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CI2N 1/21 (2006.01) CI2N 15/67 (2006.01) ONY: T [E T R T 5 T v i IX & W kol
CO7K 14/32 (2006.01) CI2N 9/90 (2006.01) 18005, Jiangsu 214122 (CN),

CIZN 9/56 (2006.01)  CI2N 9/26 (2006.01) ) \ e \
CI2N 15/75 (2006.01)  CI2R 1/125 (2006.01) (72 KI5 [ ZHANG, Kang); th [EITT 25 8 L5 11
T 791 X 2% 9] K 3B 1800 %, Jiangsu 214122 (CN),

@V [EfrHES: PCT/CN2023/135786 = A (WU, Jing); 1 [E VL 75 & Jo i X
@2) EERFREH: 2023 4F 12 A 1 A (01.12.2023) sk 1] X IE 1800 5, Tiangsu 214122 (CN). K Hiy

— ‘ M (v, Xuyangy; H L 05 & 7o 15 i 45 X
(25) HIFIES: 23D £ 1 < 18 1800 £, Jiangsu 214122 (CN), T &
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(54) Title: METHOD FOR IMPROVING EXPRESSION QUANTITY OF RECOMBINANT PROTEIN IN BACILLUS SUBTILIS
BY MEANS OF CO-EXPRESSING BACILLUS-DERIVED ENHANCEMENT FACTOR

(54) SRR — MR 2 AT R IR R 2 R AL PR R A R Rk Ry s

(57) Abstraet: Provided is a method for improving the expression quan-
tity of a recombinant protein in bacillus subtilis by means of co-express-
ing a bacillus-derived enhancement factor, which belongs to the techni-
cal field of enzyme engineering. The gene for coding the recombinant
protein is respectively co-expressed with bacillus-derived PonA, a PonA
truncate, OppA or SppA, so as to increase the expression quantity of the
recombinant protein. The results show that the method can increase the
expression quantity of ultra-high temperature amylase, medium temper-
ature amylase, or sucrose isomerase to 3.96 times, 1.49 times, and 2.26
times at the shaking flask level. The expression quantity of the ultra-high
temperature amylase can be increased by 26% in high-density fermen-
tation of a 3L bioreactor. The Bacillus subtilis, as an exogenous protein
expression host, provides a new developable target, and at the same time
provides technical support for the optimization and modification of the
enhancement factor.

Pasfi 417 AA

PR TS

(57) I E: SR Bt 1 — Al H 3R K 2R B T R R 55 IR - 4R
AR AR S R PR BNk, BT

2 AA Relative enzymatic activity of Pfa jﬁ'{jl‘(@)ﬁ\igjo ){%éﬁﬁ%iéﬂ%g%i}%ﬂ%ﬁ}@j‘?%/ﬁ
ff/PonA. PonA#iig k. OppAmkSppAttikik, VIR wm
HEAWRKRE, SR E R, Prddy ikl (0 SR E B
B, PR TEN A RN AR AE SRR R A B S
39615, L49MEFI2.261% . 1E3LAN) N i = B0 A I
ALK TR TE R R AR R 26 % o PR L
PR R MR AR A e EIR M TR Al T L, [
I SRR RO (RSO SR I T RS
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8D I5EEER A HTE, BoRE AR AESR

R3P): AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG,
BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU,
CV, CZ, DE, DJ, DK, DM, DO, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IQ,
IR, IS, IT, M, JO, JP, KE, KG, KH, KN, KP, KR, KW, KZ,
LA, LC, LK, LR, LS, LU, LY, MA, MD, MG, MK, MN,
MU, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW,

B T EER A ATEH, BRI —MATTRALIHIX

R ARIPO (BW, CV, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SC, SD, SL, ST, SZ, TZ, UG, ZM, ZW), ¥l
(AM, AZ, BY, KG, KZ, RU, TI, TM), BXill (AL, AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR,
HU, IE, IS, IT, LT, LU, LV, MC, ME, MK, MT, NL, NO,
PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN,
TD, TG).

AEBRAA:
—  EP R IR GRAE215:0)).
— BT AR AR (5 2()
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— PR I AT ORI R R TR e B A A R AT W R R T

TR IR

AR IR W Be— bR 2 AU B SR VR 1 e R 7 3 v B 2H B P AR A 2 A B SRR Y
Jiik, BT T AR ARG
HREAR

R B ZFAUNT R (Bacillus subtilis) JEZF MBI (Bacillus Cohn) F—FAE 2% [RPAME B .
B. subtilis AT A= 5 R FESASMEN, W NZEE FDA (GRAS(AWIW AL EYIR)) i
RYGEEMR, 5T o wissss, nms i KBRS W as IR ke, AN R R AT
TEREBE TR, HTE SR EAEAFRE Y, HRFERESRmLe
B IR, REEZF AT BB A T M 0% T S5 i 2 7 A 2 B R 78, XA A
T AT B IR S DA S AR, B AT R AR Y A R A T R A e

D SR A B AT B AR R VR RE TR AT R I E P 2 . BRI CARELT
VR 2 SRR DA BOE X PR A= P DUR A BB s i B R (1 7= i, i anid Rk Sec A2 AH KA T,
FOCRR M Y B A AR IR, SN IR T R . AR, T D A S AR R A
THA P TR S AT B D e AR, MERENS R BEEFARHBA—®ES 5
5o AW, AR A A OC T A B R 5 1 R R IA BRI AR Bl F b R E AR A
U1 Jennifer Staudacher ML bR R AE N RIEKPH REEHREKFREE 3 15,
Xiao-Ran Jiang i =ML AT B, ¥ PHB M=EFm= 1.8 ff. Kk, Hur T
B E R A B AR IR AR E A e, X R PRE M I SOE S AR S R T, AT IR
il T AN EL M B AR A RIATE E M — PR

H T4t 8 B R A2 v HOGHAE IR T I S e AN 563, b AR e A 26t b
S R A 357 AL R A 144 5 T AF R TR A B S AT B R R IA R
BEHAE

RGBT HE 4H AR AR A B A R T R R R BRI I, AR BRI T —FE
E GRS AR P AR A RAE NI, PR T VAR EA E YL A RN i Rk 5 A
W A RFHERGTHEHE PonA. A KBFHFERL GHEH PonA #JHA. ABC 12125 H OppA
555 RAE SppA.

RSt IT =0, FTR A PonA RAVE T RS2 UM 18 (Bacillus subtilis). HACEFF
M8 (Bacillus licheniformis)~ fRIEN ZEMNFE (Bacillus amyloliquefaciens)~ B RZEHIMT

1
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(Bacillus megaterium) BUEIIENT ZFAMT 1 (Geobacillus stearothermophilus) [f) A KEHBHR
SEmA.

E—Fpsite 7 =0, RIRTHE 2R (Bacillus subtilis) ) PonA 52 H N PonA (Bs),
FA5 SEQ ID NO.1 AR ), BEA 5 SEQIDNO.1 B 90%. 91%. 92% . 93% .
94%. 95% 96% . 97%- 98%. 99% 8 99.9% [Fl—MHMEERT .

P WA, SRIET WK AT (Bacillus licheniformis) ) PonA Z[1°A PonA

(BD, B f SEQID NO.2 FirrfN BRI T4, 8iE A5 SEQIDNO.2 B 90%.91%. 92% .
93%. 94% . 95%. 96%. 97% . 98% . 99%1% 99.9% [Fl— B IR T .

fE—Fp L7 A, SRIRT M AT (Bacillus amyloliquefaciens) [] PonA & N
PonA (Ba), B SEQID NO.3 Firfiia iR 74, 8EH 5 SEQIDNO.3 B 90%. 91%.
92%. 93%. 94%. 95%. 96%. 97%. 98%. 99% 5k 99.9% [F— IR ILIL T

fE—Fhszit y 20, SRIET ERFM R (Bacillus megaterium) ) PonA E 1N PonA

(Bm), & SEQ ID NO.4 FrR &M 771, 8iEH 5 SEQ ID NO.4 H15 90%.91%.92% .
93%. 94% . 95%. 96%. 97% . 98% . 99%1% 99.9% [Fl— B IR T .
fE—Fh et Tr A, SRIRT BRI ZF AT ( Geobacillus stearothermophilus) ) PonA
HH N PonA (Gs), B SEQ ID NO.5 s U= EERF4, 8iAA5 SEQ ID NO.5 BA 90% .
91%+ 92%. 93%. 94%. 95%. 96%. 97%. 98%. 99% ¥ 99.9% [l —FIRFIR T 7.

E—Rsi W, BRI PonA RS RIET A AT B (Bacillus subtilis) . Hh
AKX FERINE (Bacillus licheniformis) fAUCR 2EHOME (Bacillus amyloliquefaciens). B K
FFE (Bacillus megaterium) SIERNGNT FIATE (Geobacillus stearothermophilus) W] A 257
BREGEOEIM.

10— PP 77 3, SRVRTR 5 2 f AT 8 ( Bacillus subtilis Y] PonA B HE R &N DcPonA

(Bs), B SEQ ID NO.6 Firs &£ 41, BiRA 5 SEQID NO.6 B 90%.91%.92%
93%. 94%. 95%. 96%. 97%. 98%. 99%1% 99.9% [&]— 1k KB ILFRF A
fE—Mpsht 77 20, KIR T AR ZEHINT B (Bacillus licheniformis) 1¥) PonA 5 HEUE AR
DcPonA(B1), B4 SEQ ID NO.7 flizs IR IR 771, BiH A5 SEQ ID NO.7 B 90%.91%.
92%. 93%. 94%. 95%. 96%. 97%. 98%. 99% ¥ 99.9% [ —E IR IR .

TE—Fhaiite 7 s, SRIRT-BRIE R SF AT (Bacillus amyloliquefaciens) [] PonA & F#k
448 DePonA (Ba), HA SEQ ID NO.8 i a ki r4l, sAHF 5 SEQ ID NO.8 Bf
90%. 91% 92%. 93%. 94%. 95%. 96%~ 97%- 98%. 99% K 99.9% [i]— M )R FEERR

2
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751,

Pzt 7 aF, SRIET ERZEMIFH (Bacillus megaterium) ) PonA B ARG N
DcPonA (Bm), HA SEQ ID NO.9 FiinEER/TY], SAHYS SEQ ID NO.9 BH 90%.
91%. 92% . 93%. 94%. 95% . 96% . 97%. 98%. 99% 5k 99.9% [ — IR FF.

(E—Fsiita 7y 3R, RIRT WG ZFH8M 3 (Geobacillus stearothermophilus) ] PonA
T AFAG RN DePonA (Gs), H 45 SEQ ID NO.10 AR R T4, 887 5 SEQ ID NO.10
HA90%. 91%. 92%. 93%. 94%. 95%. 96%. 97%. 98%. 99% 5K 99.9% AR
I

fE—Fhshii Ty N, RSB AT B RIEK) ABC 182 ieE 1 OppA AH SEQ ID
NO.21 PR HIEZEBR A BT IR KGR 2 AT B R USAE 5 IRk SppA, A SEQ ID NO.22 i
ENIERE

FE—Rhsiiti oy X, iR i S 2H B TR RN IR T R VE R B . rh R e R B B b
T .

FE— Pzt 77 30, ik iR e M R SEQ ID NO.23 BRI R IF S, siAfF 5
SEQ ID NO.23 HA7 90% 91% . 92%. 93%- 94%. 95%. 96%. 97%. 98%. 99% 5 99.9%
Al — [ S B ER P 31

fE—PFhsepE T A, AR PR RS SEQ ID NO.24 FisE RS, SAfS
SEQIDNO.24 BA 90%. 91% . 92%. 93%. 94% . 95%. 96%. 97% . 98% . 99% &k 99.9%
il — M S B RT F

E—Rs W, FriR b R84 SEQ ID NO.25 FisiaZmiFsl, sAifE
SEQ ID NO.25 57 90%+ 91% . 92%. 93%- 94%. 95%. 96%. 97%. 98%. 99% 5 99.9%
[l — Wk B R P A

fE—Fseiti Nk, DL pUB110 ARIAEAARIA M EIRSERTEE . PR e B pl i S 4

IT=H
T

FE— P2t 77 a0, Bl pAD123 ARIAEAARIANTIR A KHFEBEREGHEH PonA. A K
HTEREOED PonA B4, ABC B2 OppA 8= 5 MAKEE SppA.

fE—Fh et A, TR E R AR —m R RIAEHEAMITAR PonA. OppA BLK
SppA.

FE— sty a0, A TE TSR AR TR R S A B SCK6.

{E—Fh Szt 77 2N, AR (14 8 22 B I H BB R BT Pamyo BEATERIE, TR 2 30T Pamyo:
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A% R 7 4130 SEQ ID NO.31 B

FE— PRzt 7 30, BT A BB RE G HE M PonA A RHFERL AT PonA A,
ABC 872 HI2 R 1 OppA /5 5 IKAKEE SppA iBIL/S T Pen BUR BT Prpan BATRIL .

e 7 I\, BT B BT Prpenr R ERFF 5400 SEQ ID NO.32 FVR.

£ 7 N, Bk B3I T Pen MIZHERFT #1140 SEQ ID NO.33 FiiK.

AR BLEIRAE | HMNEER B RN B 5L RO R AT R B, TR A B AT B A
TEZRIB AN R 0 R 43 e l TR AT R IR ) A B EH R L A5 H PonA B DcPonA.,
R B AT BRSRIR ) ABC BRI E 1 OppA BAh 5 2F AT B R IR 915 5 IR SppA.

fE—RhsEht 77 20, BT ANRER R AR AR TR i 1% B 5 B B 2 AT R T S
HI MR (exogenous) T EE AT . 140, SMEEE A AT DU BRI R B . R B YR &
RS WREZINE AR WERSENEOR. 2L F h A TR TR E R .
Rl S A AT AOAIE EN R SR R U8 AR 5T AT DA B R T (monomeric protein)
5 % TR AR B 5 (multimeric protein). “ 2 AR A BT #7] LME VB S PIADAEEZ NER K £ XK
AR EA . £2 84T, & TE T DU s i ssiids: v bhad a4
ANGRIK AR TLAE R AE AR SN S st e, B AT LUE I BT A S0 IER: . 2 R PR
WAE—ADEEA T . 2 RN DR A PR R 1 R 2 AR, ]
A PR LL BRI SRR R 2 Rk . FREDIINE, 2 REEA R RIRE RAN
BN, MRERAN ISR DA WER R EE . &1, Frg W] D2 57k
1, ERE A —FB RS TR . IR A A DU RRFIEA I RS B i, Al LU
RN RGN E A, REHERANEA WM ERR. Wi, RIREEB R
PR RARH Tat fRMEE /- 8L R, AT BUR KRR Sec M PE /I E S B

fE—Fhsii/r 20, DL pUBLI0 ik ARk mii ve kg il Ve 6 e Bl R A 7 1
it o

fE—Hsii 720, B pAD123 NRAERREIIAR A BHERE G HEB PonA. A L
HERL G HEA PonA MR, ABC 25125 M OppA Bif5 TIKIKEE SppA.

AN BB A T F T T A A RN B A B A L TR O B R A R SRR
RS PNCIR R4S [0 Y EF - S I I e 53 P R R B Y

E— Py s U, PR geid i s T 2k A EART A BHEH R G HEH PonA.
A BEHEBREAED PonA BT, ABC BEFIZE N OppA 555 IKIEEE SppA IgmiLit
.
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fE—FhsTt 77 N, Bk A KEHEZRE G H PonA MYRISEEE A SEQ ID NO.11~SEQ
ID NO.15 £ — iR I E R P51 .

E—FsEiirriF, frid A KEHFREGGEH PonA BEERNHFHILEREEA SEQ ID
NO.16~SEQ ID NO.20 £ — iR i BT 51 .

E—RsEit i N, TREHEANREER G EAR TR EREHE. PRk
B TR e K g ) G D B A

E—Fhsziir N, ik iR e i gis B R 2 SEQ ID NO.28 s R
5.

E—RhsEi 7N, TR R e K 4e s Z5 IR BT SEQ ID NO.29 FTR AL H TR IF 1«

FE— Pzt 77 30, BT IR e T A BG4S LR SEQ ID NO.30 s % HER 41 .

AR AR A TR A B AT B A B A AR R R e A P U T R T BN R A
HFK R

TE—FhSEht Ty 20, TR N K I B 4L B R IR R S A s g — B R, R
IRVER N AR B BT AT

fE—FhsepE 7 A, RN A 30~40C, R 30~37°C, B% 35~40°C, B 37~40°C, B
35~37C R,

fE—pheche T, Pk KRB KBS/ 24 h, BE/D 360, BED 42h, HED 48N,
g%/ 60 b,

E—Fhsei i, TR KRB A h G RRR D . K EAE. ITEREANSEE T

Mty sy, PR R R SR AR S A RPR 9.0 g/L. R HREK 18 g/L. IR
1.0 g/L. KoHPO4-3H,0 14.66g/L. (NH4)2S042.68 g/L. Na;SO; 2.0 g/L. NaH:PO4 3.49 g/L.
MgS040.49 g/L. TES &JE & T 0.3 % viv.

fE—MsitE 7 N, BTk TES &8 FREH: CaClz 0.5 g/L. ZnSO4-7H20 0.18 g/L.
MnSO0s H0 0.1 g/L. FeCls 8.35 g/L. CuSO45H,0 0.16 g/L. CoCl, 6H,0 0.18 g/L. Nay EDTA
10.5 g/L.

TE—Fhsi s, Pl R AR Al AT 1 AR

FE— szt 77 30, IR LR RN IN S B R RLE TR

fE—Fhsitr s, FrdabRiER AL S A AN . REEANk. BB SRS T.

FE— Mt 77 30, TR R Y TR AR S AR 250.0 g/L. KA 66.66 g/L. EFt
¥ 33.33 g/L. MgS040.39 g/L. TES &JEE T 4.0 % viv.

5
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RIS PRSI FAT I A SR A iy LD R R SESURE
PP AN

A WO

(1) AR BT I o e 2F AT B SR YR B HE 72 X1 PonA L OppA B SppA, & m [ &
SH R [ (0 AT B SR AOAT B R RO B, T (8 R e M BG4 e 2 AR U 2.03 £ 1.42
A1 1.92 f%

(2) AR BRI T A FRIEHI IG5 T PonA B H, W L RIEH MBI MEEFRE
AL RE IR @2 1.71~3.96 15,

(3) AR AFRIEH) PonA 517 FN3 SERIREEAT T#AT, SRS AIEUE 4K DcPonA 5
TR e il Ry g A A T e e R R Bl AT LR R R B e 2.02~3.35 f% .
i Pt

B 1 U T AT BOR YR AT PonAL OppA B SppA Y2 4 BT il SE A 7
o e T R T R TR AR S A Tl Pl S S L ) s R

Bl 2 LSRR SF FAT B SRR PonA B FE R TRZEAE & DePonA R iy i Ve o 1 .21
Rl A 140 R BT R R R /s i

P 3 LR IE PonA (Bs) FIHE iR e N B 5 20 BARRYE 3L AR N 2% v [ T AR vk P52 R g
SR, (a) SCK6/pfa-ck, (b) SCK6/pfu-pond (Bs).

K 4 NIRE PonA (Bs) M EHRIEH BE EH B 3L AW SN & PRI R ah
SDS-PAGE 41 Hiyk ¥ .

Pl 5 Sy 0ol B 2 AT B DR UR 1Y PonA BRI [FZEEE BB BEBR 618 LtaS AU iR vE 1) B
B 2H TR R R L BT A ok PR A 7S T

BARSEHETT A
(—) FRYIME S, AKFIECH:

PonA: A EHFHERGGHEA:

OppA: ABC &R izHEM;

SppA: &5 IKIKAE:

ponA (Bs) : Bacillus subtilis 168 SRR A XEBERGE S EA;

ponA (BD) : Bacillus licheniformis DSM13 RIEHT A REHEREH

ponA (Ba) : Bacillus amyloliquefaciens DSM7 KIRI] A B EERLEEEA:

ponA (Bm) : Bacillus megaterium DSM319 KRN A REERLEEEN

ponA (Gs) : Geobacillus stearothermohilus ATCC 7953 RN A KEBERGTHD:
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DcPonA (Bs) : Bacillus subtilis 168 SRIFH] A REHE R4 & HE ARG,

DcPonA (B1) : Bacillus licheniformis DSM13 J5 ) A BH B RE S E B,

DcPonA (Ba) : Bacillus amyloliguefaciens DSM7 KE I A KEH RS O F ABEIE,

DcPonA (Bm) : Bacillus megaterium DSM319 SKJR) A X EF RS S E H B,

DcPonA (Gs) : Geobacillus stearothermophilus ATCC 7953 KI5 A BEFERESHEH
TR

LB: Luria-Bertani $577%, A TH SR L 7.

TB: Terrific Broth, A7 FRHE.

(=) ABA B seiir b i KAl 77 v

(1) AYrEsE

KRB (ODgoo) R BUFEE R S TG U405, BT 908 08E0
Hr il & 600nm ARG -

(2) Ve R B G 5 I

HLARMRAE WOCHR RN, SRR, S WERTE T i o- V8 R I 70 Rl B 25 R B8 A 1 4
WRAD. BRAFSNAEY SO . BHEWNE 2 XN UUmLY)=n x

(6.0539XA540+0.3494), JLrit U NBRE JJHRAL, n NBGHRRBEAEEL  AS540 NARETE ODs4
NI RO IR B IO E
(3) o ek s I E
FAREEAE W SCHR (Yao D, Zhang K, Zhu X , et al. Enhanced extracellular o-amylase
production in Brevibacillus choshinensis by optimizing extracellular degradation and folding

environment[J]. Journal of Industrial Microbiology and Biotechnology, 2021(1):1.). BIF € 2 2\,
A: U(U mL1)=nX (6.0539xA540+0.3494), H i U ABEIE S AL, n NEERIRRTHL, AS540
DR FE ODsao T WU A IRV AE 98 25 2% 1 4R RO A
(4) JRERE 700 i o 5 0
HARPEAE W SCHR RIS R R R . 50 B02 B ERE = AR AE K AT B v 1 3R 08 K R BEAR,
1. ¥ T 2 4R ,2016,032(008):1070-1080 ) . B 75 M 2 2~ X A+ UU mL =n X
(6.0539%A540+0.3494), vt U NBEIE S840, n ABRERMREAE L A540 R AL ODsso

D O 0 2 LR
(=) AR EIIHH RAF B2
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R A E A ddHO Ko, Mol SER/sE 121°CK T 20 min.

LB WA E R4 TEREN; 5.0g/L. BRER (IR 10.0g/L. NaCl 10.0g/L.

TB ARG IR 58 B RERY 24.0g/L JEE AR 12.0g/L. H il 5.0g/L.KoHPOs -3H20 16.43g/L.
KH,PO4 2.31g/L.

3L KFEFGERmIEE IR MR 9.0 gL, KEEAMK 18 g/L. MERE 1.0 gL,
K>2HPO, -3H,0 14.66g/L. (NH4):S8042.68 g/L. Na;SO;3 2.0 g/L.. NaH,PO4 3.49 g/L. MgSOa 0.49
g/L. TES @ E T 0.3 % v/v.

3L REERE MRS 7R AL : HIZTHE 250.0 g/L KB E K 66.66 g/L. B REFY 33.33 ¢/ MgSO,
039 g/lL. TES & T 4.0 % v/v.

TES &8 B T#i: CaCl, 0.5 g/L. ZnSO4-7H0 0.18 g/L. MnSO4 H,0 0.1 g/L. FeCls 8.35
g/L. CuSO4 $H20 0.16 g/L.. CoCl2 6H>0 0.18 g/L. Na» EDTA 10.5 g/L.
L) 1 FEEREERE. P EER SRR R AR

FIH PCR 7743 B iR VE R B« T IR DE A B AT B B S R A R I R R B
B2 75143 B0 SEQ ID NO.28. SEQ ID NO.29. SEQ ID NO.30 iR A H F B pfa. amyS F1
sic BN IREIWUEIEY poe-per 7 R S pUBLLO #ifk, HAEHWELEH SEQID
NO.31 i I YIS BT Pamo TE . FEJG ¥ poe-per P A0 MG BLZF UM B SCK6, UK
20 min, 37°C7/K¥# 20 min, 37°C, 200rpm & 7% 3 h, WAESH RMBERIUE (40 pg/mLd
) LB PR L, RSl ik G S8 EALE, EAHR 444 4 BSP. BSA. BSS. H
Ho, HT 3R pras amyS B si BRI B AR N R NIRRT I G 2] QT M, 7K
BE, St VERH BB SR a-bCRBETE B. subtilis /P IFIE[T]. BN RSN T E
Yao D, ZhangK, Zhu X, etal. Enhanced extracellular a-amylase production in Brevibacillus

choshinensis by optimizing extracellular degradation and folding environment[J]. Journal of
Industrial Microbiology and Biotechnology, 2021(1):1.; XIZEJE, St iR, 43 002 W e M S ) B
TE R B 2R IE S R BARAR[T]. ARV T RE2£4R,2016,032(008):1070-1080)
SEHE 2 #8598 R T SRR BRI 22
(1) B4R pAD123-PonA HIFy %

FIH PCR J7 35 AL B 2EF A i 2L R 4 b 38 40 SEQ ID NO.11 o pond ZER . &
M REUE @ — 5 BRI & (ClonExpress 1T One Step Cloning Kit) ¥ ZEH: % pADI123
AR, M SEQ ID NO.33 IR IZe S HE R AR BT Po IR, BEERALE KA
JM109, VK& 30 min, 42°C7/K¥& 90s, ¥K¥& 3min, 37°C, 200rpm 7% 1 h G iR E SHRET
HEZRPUE (100 pg/mL) {17 LB “FIR I, ?ﬁ?‘ii%%o AL iR e S AR AT HE A TR
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(2) BEHFHR pAD123-OppA fik 2

HF PCR J7E AL 2 AR B B PR 4H vh 7 B A% R PP 41 1 SEQ ID NO.26 iz oppA 5K
B Hp3), kU — 2wkl & (ClonExpress 1T One Step Cloning Kit) #f
FOEFES pADI123 #ii&, 1 SEQ ID NO.33 FniIZ 2P0k SRR SIT Py HIERE, MG H
=R IM109, 7K 30 min, 42°C7Ki# 90 s, YK 3min, 37°C, 200rpm B 75 1 h J5
BAESER EEEERME (100 pg/mL) K LB FHE, SRR, S imkiriEgms
Jik o

(3) HEH BB pAD123-SppA I

FIH PCR J775 M B. subtilis 168 FERH Y1 sppa B B, HFP41UW0 SEQ ID NO.22
iR, St E @ — P w iR F) & (ClonExpress IT One Step Cloning Kit) H#f %2
pADI123 #4K, 1 SEQID NO.33 T RiIZ 2EMEG SR B 80 F Py FERE, BERFELE NG
FFEE IM109, #K# 30 min, 42°C7KIE 90 s, YK 3min, 37°C, 200 rpm 75 1 h JGiRAGER
FRFEBERPME (100 pgmL) K LB PR I, WJREE7R. Silifikiiir ke E 48 5m k.
LR 3 P EIRIEREE. PRI tRE B R

W SE ] 2 Mg A E LR pAD123-PonA . pAD123-OppA A1 pAD123-SppA 73 Hil#%
WESH SRR 1 AR E A E BSP. BSA. BSS BZAMIEF . VKA 20 min, 37°C7KIE 20
min, 37°C, 200 rpm EJ5 3 h, IRAMFEFA R NE R PP (40 pg/mL) KEEZPUE (10 pg/mL)
¥ LB PR L, RB%ss, sRAGRIN REH A R E AR 7 B R . KIE ER I E A
B CL 2% At B AT 10mL &7 -RIBE R (40 pg/mL> HEBEZPME (10 pg/mL) 1)
LB #3371, T 37°C, 200 rpm 3575 10h {F AR BRI BE S DL 5% B08M & 2 S50mL
TAHMRIWEDA RN TB Hyedkh, RINIIA Sg/L ZHRETHSEE, ST 37°CH*
2h JE TR R 33°CH & KL . iR e M B R IA B RR RS 7R 22 60h,  HH Il U 47y B AN JRE A
S MBER IR AR BE 75 28 48h 5 UR B b i 18 U M R e M 2 B

K LB = E A E AR E 1 s, SRR R TR B, PonA. OppA
A SppA FIFLRIE S A B IR 2T AT 2.03 £5. 1.42 580 1.92 %, ik OD ®ERE
E5 . MERIEEATIRER BN, PonA I OppA IFLERIA BB m 2 B E R K 1.49
fEA 1.38 15, H PonA 1 OppA M RIXEMKAKEF LR T A OD A BEE 5. SRR
N RERE T AIER , PonA F1 SppA [FERTE 7 A gV S i 2 37 AR U 1.52 £50 2.26 £, PonA
(3 B A4 OD B E K, T SppA Hd Rk BE8# R T HIK.
SEHAR) 4 RIEANFERIE PonA K E 4 AL
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FIH PCR 32453 MM B. subtilis 168 Bacillus licheniformis DSM13. Bacillus
amyloliquefaciens DSM7 . Bacillus megaterium DSM319 1 Geobacillus stearothermophilius ATCC
7953 [ EEF LI 18 ponA (Bs) + ponA (BD) . ponA (Ba) . ponA (Bm) FponA (Gs)
ERAE, HEFRFH4 %5 SEQ IDNO.11, SEQIDNO.12, SEQIDNO.13. SEQID
NO.14. SEQID NO.15 i, &b EiEsd —2 %kl & (ClonExpress IT One Step
Cloning Kit) ¥ HiE#: 2 pAD123 #ifk, HZFWHFAUEDNT Poy HIEERIE, HEHRALEX
FAATE IM109, VK 30 min, 42°C7Ki% 90's, VK& 3min, 37°C, 200 rpm HE 75 | h JGIRAGE
THERTEERPUE (100 pg/mL) 1) LB PR L, SR FR. Sk RiG s poki
SEHER 5 FRIE FN3 SR DePonA KB BRI 2

FIF PCR Jyyilid FRE 2450 PonA K C ¥t FN3 53, 40 53R R 751 40 SEQ
ID NO.16.SEQ ID NO.17. SEQ ID NO.18.SEQ ID NO.19.SEQ ID NO.20 fi 7= [f] DcPonA(Bs )«
DcPonA (Bl). DcPonA (Ba). DcPonA (Bm). DcPonA (Gs) HBL: $%MBSZHEW] 4 A
B PCR P44 id iR UG @i — 2 e R Gf & (ClonExpress 11 One Step Cloning Kit) %z
& pADI123 Bk, BHEIT dpnl ARG FAb 2 KB E IM109, JK¥E 30 min, 42°C7KIE 90
s, VK¥B 3min, 37°C, 200 pm BJ5 1 h JFIRAE S AR TTERIUME (100 uyg/mL) 1) LB ¥
ML, SRR . 20l kIR AR B R
SEHif] 6 FHREE PonA B DePonA 3LRiAE 4 B & S R s

W SRt 4. SCHEMR S FEE IE B 0 SR 20 ) i A 28 SRt 1 A ) B 4H B BSP T,
PK¥ 20 min, 37°C7KIA 20 min, 37°C, 200 rpm K75 3 h, IRATE S A RIBE R B (40 pg/mL)
FEBEZPME (10 pgmL) (9 LB PR L, i ihEss, SRERN R LB E Pfa fl PonA
EEREMRE, SkFNREEEEIENE Pfa f1 DcPonA AN B . KIGIE EM A E A
B LA 2% R Fh B R A T 10mL & RIBE R (40 pg/mL) REHERHE (10 pg/mLd K
LB B 7Rdtrfr, 1 37°C, 200 rpm T E7 7% 10h /9 R BE Rl TR BEJE BL 5%H0Hcph E 4% % 50mL
SE MR EEBUAE R TB B aR88m, RN Sg/L 2 Mt AT 35 SRk, JeT 37°CH 3%
2h VTR & 33°CHE IR A 60h. B 5 UK I L iEE MM R 5 4% MR LR B A 7 VA A Pfa
FikFE. DIAFEKIL PonA B¢ DcPonA, XM EAHE BSP FF#{LFTRL pAD123 3545 K B H B 1F

KB L&Y Pfa BEU0P 2 Fras, BR PonA (BD) #h, ik HAth ZE A 3 kIR PonA K
11 2 2H B AR TR R MR IR B T i AR A Y 3 B . JL5RIA PonA (Bs) « PonA (Ba)
PonA (Bm) . PonA (Gs) [EEZHEAE KB 60h J5 IS B 05 H: 74.17 U/mL. 82.07 U/mL.

14398 U/mL. 171.76 U/mL. FHCXTHEEE . /e s 1.71 £5. 1.89 %, 3.32 51 3.96 f%.

0
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F R IK DcPonA F)FE 41 P AH B IR T AR BY Pfa BV BB H W ZH T} . F£R 1A DcPonA (Bs) .
DcPonA (Bl) . DcPonA (Ba) . DcPonA (Bm) . DcPonA (Gs) [ 2B 7E KT 60h il

b=

BEFE 9 : 90.48 U/mL. 143.48 U/mL. 94.04 U/mL. 87.68 U/mL. 145.26 U/mL. #{tLxt
FRTE AR BIPE R 2 2.09 fi5. 3.31 f5. 217 fif. 2.02 fi5. 3.35 f%.
LR 7 B3 TR

P AR B R I8 PonA FFRL pAD123-Prpun-PonA (Bs) , EAETE A FIH PCR ik
M B. subtilis 168 FF 4 I 1F 2R H MR ¥ 5401 SEQ ID NO.32 Fius B 175 Prpan H
Bt ity Eimid 0w iR & (ClonExpress IT One Step Cloning Kit) ¥ HiZE % % 52
Mt 4 FIEHIIEA PonA (Bs) (IR pADI123-PonA (Bs) b, )R #ELE KHFEH IM109,
YK¥S 30 min, 42°C7K#5 90's, UK 3min, 37°C, 200rpm E75 | h GRS H AT HER
Pt (100 pg/mL) B LB VAR L, S HF . L330f RIS 15 E A R pAD123-Papar-PonA

(Bs) .
SEHER) 8 3L RIEFREK T KB B R IR K

K SehEf] 7 M IE R E LR pAD123-Prpur-PonA (Bs) B Z STiafsl 1 2 E 4
BSP A2, #K¥ 20 min, 37°C7K¥ 20 min, 37°C, 200 rpm 7% 3 h, BAESH
RMBERIME 40 pgmL) REFERPME (10 pgml) 1 LB PR L, dacs, HRELIHL
T4 PonA S Fak Y E AT . KT S T e OB 1 B bk FH PRI 27T 37°CHE 5% Loh, HRELE
HEESHEMBER (40 ugmL) MEEZR (10 yg/mL) ) SomL 3% LB £ 9534, 37°C,
200rpm 5 T EEFR 12h, PRJE DL 10% I HZEHAZ 2 900mL &1 R R (40 pg/mL) AIE
FER (10 pg/mL) MR RIS, TR EN 33°C, HIZ /KR 20%BE B pH #=4H7E 7.0,
FERTE 6.5~8 h BRSO a4, MR AR R R R S B AT 0.1g/L.
SE IS HURE U 5 B AR A P b 0 v T S G G 0 B B R ) B 7 A% 90h A 1 2]
1611.86 U/mL (& 3a) , PonA (Bs) HIRIAEFRNI T 102h 1A% 2041.73 U/mL (& 3b) , #H
PO R TR PR B TR = A 1.26 % . 7RMh o 20 AT ) BRI VR TE T 5 I 8% Sl S b 6 AR -— 880, SDS-PAGE
BoREAZW RGBT (B4 .

Xf EeH) 1:

HAR I 77 AR 2l 5~6, XATET, BHPFTHET, BEACH: 14 PonA Bkt F
AR R B BEEE TR A S LtaS (ZAR/FF140 SEQ ID NO.34 iun, J:HF414n SEQ ID
NO.35 {izs), &iR&ER, LtaS idRIA{TUE Pla MBS S 1.52 1%, S3FXT PonA X Pfa
FIEMF AR (2.03 ). EFRFERIRIFFRIT, ODso A ZELRN (K 5).

11
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HARAA] C B fl 20t dn b, (HEIFAR DR R A, AR TGS BRI,
FEA IR AR R W DR A BB, AT o b 2 S A2, BRI AR i B AR S R I 12 A
BURZE SR AL B S5 (R
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1. EHAFFIFANE, HREET, RBINEESM (D ~ 4 (FEA:
(1) FAFRRIER A KHERLEAEN PonA;
(2) ZFAAFTHRIER A K5 H R4 6 EEB41K DcPonA;
(3) FEBZE AT RIE ) ABC iR R HEHE H OppA;
(4) R ZFAA T RIS 5 KA SppA;

BT K PonA 2 RIE T A MW (Bacillus subtilis) . WA ZEHFF B Bacillus
licheniformis ) « f# € ¥ F HUAF B ( Bacillus amyloliquefaciens )« K3 8 Bacillus
megaterium) BUEHIG T MUFFBE (Geobacillus stearothermophilus) ] A REE R & HA:

FITIR 1] PonA K0 S SKIR TN BL ZEHUAT B (Bacillus subtilis) HARZFINTE (Bacillus
licheniformis ) « R V€D 2 AT W ( Bacillus amyloliquefaciens ) « 5 K7 f A1 B ( Bacillus
megaterium) BUFEMAEIT HEFUAT T (Geobacillus stearothermophilus) ) A KEBREGHGEA
AR

2. MY ORISR 1 A R AN A AT, HUARFHEAE T, BTk PonA 2 HH SEQ ID
NO.1~5 fF—FRIEER TS, EAH 5 SEQ ID NO.1~5 JiRFFIEH 90%. 91%. 92%.
93%. 94%. 95%. 96%. 97%. 98%. 99%1% 99.9% [ —1 IE IR F 5.

3. MRIEACHIZR | PR B E AR S 2 AT B, HRFIEAE T, ik PonA SR BUE AN R
A SEQ ID NO.6~10 fE— i ME AR 77, 8EA S5 SEQID NO.6~10 Fix/FFI EH 90%
91%. 92% . 93%. 94%. 95% . 96%. 97%. 98%. 99% 5k 99.9% [FA— R FEERFF.

4. MRAEBFIER 1~3 E— IR EAMMEF M, HARFEE T, FrRmsNERE 5 a5
P ER RS T R e SRR T M B

5. HHEBCM %K 4 DTk R B RR B AT, HAHEAE T, LA pUBTI0 NaRIAE fR kA
i ER N FP R VR R W IR B M

6+ MRARBCRE KR 1~5 AE— Bk W B A RS S 2R AT B, URFEAE T, DL pADI123 AFRIAE
WRIEFTR A KEBRLEEHA PonA. A BEF R AEH PonA G, ABC B2
HH OppA HifE 5 IKILEE SppA.

7« MRAE PR SRAR Y SRR 1~6 £ PR (W B A SO A R, HRHETE T, PTR 1)
AN AR B I H B B T Pampo BT RIA

8+ IRIEAURIERARME AR R 1~7 AE— Pk (ARG R SF A B, HRHEZE T, ik A
REERLEEGEN PonA. A REBERESHEN PonA HEK. ABC BEFIZE N OppA 55

%Ekﬂtg SppA ﬁﬁf)ﬁ ijj% Pglv EZE ijj% PHp(lI[ i#_?jji%ji °
13
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9. MRAE BRI E R 1~8 4F— Bk (W E AL AU 1R, HRHIEAE T, 78 3 Q4B AL pT
SCK6.

10, —Fpiemih AT P EH R RSN, HRHEE T, ks
HAE AN IR RIAFHFF R A BHERE GHE PonA, A KHERLE G E PonA #5
. ABC 1212 | 4 OppA 315 5 IEIKER SppA.

11, RIBEACFIER 10 BTk 7vE, HAHMEE T, FrdfEHE e, -
I U8 K9 i B M S R

12, MREERIZ R 11 TR R J7iE, HAFEAET, L pUBT10 Jy3RIA £ 43R 08 iy i e by
W IR B B R S A

13 IRIEAFIER 10~12 PR @)%, HARHELE T, DL pADI123 NRAEARF LR
B ARFFERGGEN PonA, A BFEHF R HE PonA HIK. ABC BEHIEHE T OppA
BA5 F IRIKES SppA.

14, MEARIER | Jrid i S 2E i i A B vk, HAEHEAE T, Bk i s
B OF AL B T 5 N G 5 2 AH T 1 P R R G A 1 R R T R TR s T IR G 8 i PR 2 R
5 A BFHEREGEA PonA, A BFEHF R HE PonA HEIR. ABC BIEHIEHE T OppA
o f5 5 BRIKEE SppA HIgRILFEA .

15 ARFERCRIER 14 B 755, HFFEE T, Tk A BFEHFRE G HEE PonA M4HS
FFEA SEQ ID NO.11~SEQ ID NO.15 {F— i = I H B F 1.

16 ARIERCAIER 14 BTk 77, HFEE T, Ik A BEH R L5511 PonA Bk
4B %R B4 SEQ ID NO.16~SEQ ID NO.20 f£— iR ER 41

17 BCAIEESR 1~9 47— W 3 20 A B 28 AT B 7 A 7 e L Ve K L T U o R BT
FrARE IR H

18 WRIBACFIZER 17 Bk T, FRHEE T, BTk B A 24 BTk o 20 o 7 R T o
Hrsgr— BRI ], WO RIRIER IS HiR e e R 1 .

19, ARIERHIER 17 58018 Frik ity yvk, HAMEAE T, RPN T T4 e

20 FORIZER 1~9 AT — Frik 3 21 Al 25 27 F A B ORI 23R 10~19 (E— ik 7 VA 7R B
(RN ) N IY R ik e Sl T AT VA

14
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INTERNATIONAL SEARCH REPORT International application No.
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A.

CLASSIFICATION OF SUBJECT MATTER

CI12N 1/21(2006.01)i; CO7K 14/32(2006.01)i; C12N 9/56(2006.01)i; CI12N 15/75(2006.01)i; C12N 15/67(2006.01)i;
C12N 9/90(2006.01)i; CI12N 9/26(2006.01)i; CI12R 1/125(2006.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: CI12N CO7K C12R

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, DWPIL, CNTXT, USTXT, EPTXT, WOTXT, JPTXT, CNKI, Web of Science, /3 /7 5UBME R4, Wanfang

Data Search System, pubmed, patentics, H'[E & F|&9)FF#R RZ45, China Patent Biological Sequence Search System,

GENBANK, STN: SEQ ID NOs: 1-5 and 11-15, /5 F ZE /T 5, bacillus subtilis, B. subtilis, PonA, AR FEBELE 5HEH, /MNE
wH, FEEA, INREE, foreign protein, exogenous protein, FTisE, RikKF, T a, production, yield, expression level,
Ik, R, KHRE, TEE VTR A

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X ZHU, X.Y. et al. "Overexpression of the Class A Penicillin-binding Protein PonA in Bacillus 1 (in part), 4-14 (in
Improves Recombinant Protein Production” part), 17-20 (in part)

Bioresource Technology, Vol. vol. 383, 20 May 2023 (2023-05-20), 1-9
abstract, page 1, right-hand column, paragraph 1, page 2, left-hand column, paragraph 3,
and right-hand column, paragraphs 2-4, page 4, right-hand column, paragraphs 1-3, and
page 7, right-hand column, paragraph 2

Y ZHU, X.Y. et al. "Overexpression of the Class A Penicillin-binding Protein PonA in Bacillus 2, 4-9 (in part),
Improves Recombinant Protein Production” 15, 17-20 (in part)
Bioresource Technology, Vol. vol. 383, 20 May 2023 (2023-05-20), 1-9
abstract, page 1, right-hand column, paragraph 1, page 2, left-hand column, paragraph 3,
and right-hand column, paragraphs 2-4, page 4, right-hand column, paragraphs 1-3, and
page 7, right-hand column, paragraph 2

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family
«p>” document published prior to the international filing date but later than
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
05 February 2024 18 February 2024
Name and mailing address of the [SA/CN Authorized officer
China National Intellectual Property Administration (ISA/
CN)
China No. 6, Xitucheng Road, Jimenqiao, Haidian District,
Beijing 100088

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

claims 1-31

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y KABISCH, J. et al. "Accession: AGG61627.1" 2, 4-9 (in part),
GenBank, 30 January 2014 (2014-01-30), 15, 17-20 (in part)
sequences
Y REY, M.W. et al. "Accession: AAU23893.1" 2, 4-9 (in part),
GenBank, 31 January 2014 (2014-01-31), 15, 17-20 (in part)
sequences
Y ZHANG, G. et al. "Accession: AEB23343.1" 2, 4-9 (in part),
GenBank, 31 January 2014 (2014-01-31), 15, 17-20 (in part)
sequences
Y EPPINGER, M. et al. "Accession: ADF38244.1" 2, 4-9 (in part),
GenBank, 16 January 2015 (2015-01-16), 15, 17-20 (in part)
sequences
Y KAUNIETIS, A. et al. "Accession: KZM53995.1" 2, 4-9 (in part),
GenBank, 10 September 2019 (2019-09-10), 15, 17-20 (in part)
sequences
PX CN 116656588 A (JIANGNAN UNIVERSITY) 29 August 2023 (2023-08-29) 1 (in part), 2, 4-14 (in
claims 1-21 part), 15, 17-20 (in part)
A CN 112553134 A (JIANGNAN UNIVERSITY) 26 March 2021 (2021-03-26) 1 (in part), 2, 4-14 (in
claims 1-10 part), 15, 17-20 (in part)
A US 2011117598 Al (DANISCO US INC.) 19 May 2011 (2011-05-19) 1 (in part), 2, 4-14 (in

part), 15, 17-20 (in part)

Form PCT/ISA/210 (second sheet) (July 2022)
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13zer.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the international
application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Invention 1: the technical solutions of claims 1, 4-14 and 17-20 involving a class A penicillin-binding protein PonA,
and claims 2 and 15.

Invention 2: the technical solutions of claims 1, 4-14 and 17-20 involving a class A penicillin-binding protein
truncation DcPonA, and claims 3 and 16.

Invention 3: the technical solutions of claims 1, 4-14 and 17-20 involving ATP-binding cassette transporter OppA.
Invention 4: the technical solutions of claims 1, 4-14 and 17-20 involving signal peptide peptidase SppA.

The same technical feature among inventions 1-4 is: recombinant Bacillus subtilis which expresses foreign proteins,
which is common general knowledge in the art. Therefore, inventions 1-4 described above do not have a same or
corresponding special technical feature, and thus do not comply with PCT Rule 13.2.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: the technical solutions of claims 1, 4-14 and 17-
20 involving a class A penicillin-binding protein PonA, and claims 2 and 15.

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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