molecular dynamics (MD) simulations of the initial PG and the mutant A291S showed that
the mutation introduced more hydrogen bonding, which may increase substrate flux to and
from the pocket and thus increase enzyme activity.

(2) The D-Alanine deficient Bacillus subtilis system was constructed to promote the safe
and stable expression of PG. In order to avoid the addition of antibiotics during fermentation,
a D-Alanine defective expression system was constructed in Bacillus subtilis 168 by using the
Cre/lox recombinant system to knock out the alanine racemase coding gene (dal). The study
on the expression stability of the strain showed that the D-Alanine deficient system exhibited
higher stability than the antibiotic system. The enzyme activity of mutant A291S was 5.25
U mL, which was similar to that of kanamycin resistant system before modification (5.10
UmL™?). In the expanded culture of 5-L fermenter, the activity of fermentation enzyme
reached 8.15 U mL™.

(3) The improvement of WG structural properties by PG and its application in the
construction of HIPE were evaluated. In this study, PG was used to deamide WG. The
deamidation degree (DD) increased and reached 70.50% after 48 h with the continuous
deamidation reaction. The solubility was improved with no significant change in molecular
weight. WG with different DD was selected as stabilizer to prepare HIPE. Compared with
WG, deamidation WG (DWG) results in stable HIPE. In addition, the HIPE stabilized by
DWG with moderate DD (28.70-40.50%) has denser network structure, higher modulus of
elasticity and relatively lower coefficient of oral friction.
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1.1.1 PG #Eit

EARA A BEZE (EC 3.5.1.44, protein glutaminase, PG) =& — ¥ H &
rive e 5 SO PR B B R I o R A R B DT B2 O ) A R I Y R R o B i
BER, FRBRE, Hafcid ER ettt PG ot I 11540 b il i &
AT (Chryseobacterium proteolyticum) 96707 ik /52 2, PG A i Bbi% 1F F ¥
JR A A B Ik e B e A 9 IR B, R BT g3 1 2 R R FL A A S s A A5 R B
fR T, NI S v i e D oA T REPE BT, LA AR I 250 (B 1-1). LSl e
J e %A F an Ik R BE GG (EC 3.5.1.2) BARMREMEEARME, HEAMERH KR
THIEE, AEHTIRAEAT: M BB oL R b Rk A A UKD, ERE A
FROIREMEFTAER . PG fER T-H— )Y, AUIREA A 1 B3 20 JOR 00 P 4 2 e ot e
Ji, AN B A S I R A B e B S B, R SR i B 2 51 RS AR A R K AR,
B E AR DIREE B B R . BRIk, PG Ak B B 1 LI e R B AR, 6 T
BAFANI 5 A XA K 8 77

) ? Protein-glutaminase ) ? 4
Protein GIn-C-NH, +H,0 =) | Protein GIn-C-OH+NH,

- —

e A co -

A/ >

Emulsifying and foaming property

Protein solubility
Hydrophobic region

Hydrophilic region Flavor-binding property

1-1 PG it Ik Jie A AL
Figure 1-1 Deamidation mechanism of PG

YR E AT REVE BTN FLAG . AR AR VE B A 5 A MR DTG, R
BRI P M . X T — 2 R AR, BT HE SR EMK, SARRiEE ik
W B 7 AR K BV AT ELAE T 5 B B i TR, R E Y ORIV R . X
WRRSPR B eI R . PG AEXS FBEAT It B i A2 Hox B B st AT 40 &
LRI B A s R Ak, B /KRR A ) 2 i 1 o FL U A1

FUAT A IR I 2 B s K SR B D e, S e e T LV IR &5 M B
SERIERETE, BN BEFT Wk AR A . T e R A AT DA SRR B R B O
IK-B K, BRI SE e LAY ERE . Rk, 1 PGB MR 51 S ) T HR B
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R JEE (VTGN T - K 5 T B2 R /K ST R E (AT J= o BeAh,  FERE AR R B
SRILFACN B RIR G, B AR 2 BRI S g n] DU 5 T TR s 70, AT Ok YR
3z 3 LA S it S 4 g s PP

1.1.2 PG W4T 451 KA L

PG LLELRTEARAZAE, SN 10.0, 2 FEA 19.9 kDa, B FMa kit & &
FRE . BER (pro-PG) HHRTK (114 ANEIERD ML (185 MNEIER) LFA
10121, PG 2 AR Rk T R IE R, HEFR N PG B WM, KA Y pro-PG #f
MpANE ARGYIEIE, A HefE C. proteolyticum Hrs 4k A V& 1 1 A A T 10,
fEE 0 PG 1 N Rui & FEER AT 20 756 17 V&R ER 1 Q gwtd, Jf H itk PG TR
FERR PR R Q A1 E HILEINLER L2 M AR, ZIMR U PG & KA #E4
R ok A 1 F 13,

5 1-2 PG I3tk =tk
Figure 1-2 Catalytic triad of PG

Hashizume 5858 1 PG W dnfk4ity, 15 3IHCAREE 1) PG 2= [F 454 (PDB 1%
58 3A56) M, B PG B — H'RHEME M, 3 2 A~ g Hrafpg/p
o B2iE. PG ML D48 i fL =Bk{K Cys-156. His-197 Al Asp-217 #l & (1-2).
tbi: PG 5 TG MELiE O, RILPE GO Cys-His-Asp 45—, TG
M 331 MNEIERA L, 2 TEN 37.9 kDa. TG W HEA B — Kk ng, iGtdokmt
BRI IEAL T IR L EGE AT b far R VA8 b, o, REEE A PR B T 2 40 i) 52 B e
BT IR TR K ISR T, 70 i T (R RO BRI 2 AR 4 & 4 s 251 (R, PG AN
TG fE4E LAl b )2 7 5 AR — & oD ¥, fESE A RMNY, TG
AMUEA PG MEEFRMBIRIEN, ERe7E FEOREI N . NI T PG 1) {#
L], Yamaguchi S5 K30 PG MIRGEAX A 11 AP IRk, st R AL BRI
%177 ALHAE B R IR DR e — AN OB AT )« HARY, AFllE PG HIJRMIZE & 1
880 IR B TR B IR 00 - 7 A TR e 00 %) BT AN & R A TR B IR . TR
— B B NG B v e e B A KR, A R R R AT it 2 My 7 e Ay ) 1 AR
o NI IS P2 S B, R g A s 7 g e 4 103 281 gl ok A Y LAk R R AR R I A 4
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9T PG HIRFRNE, I PG B 4 ST e ik A N A S A B /K BRI, X i i ] A2
M TR 5 SR Z T8 B KA ELAF

1.1.3 PG K TRIERRIERIE

ity 1) R0 3R FIORG B2 7 K 22 A% Gt Tl AR R Gk LA o SR, R AR A7 AE 1Y) Bl 36
i = 7 M S B0 75 BUAREAE, DR 0T L AT 2 1 SO A B A A U N B, [
oy F s RS AR B TE R B R R AR e ¥ — 5T, B AR
IHREEEENFETEERA —ENE B, B oeE R SRAA RA
ZUtM. U7, BERERYEBOH D AE R B B I m R A K . FHIR DI RE X DL A AL
MLHISE, AT IR 7 AT RS HER 15 T B T X PG I8 1 I iy g 45 4 DL S &5
R A T g 2 18] (1) 5% R R Z IR N FRIR, SR FH 2 B B v ) SR 6 FL AT 73 1 B0 i i
BB W, o 8% R TSN BP0 A 5 R 45 & 1 oo s B IR vk A, i B iR
15T 7 91 PR RE 38 A pe ) A R A R RATAAR S, AT 07 2 SR A9 1 T s O By, X —
B2 % H i 200 43 i SR

HOEARGE T X PG #7355 I 45 P8 (1 71 i 2. Nan S5@ i A5 i e PR 5%
PR EEERPEAE . Hd 2R R N16M/Q21H/T113E ) LU BE PEAI L W B i m, 59
AR, HOIETERE T 4.28 1% (117.18 UmgD), (#EWRE T 1.23 1% (472 min) |
RS NIEREL G AR S N RLIE — . B E M RE K
N16M/Q21H/T113E FEF AL AN K 7 B /AT Bt ER 5, 5548 PG it
BERGAR LG, VAR S T 55.74%, H B A /NIPRAR A EE 47 (R LA M A R I

BT B4 R 1E B S EAT R RIAM PG P &A%, FFRATRKIEA T PG 1R
RIERGRBRELEN . BIIE, PG ERMITHE . MEZFAME., HAKFAFE. &
IR 1 L AR R KRB CEHEAT T RIE A LA A (R 1-1). Stk PR
B TREHOR O T80 PG B RIREIE, HlnE B i/ wb@ A s 5 Ik .

KIGHBEE N R EAREAREKE RS, BAEAEKEE. BRAKFEE & ST
i, ARTEARPAE. Lu SR T —FHTRIEAE =S PG KA &
KRG, A1 ESXUT R R G A = E AL pro-PG LARIML R IE M RIS P R . %
ARG r=4 29 Umgt If] PG ZilfiE 1. N T dt— D50 PG MBS HLE], @it YA
X PG GRS, ALK ET IR B AR 2 TR AN [ D) EAL s FIAE N 7 51 K AT B
TERIEYE PG MERATE £, AR AR R, BRIt IFAE & g = ik s
F o FEIRTEREAIR AR R IE R G T HE O A~ 2 2 & % k7. Guo
SEIL T pro-PG fEHE ARIERE GS115 Hif Rk, pro-PG EREMI/K-F4 1% BT 120
h DL g ss BN Tigfk)s, PG REFIE A E] 0.878 U mLM=l, Niu Z4F 78 7 K IE T Hb
KA RO 2 RS 5K GImU fEHA ZF AT H CBBD302 H14-F PG 41 ilb I
., HAE 25-L REFREIERI s PG iGN 6.8 U mL4, Kikuchi 4538 i XUR 2 IR
MArlG (Tat) BIER A E ATCC13869 T MIEiL T pro-PG, B /& #ksME &
FIH SAM-P45 335, 7788 183 mgLt. EIEXHE Sk GImU fE SRS PG i

PEM 0.16 UmL? 253 0.23 UmL, Kikuchi 284840 T 45 2 Ik TorA, JEiT
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TatABC £ik RGBS T FRVEFT £k pro-PG, % pro-PG {77 &k 1237 mg L1,
LS 144 26 U mg 281, SR, A T¥0E PG (5 Al SAM-P45 HLAg JE4y =t H A
AR AL BRI T PG BB Tl A A7 . FEILA It i, PG RE AR
18 XL ARG AT LB ERIE, (BPYRTCIESEIL PG i e, IXHIZ T PG K
MRAE RN . AR, BSR40 Eh PG R fiE Mt o FE 4t 1wt 7t ek A7
o
R 1-1 PG M IHRIAH I
Table 1-1 Study on heterologous expression of PG

RiEEE 59k FixwA 5361 ZHE R
KT NR pro-PG 29 U g™ (21]
Ee R RE GS115 NR pro-PG 0878 UmL?Y [
R = TR —e
ARMETE GImU pro-PG 0.23UmLt @
ATCC13869
BEREITE TorA pro-PG 26 U mg? [26]
ATCC13869
j: e e
URSFHATE GImU-K pro-PG 6.8 U mL* [24]
CBBD302

Vs NR R A RE

1.2 PGHI N W ST 1t R

PG R4 £ il 22 2 v 1) 5t I g 1) 700 e, AE R SR VT T U R A
TN EEES (RS, Pis ARG E BN AP IR,
gtk & A IR B E DT, IR H, ETHEMEANRed THETIMEAR
WEEAM T AR@EE, R RRMEK. A, KRZEEWEARMZE, Bk
ik, FURE, A 80 EKEEERA ML & ERS. JFHSaMERAMIL, eNEs
N, EHSZRE . pH EAE T5R A SMR R R A, DhRE R =R, AR
AN ARE LA it B 2 A — o v 2 HL e B R B i R 1 B MR i, (B SRS 1 2 1 B 7K A AT
LSS PR T R E A B S P. PG AR R ERR LS, AR TR A g
Ma AN, A2 FEEAKME, RAFHEYEA NI RIaeseE, W erEm kil
WaE. Bk, PG SN B M E BN LI R HERE M ES RE /1L
Ho

1.2.1 PG XHEYEE QA EFEERN s

WRYE ) B A& S RIE DI RER S v 4, 2 S 2 (1 5 FLAL RN R M s
PEUL R 76 £ b Tl 3 B () e s R =B, AR, e TR SR Aok, K&
(A A P S R BR R N S B vk @ i K A B A S EA RS TRE, 8
WIRPERRAR, XA KHBRS] T & SR B E M EE RN PG X [ I Bk
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VEFH 7= A2 R 2 vl LSO B R ) AT, PRI S r s, 3980 8 1 i /K 356 [ 11 22 3 DA
VAR

FHATCALE, HRANRCEFH PG X2 MY E A AT T BB IEH LY PG
SRR IE . PG WM CRGAME TR D BT I i 1) 7% Ak e ot 1 e b
() 358 o o 4 v 22 310 ST oA Tt ot M R 0 Pk e B 7 G PR VS A A S 7S R RT3 B 2% A 4 pH
AR A EIUSYE . 5 WG AHEL, DWG 78 P24 RIS Dy it I e il () 1R e, 3
AR E R, EAERMELMET (pH 3) BUEERRE W 1V iR B R L R R sy
321, Yong W4T 1 PG AbFEX i FEARVE o- TR IR R (M E RS2, RS (1) o-
TR E EALE pH 5 F0 pH 7 254 T B0V R FE 235 9 hNiA 2 80%, Ti7E pH 3 %4 T /L
T AAE, Ak, 1% DD (15%H1 42%) IS ALE 50T I HIVaf R s T
21T I IEMREE . SR1T, XFT 7 DD {E (59%) #&HH [, 50T mib AN
fR g3, Rk, PG LRI AE FH AT BEAS 75 B30 Ik 3 i Sk R s A A B 1 VA R
25 LATA, TEIR A i AR R WS R PG IR fl ot 175 A P PRI AR S

1.2.2 PG XEYEE B AR IR R 1 BcE

FUACHE RN R I 2 B S R S BE DD R R 1, T A FLVRAE R 45 0 1 & i an 4
VI RN ROV R e e R T L /T N = e =g = D B N 7 N o T o
— PR AU P ERE . Rl PGBENZ 5 2 B 2 =i G 1 2R B I etk
Bi, A BT AR -/K SR B - K SR R € R Z . beAh, PGTER 45 = B ik
AN ARG, A5 AT B30 AT DU RS T HE R 7, AT ek 2 VR 1)
i23)), JFHIRHETE a7 rfe e e,

T8 SR a@B N E B e IR, IR I 5B IE (DD) ZVIFHK.
JiangFE It 7t & I DDA 2 ey (1) #e22 2 E AR E I FLIBUAH I T AR B RZ  #e2 B E, TR A
G H W 28 G5 A I S AR E . K PGILIEIL J5 #2555 (DDN15%) fE A FLALH
il & K FLBRAEMAFE — RIG LI 7ML R, 1 A A 8= DD (DDJY59%) AL AE 1
FHFRKILIOR GRS VIR R I E WL, thol, SPGALIERI/INEE A o- TKEEAE E M
FLEE ATE PR T AL M RE 315 31 B 35 i B2,

AR -/K G ) E B TR IR AR S, R B AR ST ZE W BHRYE T E B AE,
SR AR E Mt . B B IR S A -/K SR T BT IO B A AR FE RS2 . Suppavorasatit S
T FL T PG BBk e 0T K 543 85 B R PR BE 2 e, & SR BHAE I i s e B A B 4 1)
RILEE ST, 1HRIFEE M FRERA, Kunarayakul 25 /& 30 Bk iz i 18] 58 K () = DDAR AR 1 2K
5o A 1 LAV PEFR BRI I FLAk s M Fe 2 BY . RIBRE D1 RI LA BE DT 1 $E
A T W i S B R R B B R, (3 S i DDAE PT R 3 B0 i FLe
FEsghn, s FE -G R, A NE BB A A AR RS, G R e T
B

3T 2 1 I B I A FH T LA SR AR A R 1 A AR MR S, A BT ER B AR Y
T b, AT R LR R AR e 1 . PG A 38 B (1 38 2418 i 2L ol W 4
Fupb R g B, ik, ST AL RE ) BRI RE T 5 AR E T 2 TR TR e AT
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5, LR U PG LAY £ (AT Pt 1) B % -
13 HEFRTERERAH TR

1.3.1 PG R EZF A A IRRE

it L 24 PR AT TR A IR ) P A 7 R i R TR R RO IS A N D s, DRI e T
WA A B MBMEY (GRAS) BT, I H A H 2R f A 5 3Rk & 42 R HL e % 7 ik
AAYEREEREE A, O —MAERTEMRIE RS . HIEMEFRFEFOET K
TIVMERRERGH TAEBACPE I RIRE R, e ighs 9, wEmhd, Eabg
LATAR 7 B 2. PRI PG 7E Al B 28 FAT 1 R (9 3R08 A R T 3L 5 S & b Tk B R
H.

Wang 542 HoR RO PG fE R BE HR RIS, KILRIAY) EE 2K, 25K
FAEAG B ZF AUAT 5 DB403 i RIE IR H A VE 1 PG, Wang 25 GImU. YbxG
AYhdH =FE SRk 7 H T Tat /- ib@ e E AR L8 A&, #57 GImU 1 PG 7E4
SR FT B WB600 i ik (s mnii PE A 0.12 U mL ), Niu Z50T 5% 1 S5 T34 2 iy
FF B BIXURS ZABRAE 5 I GlmU XT PG ZEAH R 27 FIAT 1 WB600 H 73 WA i 2 i L K A5 5 ik
GImU 7EHA ZF AT B CBBD302 F1 415 PG 23 ITE R, JHAE 25-L K e b ik 2 i B
B PG TN 6.8 UmL P, FEAE B AT HIT . Yin SRS TREITR T
ETHEFAMER &N PG EILARSR, BEXHIF. E5RMEFRENRMN, PG
TEPEILR] 7.07 U mLML, PG 7ERS B2 FOA B H (0 R IR R A LR 1-2,

% 1-2 PG 1E A B 57 AU B ) Y 3R A

Table 1-2 Heterologous expression of PG in Bacillus subtilis

FiktE E fE5 Kk FiL A [[58n Z 3R
Fili 2. 25 /UM B DB403 NprB mPG NR 43]
R B ZEFF B WB600  GImU pro-PG 0.12U mL™* (44]
R R 25 AT B 168 SamyQ pro-PG 0.76 U mL! [46]
FHE ZEAIAT B WB600  Yded pro-PG 7.07UmL? [43]

TE: NRFREARE

JE PG LA Al B AT I R R T RIE AL, (ERRDAIRIER K EAA
SFAUAT R BN TR ioin 1, e — > B R DA 12 AR 4 A A K 2 AR
PUER, UILSCHIPGHI B dh PRI R R EE,

L2 MEFRFEFHRBERERR

FER b DMe A B B A0 TR AE ) KL ) e e U v B . Bk BN T
RV A EER R AR R, SR R E & s, BENT#N %2
ZAM. RERAMEA REFERU. i T HE R, E2e)maE2iksE
FHESR, PlinfE R s P ANRES A B E R R AR JUERUAPUERTIEE A
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8], &R RGERE A AR ROZRIE T & e e, FEEAROZE PR
PriEARIClS SO0, KRR R IE RGSGE R 0 TAEN B AR REREER, HHiERR
REA% F T8 2 B Tl R (=it 52,

D-TH PR R e 8 28 4 A6 Ak B 2F AT 1 Hh (R B e 2 e A A R IE IR EE E . A
RIRW el (dal) 25 D-WERM L-HERIFEL5, #8381 D-HERN
YLt AR TR A KL T E IR HH D-WRIRA R K R IR 7 2 1
LR B, R dal 1 9k R R AT R ) B R SOk BRI B — s g ), i R
K Ef) dal BRI 20k BAME T ORIEEAT G, R RIEHIMEE. #a0, Chen LA
dal TERIESARIC, T AERE S ZE AT 3 A A2 D-Fil v B B% 3- 2% 7] 5 #4) i (RDPE) »
BT D-WRERER R ™8, JEE RS REERREERE. ZERARSAF
RDPE [JRIEKFSEEMMIET FIERMN RGP IREACER 4B, F4k, X
BriFRE RGAEA T B IR E R TR A2 E .

ETHR-PEER (TA) RGN I E O R IAER 5 AT 3§ o W 0E &A%
1. EMEZFAM B, EndoA-EndoB 2 —MEE & -PiEEZx (Toxin-antitoxin, TA) R
45, HH EndoA &2 —Fh mRNA FH4, et x] /745 UACAU I3 —FNEE 47 2 A 31T
B rED)#E]. 45K EndoA EW 5Hi#H R EndoB LN BIKE SRR #E ¥ 2k. Sen
N T RGP AE FR A A DL S ORE B2 B B INAS S IR, 8 R A I SR AT B
N Li#ZE MR EndoA-EndoB RAMERIE, W THET TA WEMERIE RSP, £45
PR RIE RGML, ZRIERG TR I E L, FHH T RIS 6%
TG HE AR I B R I 2 0 B DA AR P A B R IR AR I HE B s e = Bl A, Pl
F) DNA J BEARIE T2 R MRS S 2F AT i, X 2R IE RGeS L2 T ]
I o

1.3.3Crel/lox EREHRS

ke 1-3 fizs, Cre BRI LR loxP 7 s JFEATRE R R B A, AIfXS loxP £i7
s DNA J7 BO= A VIR . BI62. DNA 8] 152 e sl gt 5 /BT, Cre H 41K
ks Ve ALK RERIE 70%, JF BANT ZAF B AR RS BN 7. 534k, HARHRY)
B ARSI E) DNA. Creflox i€ mEH RGO 12 TR e SR bR . AR R )
Ba. ERTIRE ST, ERKMRU R EOA TRET . FH, ZEAEARS
£ DNA EH A /TR, FEARI YN EE 5F 3 v 20 FLah P o 2y S il 1 s 2 4

( ,{,’ loxP Gene loxP ,’,’ \
4+ Cre
loxP
ﬁ/——loxP HH + r j
\ Gene )

K] 1-3 Cre/lox 5& £ #4053
Figure 1-3 Cre/lox fixed-point recombination principle
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NN T e VA7

EAR AR RIE RGN S BT A PUERPUESEAC It IR
H Crellox 5€ m AL R ST rPR DA R DUIE R ITH BR LKL PG BT R % 3RIE

LA LUK BIRBXUREEHAAS

LA MTRAE SR ABX

TN EE FAER PG HEAL I BEAL (R AR T, 8 11 o (B 1 2 I ik P e P S e
AR ONFRAE, IR R R HE AR AR SRR, AT e R R R R AN LA
PESE, JFH PG X8 [ HYRrR MBI AN 2 S 2 B, AT 38 S 8 1 D e TR R ) 3
&K, wEEYEAETS TN . Ei, PG fEf & Tk BHA T i B R Al
S, e BUEL A0 R R 5

HAl, PG fAE AW RIFMERIAIC. Rt Z L AR ZiE T/ dh RIS R G55
. AELMERFFE, FESCEM PG B A RMKMITHIL. PG HHEAHRIELL AN RILTT
PREITRAL, SRS PG IR E 1 731 i S UL K B i 2R3 N ) R GVt 7T
BRE T PG Mmsl. &Rk, Hik, X PG #4740 FilisE, B2 eRBERG, i
PG £ Tl R AW IGUER, AR THARR RGN .

142 FEMRTAE

AHI TR B B SRS XS PG SR Cbz-GIn-Gly #E4T 3 -1+ U4 B 7)1
BN 42, R RARR S R (R ik B iy PG AL IS . R, FERGEZF /AR 168
FRE D-WERRSRIE R RIERGE, EABMPTERKNEIL T LI PG % afaEk
ke e, UNEERECAERE A, 1P PG 1M A B X 2 1 4l AP o 1 i 2
FERAAHFLIB PN . BT AN T

1 R AR TR SRS A2 RV TE R IR PG 5 IRES & 1 B FE MR AT o5, HEAT 1]
TS T NNK R AT R AR S o AR5, R4S B A RARAR i A AR L
SFAOFFER 168 FHHEHTRIE, WIME PG IHERIAGE H il 1k PG RAE. HLB I H 4]
A PG AR 15 21 (1) fie e SRAR AR V) Bl A VE SR 731230 7 2 AL A5 AL

2. N 7AE PG B2z A i N T & i Tk, M@ AR PG ) D-IN & iR sk B3R 08
RG, MZAEKBEPATIER. B, ENZRGENRELRS FEERTIE RS
177 IR It e, GBI 5-L R FERER)YT KRG FRIIE PG 1% & R RkiE .

3. AWIIL PG MBI AE X WG RIZE M TR 250 5 FLIH 3% 71, AT PG X
WG #EAT B E L, RAEAR DWG HIHAL. WM. 7> T8RN, JEoth AR
DWG fill# ) HIPE RIS S5« AR ZEAT N BB AR, b DD S5 3L 4544 2
REZ AR SR A&



5 MRS A

BB MRS

2.1 SRR
211 R, BRLAIRIE S RE

¥ KA E. coli IM109 1E A AT BRI TL R, KRl 5L 2EFFF B 168 FIAS B 25
Fri-dal /68 PG FikfE 3, ik pPA3NMK-Pseca-pPG-Yded 1 g ¢ 14 i bir (1) A
W, HATAFReEMEkREE, bl T-CMR(lox)fEN D-P & RSk I L 15 5 A4 2 A A
Y e o ORE AR AR o DAL B R 5 ORE IS g SR 36 3 48— sl . AR A TR (R
FREA A BR 2 = il 424 PCR 97 3% K2 B ¥ PCR HI514) Kl 7 SR 45 S o B b 5 R () L
A TR VR LR 2-1.

R 2-1 AHRFCHTE 0 RS bk

Table 2-1 Plasmids and strains used in this study

5 oL R A H:A FUs
T-CMR(lox) CmR, lox66, lox71 S % PR
PP43NMK-Pseca-pPG-Ydel Pseca, Yded, pro-PG, 6His S LR
PDG148-Cre Cre S LR
T-CMR(lox)-168-dalUD CmR, lox66, lox71, dalU, dalD AT g
pP43NMK-dal-bla dal, bla AT g
PP43NMK-dal-Pseca-pPG-Yded  dal, Pseca, Ydeld, pro-PG, 6His AT g
153-NNK Psecas Yded, pro-PG, 6His, V153NNK AT g
154-NNK Psecas Ydel, pro-PG, 6His, D154NNK AT A g
157-NNK Psecas Yded, pro-PG, 6His, Y157NNK AT A g
193-NNK Psecas Yded, pro-PG, 6His, A193NNK AT A g
195-NNK Psecas Ydel, pro-PG, 6His, S195NNK AT A g
196-NNK Psecas Yded, pro-PG, 6His, Y196NNK AT 3
290-NNK Psecas Ydel, pro-PG, 6His, P290NNK AT 3
291-NNK Psecas Ydel, pro-PG, 6His, A291INNK AT 3
292-NNK Psecas Ydel, pro-PG, 6His, P292NNK AT 3
[z
B. subtilis-PG Fili B FRFTIR 168 48577 kL pP43NMK-Pseca- AR 7
pPG-YdeJ
B. subtilis-CMR(lox) R EZEF AT B 168 45717 7 T-CMR(lox)-168- AT 3
daluD
B. subtilis-dal-cre 2k dal Ji DR R ARl B 2 AR A B 168 4857 Joa kr AT 3
PDG148-Cre
B. subtilis-dal R dal B R ARG B 2R A B 168 Ny AL S




TR KA A AR S

# 2-1 AT ER M BORL S bk (238
Table 2-1 Plasmids and strains used in this study (continued)

5 bor R A F A FU

B. subtilis-dal-bla Tl HE 2R AT B 168 45571 i A pP43NMK-dal-bla N 3 S

B. subtilis-dal-PG FhELZEHOATFTE 168 #571 FURL pPASNMK-dal-Pseca- A M %
pPG-Ydel

V153NNK Fili B 2F AT B8 168 455717 BTKL pPABNMK-Pseca-pPG- AU EE
Yded/V153NNK

D154NNK FHE ZE AT I 168 #5415 ki pP43NMK-Pseca-pPG- A L7
YdeJ/D154NNK

Y157NNK KB ZE AT I 168 #5417 i ki pP43NMK-Pseca-pPG- A L7
Yded/Y157NNK

A193NNK FHE ZE AT I 168 #5417 i ki pP43NMK-Pseca-pPG- A L7
YdeJ/A193NNK

S195NNK FHE ZEFAT B 168 #5717 i kL pP43NMK-Pseca-pPG- AT 7
YdeJ/S195NNK

Y196NNK FHE ZEFOAT B 168 #5415k pP43NMK-Pseca-pPG- A LR 2
Yded/Y196NNK

P290NNK Fli B5 2R F AT B 168 #5717 ik pPASNMK-Pseca-pPG- A SCHy
YdeJ/P290NNK

A29INNK Fli B 2R FAT B 168 #5717 ik pPASNMK-Pseca-pPG- A SCHy 7
YdeJ/A291INNK

P292NNK Fli B 2R FAT B 168 3517 ik pPASNMK-Pseca-pPG- A SCHy
YdeJ/P292NNK

2.1.2 R E R

LB Fhri57Edt: 5 gLt RN, 10 gL &AM, 10 gL INaCl, AW HE [EA LB
BFRAENMA 15 gLt 3R, RIGH & v B BRI 2R B B R I I 29Kk 2SN 100
g Lt 55 5E E A B AT B RIS RN I 29K 50 g mLt, D-TN Z Rk
FIRIEREABIRIER.

TB kR 773 10 gLt Hil, 16.43 gLt KoHPO, 8H0, 2.32 gLt KH:PO4, 24

gLt EERRR, 12 gLt EA. D-WRAREHERERGEANNNRIER, FIERN
PERIE RGN INZAIKRE R 50 g mL ) -RAPEZ .

PBS ZZMVE L E : NaHPO4 12H20 LRiE I #REX 71.6 g Na:HPO4 412H,0 ¥ T
900 mL Z&M/KFEAFZE 1 L1EE], NaHPOs 2H,0 BEAEEFREL 31.2 g NaH-PO4 2H.0
7T 900 mL ZZ /K ERE 1 LAEF]. pH 7.0 19 0.02 mol L1 (¥) PBS ZZ i@ ks 62
mL NapHPO4 12H,0 BEETE S 38 mL NaH:POs 2H20 BFf, FAIA 900 mL 71 /K15
F|. pH 6.5 1) 0.176 mol L™ 1) PBS ZZifiuid i 31.5 mLNaxHPO4 12H,0 RERIR &
68.5 mL NaH2PO4 2H.0 EEE, FFMIA 900 mL z& 187K 4521,

SR (0.4 molLY): 6536 g =5 LEE, MNZEMI/KESZE 100 mL.
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5 MRS A

BORF) A: 7.5 mg WAHIEERE LS, 2.023 g Ky, MAEBKERZE 50 mL,

SERAF B: 259 KOH, nz&mM/KERZE 50 mL.

BR7 C: 417 Pl NaClO AW, 10.2 g o/K KoCOs, HNZ&I/KEAZE 50 mL,
T 4°CH i, IRCILA .

JEEY) Chz-GIn-Gly % 0.176 mol L*PBS ZZ (pH 6.5) A 0.337 g Cbz-
GIn-Gly ¥3 K, Inz&M7/KE % 2 100 mL.

Pk : 0.5 mmol Lt NaCl , 0.02 mol L PBS.

YEMV: 0.5 mol L1 kM, 0.5 mmol L2 NaCl, 0.02 mol L PBS.

2.1.3 LR AT A E Z

2 x Phanta Max Master Mix =i{&H PCR ¥ AT/ 5ot il e LE MR B TR A
Al BB AN F . A DNA BRI SRR & DK T8 E B 1) Jo 48
FEBE T A TAM TR (R BmAMRAR: Tag PCR ¥ ¥ B T-HiN = S8 EL
Fonw]s EARMH SRR P A T PIR I RME R (Rl RO AERA
Al INEEA (74.7wt%) 14 H 3% [E Bob’s Red Mill Natural Food; At fT F A 243871 1
Ty b I 2 5 AL AR BR A R, B T

FIATO 2742k #71 I E24% OCAL5EC
TR AL R RS A

IKA =3 5 #AY

& s B 0L

TCS SP8 It Ao 4 B B
RIEGE (5-L)

2.1.4 SEIOFTHI EEAUSR
AT T A A VR LR 2-2.
* 2-2 AW A

Table 2-2 Instruments used in this study
PCR 1% 78 ¥ Eppendorf 2 ]
i TAES TRPFAL B A PR A ]
Zeta HLA7MEAX 2 [E Malvern 2 ]
RIS AR A 2% [ Bio-Rad /A ]
RUREL TR TR Z VR A IR A 7]
AT Wy e T 1 Eppendorf /A ]
I TR s BB i A A = [E Waters 2 ]
BEEARAY B R R IR e B BE R IR A A
EANGHE I PESS KM S RA AR B A PR A ]
PROFEAZ BRI AU B Z A EYI R TR A

Jb 5t AR AR A R A ]
FEE R B

f#[F Staufen 2]

1% ¥ Eppendorf 2 ]

HE KR EMARGAF

g b R AEY) TREAT BRA F

11



TR KA A AR S

% 2-2 AW T T FAER (2 3R)
Table 2-2 Instruments used in this study (continued)
RIGE (5-L) g R AEY) TR TR A
WOGAT SRR A MAZ3000 JE[E Malvern /A 7]
LRI FLIKAX N AR
Jigf% i A2 {X MCR302 B4 F) Anton Paar /2
M2T2 BEHEAX J&[E PCS X A5 F
2.2 FHEYFEERITIE
2.2.1 RiEB A7

PCR H 4 fy B I B AL TAEY) TR (R TRt B ) 1) B L T 4% ve P 14
LRI B R mUHMERE (Vazyme) ZEWIRHAT IR 2 7] 1K) — 20 T [ g kAT B4R H2 M o ki
e, KHEVE PCR AZET AV TR (i) WA R SIS AL Ag 3 R 7 25 R AT
FP A A

2.2.2 ME R EL B TR

PR B 2 FOAT B A B T4 B T 37°C. 220 rpm 254 T 7E LB 3353k hgh 47 1 i & 4k
B %, 1R 10% MM R R LB 5598 H & ODsoo 1A% 1.0 24BN 2-3%[HIA
%S 2-3 h G RRZ540M . 7F 500 Pl FIESZ S 4H F InNIR A 500 ng 4L (R
FIPER 2-3 ho B HEEARE T 0 AFEE LG, KBRIATUEEREEFRAESEA
[ AR iC A PR, 3% R A rh A K B A 0 2 3 B S T ) T8 V% 5 AT IRAIE .
223 FBHANITE

W RS 0 5 TR B3OS I (0.22 pm) s TR T 20% 1) 2 BE B A7
N S T 2 o e o el e 1 AN 9 = s s R R R0 LA ]
ZE0N 15 mL. R L3 50 mL. SPASZERR 15 mL, 5%3EME MR 10 mL. 1093t/
ZZM 10 mL JRUCEE A RIS MR 15 mL. “PEFZEM 15 mL.
WA IK LA 20% 2T Lk o 5505 20% £ B B AR LE UL RAAE

2.3 T ERFA IR

2.3.1 D-NERGIERIIE R

Fili B 2E A AT B 168 7 TR 20 BR Y e ifF 5k K dal (GenBank no. CAB12271.1) [k 2 ff
FH 40 /1 i I8 1 Cre/lox S A i R 40 iE 47 9B, &5 S R A 51 99 %F T-f/T-r 1 CMR(lox)-
fICMR(lox)-r )\ 5K 2k A T-CMR(lox) 71 43 51 97 385 H %% 44 B 22 Fil lox71-CMR-10x66 1 B »
43 590 F 51 W%t dalU-fidal U-r 1 dalD-f/dal D-r 37 18 H1 dal 3 (R0 322 fr 7% 4 5] 95 X dalU Al
dalD(#%-£71000 bp). #VU/NDNAK B 4ifh )G, EHRMNIE— 5 v EREE37T°CE&/F T
BEAT30 minFE R, B b BRE K SR1F E B W I N KT 18 2 S ok se . B
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5 MRS A

W JE IR B IE S BB BRI T & R E B R . AER U LD- AR B ER A3
B VAT HVEPCR,  FRFBH I B 75 3E AT DNAN 5, 75 31 TE R 00 7 B0k, 0 )5 1F
19 J53 KL% A6 N\ B. subtilis 168, 8 ik 5t /if 1) 5w B7UE AT [F) 5 25 4 XAS #e . AR A (B.
subtilis 168-CMR) [ iifiide 5 A loxfir & (1) & %5 F& ik A i i D) Bk LA K dal i 2k i o b A=
F AR (B. subtilis 168-dal) ()i . )5, EIEPCRY MEH AR —PiEsL 1 B. subtilis
168-dal Jik K 25 H 1) [ 5 2 4 XS e Ao A R i e b B D0 B, 13 31 1 Dy A B B A
dalBE AP AE R B MEFE RS AS TSI 5 B Ik 2-15178

® 2-1 AL RGN
Table 2-1 List of primers in this step

514 E 751

T-f AAAGCCAAATCAGCGTCGTCGAACGGCAGGCG

T-r ACGCTCGGTACACGTTATCTCTGGAAGATCCGCGCG

CMR(lox)-f TGGACATATGACGGCTTCGAGCTCGGTACCCGGG

CMR(lox)-r TACGACTCTTTTATCCAAGCTTGCATGCCTGCAGG

dalU-f GATCTTCCAGAGATAACGTGTACCGAGCGTACCG

dalU-r GGTACCGAGCTCGAAGCCGTCATATGTCCATGATAATGATGC
dalD-f AGGCATGGCAAGCTTGGATAAAAGAGTATCCGTAAGTTTGGTGG
dalD-r CCTGCCGTTCGACGACGCTGATTTGGCTTTCAGCAG

2.3.2 D-WERBREE RERIE R KR

DA BT S 56 2 AR5 11 53R PpA3NMK-Pseca-pPG-Yded iR, ¥ B. subtilis 168 J X
H TN IR W EREEE DR dal WS BEAR SRzt ok A D-TH 2 BR i Fi Y R 4 1) 3Rk o
¥i. MRH4E dal IZIEFERFA, it 51905 dal-PG-F/dal-PG-R, LA B. subtilis 168 Jyikik
P18 dal AEt. PUBRL PpA3NMK-Pseca-pPG-Yded itk fdF5|4¥0%f P43-PG-F/P43-
PG-R, ¥ Hi&aA B4 Pp43NMK-Pseca-pPG-Yded. FHIX A Bealifb )=, £ 50°C
AT AT o4 v PR AT 1 h B R N . i 2R SRAS I T W AN K AT
IM109, 753E|EH Tk Ppd3NMK-dal-Pseca-pPG-Yded. AP ERFTH 51951t ingk 2-2
FrRe

* 2-2 AL BB AR
Table 2-2 List of primers in this step

514 e LSl
dal-PG-F TGAAGATTAGATGCTGTAGATTACCTTCTCTCTTCTAAAGATCTTTCTAAAGAGG
dal-PG-R ATTAGAGGTCATCGTCATCCAGTGATAATGATACCATTATTCACTCTTCAAG
P43-PG-F CATTATCACTGGATGACGATGACCTCTAATAATTGTTAATCATGTTGGT
P43-PG-R GAGAAGGTAATCTACAGCATCTAATCTTCAACAAACTGGCCC
dal-bla-F TGAGCAACTGGATCCTGATGAAAGCTTGGCGTAATCATGGTCATA

dal-bla-R GCCAAGCTTTCATCAGGATCCAGTTGCTCAAAAAAATCTCGG

13



TR KA A AR S

2.3.3 AR AR AR FORL M2

A Discovery Studio 7> T XHETNRE] PG 5IRMIIE L AL, A
TSI = ORI TR PPA3NMK-Pseca-pPG-Y ded AR, 43 Sl TEAH A s BT 51 %t
BET PCR A, WEIETHEIFFIL T NNK Wi MR AR EE . AG IR ETFH 51 51
H ik 2-3 k.

* 2-3 KRB MHIR
Table 2-3 List of primers in this step

A 51
153-F GTGCATTACATTTAGATATCCGNNKGATGGCTGCTAT

153-R CGGATATCTAAATGTAATGCACGGGCTTGATG

154-F TACATTTAGATATCCGGTTNNKGGCTGCTATG

154-R AACCGGATATCTAAATGTAATGCACGGG

157-F CATTTAGATATCCGGTTGATGGCTGCNNKGCGAGAGCA

157-R GCAGCCATCAACCGGATATCTAAATGTAATGCACGGG

193-F CACAGGCACATGCTGCGTCNNKTGGAGCTATCATGTGGCAATTCTGGTTT
193-R GACGCAGCATGTGCCTGTGCTTGCTTTCA

195-F ACATGCTGCGTCGCATGGNNKTATCATGTG

195-R CCATGCGACGCAGCATGTGCCTGTGC

196-F AGGCACATGCTGCGTCGCATGGAGCNNKCATG

196-R GCTCCATGCGACGCAGCATGTGCCTGTG

290-F TGAGCGGCTGTAGCNNKAGCCCGGCACCGGATG

290-R TGTTTTAAATCGGAAGACTCGCCGACATCGGGCTCG

291-F AGCGGCTGTAGCCCGAGCCCGNNKCCGGATGTTTCATCATGCGGCTTTCATC
291-R CGGGCTCGGGCTACAGCCGCTCAGAA

292-F GCTGTAGCCCGAGCCCGGCANNKGATGTTTCATCATGCGGCTTTCATCATCAT
292-R TGCCGGGCTCGGGCTACAGCCGCTCAGAA

2.4 PPPGHERHI R B

2.4.1 BHAKF

PREC R V% B2 A0 3 3 mL 1Y LB 5578, 7E 37°CIIRFFRIEE A 220 rpm 443 T
EEE 37 8~10 h (fE N RN IR F B8 R IRE R U R AR 50 g MLt RIBER ).
B 1 mL RI2EE N 25 mL TB 55773411 250 mL #iiH, 7 37°CHI 220 rpm 44 F
K% 40 h.,

2.4.2 5-L KRBT

(1) HREUR, B 27 AT B B A TR B PR B 35 VB 25 mL LB £5 7= 250 mL #& )
WEN KRB IREEE R AN R R0 50 g ML -RAER), 1E 37°CHIR: R
FEFN 220 rpm F G FiEALEE TR 8~10 h 53 2R TR, PPl 2 5-L R
(2) s =AM 5-L RIFHERE W R 2.5 L. MrldEfiE 4%, @E =
5 Lmint, #EIEHIN 20%. s E Vi O 300-900 rpm,  [FEFE K% 4-16 h ]
(6] LA 20 mL ™t (97 S 1B A I e &5 B (100 g/300 mL), A s I3 N TB.
14



5 MRS A

(3) KB 48 h{x b KB, & 4 hBUFENE PG iETEF ODeooo
2.5 BASHT A
2.5.1 PG EEIEWI 2 ik

PG REMEHRr S M AL IR R (1 5k 2 AR BE I S R BERG, I BB B P A B &R
S W IR ERRBE AT, A2 O = W nT AR 8 0 T 5 28 s S AR A i
SRR IE . 7RI 630 nm N EEEY I E A RO, RHOE I R RN R T
ODeso 18 BN AT 7551 PG (AT /7. $418 Kang &5 (1) 7 2847 & bn e i 28 (1 2 5 PG i
T 0B e S vk e
2.5.2 BRI 2

BOGMEAE 6 MR (30°C-80°C) M4 Rl PG MIRIETEARL, SN F
)4 30 min; #xid& pH B ECE 9 NAF pH (3-11) KIEMIEH S PG M HHT, %
%2 30 min J5IE PG iETE; ¥ WT-PG Fl4r T HU&E 13 21 R ASA PG #8828 [F) (1) 25
FRE, o # A R E IR Y Cbz-GIn-Gly ¥ (0.5 mmol L™, 1 mmol L, 2
mmol L*, 4 mmol L%, 8 mmol L), 43 g 5 AN R FE 1) R [ B2 30 min Ji5
WT-PG ARk PG iE 1, PR A XUE R it 28 ARG A543 WT-PG RIS AR {4
PG MPKIRHEH (Kn)v BRNRIERE (Vimax) PALEEAEL (Kea) o

2.5.3 3Tl 1 AER]

TERTHISAG = M 22 1) PDB 4544 SC 244tk I, J83d Discovery Studio #f7E 300K
(1 T 2% 1 T ASADLAE AR g AN SR 4R 5 SR AE FH B33 5 i 22 (RMSD) . 5 5 HiR U 3l
(RMSF) LA B AL 5 R AR BAEH 71 B Discovery Studio 734 4H B4 H]
FIRNLAI MO 4 Jr =4 a5/ 1A

2.6 PG F B AL S50 ¥

2.6.1 BRI/ NEEREA (WG) HIH|&

# 0.1 UmL?! PG5 10 mg-mL* WG finA 0.02 mol L. PBS ZZi#ik (pH 7) 1, 1E
40 T KB HR I RE I PE AHEAT B R % S ., s in NaNs PAB IR B A= Ko 75 AN [ B 1]
Bt (0-48 h) #HATHURE.
2.6.2 iBLEEE (DD) KE

158 FH & A I 055 & (Sigma-Aldrich) I8 # fib H 2 209 i A1 R A Tt fide i 525 8 Tl 1)
ZIE. DD HE U B R N RN R B S WG i 4 S B A R A& T i vk ot e &
HIELAE . 5 WG T 2 mol L HCIHE W LL 110 T M 2 h JIlE WG 48 2 Bk i fi R &
P e FE R T R O, R AR A B ORRE T AT 0.1 mol L ZBRE T, AR TR
F .
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2.6.3 Zeta HAAI I &

BRI KRB IR E N 1 mg mL, [ Zeta AL/ AT G 58 Zeta HLAZ
2.6.4 VAR EW &

KR 10 mg 43 HLE 10mL 0.02 mol L8 PBS 20 (pH 7) . HgE kgt
FTHESIERE 12 h JG iR E, 1E 4 T F LA 3000 xg [R5 550 10 min LASCEE a] PERR 4
FE A Bradford J5ikill s ol R A& &P, MERMBMMENTTREASRE S REAY
= H .

2.6.5 - FEDAAIE

IR SCHRIRIE AR P77, ¥ 10 mg VR FAERINAE] 1 mL A 1.5% 1 kB
B4 (SDS) [ 0.05 mol L PBS ZZi (pH 7) w1, 7E 50°C K2 12 h. #5532k
YWAE 20°CF LA 10000>q HIHE#E B0 10 min. 2RJ5H L is i 5 P22l (0.1% SDS.
20% Z 5 A1 50mmol L BEEREN: pH 7) LL 1:1 I ELBR & IFdk T i (0.45 pm) Ab#E
BV, fea, A FHEBR B GRAR (i (SE-HPLC) 23 Mk T-RE i 40 T80 A

2.6.6 FAH 7K /1 E

MR SClRARIE, 8 2k I WG A1 DWG ) sh &SR0, o 10 mg 4T
FE 7 BE 10 mL 0.02 mol L PBS 2l (pH 7) Ho VRGN EBUR G, T4l
ks 10 uL R H 21 DR R RN TS, R A T R RS . DA
Fefub M I 20 T T FHI R 7RI K 25 250 W e B ) 1) A8 A SR fe o B A SR 5K 7

2.6.7 T A LI F ) &

T W SRR T RE S 20 BUAE 0.02 mol L PBS 2l (pH 7) . B8kl
SIS N B B LLFRAEHAR N 75% (Wiv) BIHAKIR S Y. IRESYH NG T-RES K
K 1% (Wh). R IKA T25 Sl s #s £ 20 T F LA 20000 x g 15 #5185 W)
I 2 min J5 305 Mo TR % B AN [R 1 FLIRRE i

2.6.8 T N A LR O 45 44 W 22

ReEZHE A LU 0.1% MR I TC/K S i HE v il A 26 H Tl A et i e 2 i
ATCIRHNA, #4 30 pL JURHABIIN 1 mL FLIRFE S R R i b T e te, SR TE
W B F bR et F L, M e 3R B i LORIERE W O EDE « RO R R
T ORI BB Dy 633 nm,  ILSEFLIRRE b O 25 48 TR EE I
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5 MRS A

2.6.9 T W AHILIBCR I 2

i MasterSizer 3000 AT SR EE A € FLIRAE S BORLEE 43 A AR FR P 1) B.42
(daz)o B FLYRFE b ¥ I AE 2596 25 B T/K B AE WA o, /KRR RN ZE 0K TR 1) 9T B 3 40 ol %
BN 1.33f11.52,
2.6.10 H WAL ZE AT A T 2

A5 FH e B i AR AN 5 25 FLVRRE i I AR i . e EAR N 50 mm [IRE AR, TR
MEEREN 1 mm. BSABRENRERREERENE L, 7N 7HEHA (0.1-
1000%, #iZ A 1 Hz) DARfE R 3 X (LVR) . #ZEHH (0.1-10 Hz, MAH
0.1%) HI T E A3 2 8. 18 5 5 25 FLIORE i i3k 47 = B Ui 28 0k 52 3056 DL 78 3L
WA AT A
2.6.11 =5 A AHZL IR BEEE 2214 R B .2

fER MTM2 EESEASC FLVBORE e AT BESE M N 5 o B J00He d Bk DAL 28 1) 1E 5 3 A
Tn 2% 2 R e et A )P HE R T b, L VR B AR BR 5 AR 2 TR] DA B P 3 R BE T
Stribeck £k 2@ i3 MR ZE 1-1000 mm s [ 3 3 L P 10 B 8 R Bk 345 g 61,
2.6.12 AR

FITAT SLIRE i AR e By B R EAT =K, 2 FLIFE A D et i) 2%, 3@ Origin
2018 A F AT HAE N T Z 0 A 2 Ve iy (P<0.05)
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NN T e VA7

E=FLHERGWL

3.1 ETHEMERIHIPCH T &

W HATX PG BIZS R FIHEALHLAI AT FEANE IR HLoh = il B e 753, Rl
TR T EOE G T PG ML RGBTk, A SN
THRAUE D SRR . AR 45 R B i EE 1 5 81 T RS 8 L s R R A
PR RABAR S, T =ilgng PG AR, 4, 73/ (MDY Y] LI 548
5 RS S G AT RGE M, XAT AN JESE PG BRI TR AL ISR 5.

3.1.1 PG AL EM S &AL S KT TR

FIFTHEAUBLRL A Discovery Studio X PG 545 & I B BE 1R A7 s 34T T
Mo B SAE A BN AT JEY) Chz-GIn-Gly 45 /3 T4, FExt Has My kAT
o HAh, EFERET M EFATEN PG AR & A Mk (PDB B3 5:
3A56) SECAAT SRR, ARV, PG Ml N4 ik =& Cys-156,
His-197 F1 Asp-217 #4l, i ik AR b = AARH @ ARF A PG (R 483047 4> 1
R HE, FEXTEE AT RMSD K2R 0T. Mkl PG HIMEL el &80 PG 5
JKWEGHERWE 3-1 () Fin. BEEES RIS 5A 6 P & R MR R I A7
V153, D154. Y157. A193. S195. Y196. P290. A291 Fl P292 {E NHWFFxf %, HHT
FET W% NNK M R R0, Wi 3-1 (b).

@ (b)

B 3-1 X% 45 2R DL S e 35 AR ) s FE IR S 1
Figure 3-1 Docking results and selecting amino acid sites for mutations

(a) PG 5ERMIFIXT #2455 (b) 8 A RLIE B R LR 14
3.1.2 YA SRAR AR ST B M S B TR YE B I I
LA KL Pp43NMK-PsecA-pPG-Yde) Jyfitic, #% V153, D154. Y157. A193.
S195. Y196. P290. A291 Al P292 i mifJE T %01 NNK & T B A1 5848 3¢
B, FRZSCERALE] B. subtilis 168 HEH T IE TR MK PR BEIGAE . 45 R B R T 5
N RAFRN) KBRS, (2 171 MEMR A, RfF 22 NRAARIRE 78 A8
(WT) 50%LL ) PG i, HARTFARHEIREE 1 /N0 Kt 2 5w a2k 13
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B R

(E 3-2). Hr, FERHT /) TSGR A, NG A291S (1 K T RS = T 146
PG, 510U mL?, #&& 1 45.71%, ik 3-2 Ch).

HARHRT KT PG /o FRlUEIRIEAZ, (HIEROTHIE T SRR PG
4 FogaE 0, geAs Kk N16M/Q21H/T113E I G et B AE M B E iR T 4.28 1%
(117.18 U mg™), HEGEVEIZ I & T A SCHT 3 20 S 58k, i R v fefE T A SR
FH 1 358 F AR RO 2 R i TE O ki AR G, AR 3805 i i i M 1 S B S S R AT
o DR FZ P G R I SRR TR AL AU SRS AT O B, WIRR A — D R PG Rk
NN

55+ 5.5+ 55
@ (b) ()
5.0+ 5.04 5.0
454 454 4.5
4.01 4.04 4.0
@
7 354 2 354 o 85
£ 304 E‘ 3.0 é 3.0
=]
~ 254 D 254 D 25
< Z
#H 20 204 20
W # #
154 ¥ 154 #r 15
1.0 1.04 1.0
0.5+ 0.5+ 0.5
0.0 0.04 0.0
N Q6D ¥ oS R oD K O D A & oD A N N2 TSR O K DS KO R s sl AAQULAT A AR AV AC AL AN DA AL AC R A LA
o Qo& «
(d) ss (e) ss (F) ss
5.0 5.0 5.0
45 45 45
40 ~ 40 ~ 40
Y 35 TE‘ 35 —E‘ 35
£ 30 30 5 30
=) 2 o
< 25 .ﬂ_i 25 # 25
#H oo 2.0 dx 2.0
5 0 Wz $
15 15 15
1.0 10 1.0
0.5 0.5 0.5
0.0 0.04 0.0
N D DR LN O RO DA SO0 N RS FF DA LN RAL DA SO O N S X & SONROAL MK OO
«o\\q(gw%ﬁp;&re@%&&%%ﬁpﬁv@&%‘r@k%n’vﬁv& ,\@\8 e@i@“&»"?&@’@“ﬁ@%ﬁé’ aﬁﬁ)ﬁs@;@%‘o@z@%&%@ < @ﬁe’j@@ﬁﬁNo};@3@3ei@“:eiei@&jNqﬁ@i@bf@j@l@j@"
(,e“\ =2 o"&
(g) 557 (h) ss4 (i) ss
5.0+ 5.0 W 5.01
454 454 4.54
4.04 4.04 4.04
~ ~ ~
g = ] o 4
<, 351 ¥, 35 7 35
£ 3.0 £ 304 £ 3.0
2 254 S 25] S 25]
#H 204 #H 204 3 2.0
% 154 o5 5 15
1.04 1.04 1.04
el
0.0 0.0 0.0
N S EFEFECS S ECRRLEOEEDL Q@ N D O DO A S E O A O Q R O S P b P @ v b (O 4 QR DA 1O (O
$ & &
(o) < <

K 3-2 PG AR B
Figure 3-2 Activity of PG mutants (site 153, 154, 157, 193, 195, 196, 290, 291 and 292)
(a) 15317 Ai; (b) 154475 () 157 fiif; (d) 19374 (e) 195475 (f) 196 f7Ai; (g)
290 fi7 sis (h) 291 A7 /s (i) 292 £ s

3.1.3 B R R AT

W oI 3 OSSR B R TR B RS AE A291S AR PG EHTEABE
FHIAF R 168 HilFAT KIERIE, W50 15 B8 e R 4R IR 2 MBS 7% 2.2.3
BT PG RKIBER I AIAL . KBB4 20 1 B VA A B A i TRk 46 )5, (] SDS-PAGE
EA WM WT-PG 5 PG S48k A291S 18 1457 /e Wil 3-3 Frs,  2lidh e i)

& WT-PG 5 PG Z&48 & A291S 4lifilg i ¥1E 20 kDa /45 #1 31 kDa /& 45 H BB S 1) 2% 1
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