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The expression and secretion of human lactoferrin in
Bacillus subtilis

ZHANG Yutingz, LI Yangz, wuU Yaokangl’z, LIU Yanfengl’z, LI Jianghual’z, DU Guochengl’z,
LV Xueqin"?, LIU Long"**

1 Key Laboratory of Sugar Chemistry and Biotechnology, Ministry of Education, Jiangnan University,
Wuxi 214122, Jiangsu, China
2 Science Center for Future Foods, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Human lactoferrin (HLF), an essential nutrient found in breast milk, possesses
antibacterial, anti-inflammatory, and immune-enhancing properties. In this study, the effects of three
constitutive promoters (P21, P43, and Pyeg) and three inducible promoters (Pgrac100, Pxyia, and Pieg+) on
the expression of HLF were compared using Bacillus subtilis G601 as the host strain. The results
showed that the highest expression of HLF, reaching 651.57 pg/L, was achieved when regulated
by the P+ promoter. Furthermore, the combinational optimization of ribosome binding site (RBS)
and signal peptides was investigated, and the optimal combination of RBS6 and SPyycp resulted in
increased HLF expression to 1 099.87 pg/L, with 498.68 ng/L being secreted extracellularly. To
further enhance HLF secretion, the metal cations-related gene ditD was knocked out, leading to an
extracellular HLF level of 637.28 ng/L. This study successfully demonstrated the secretory
expression of HLF in B. subtilis through the selection and optimization of expression elements,
laying the foundation for the development of efficient B. subtilis cell factories for lactoprotein
synthesis.

Keywords: lactoferrin; Bacillus subtilis; ribosome binding site (RBS)-signal peptide screening;
secretion expression

T SEE HLF B RAH AT LT X,

H HT 2 4 HLF 520 %35 A S 38 o an
Jiang ZEMWfd A pPICOK 7 5e kB &k
T HLF, HORH W B/ H R G857 B 18 &

L%k % 1 (lactoferrin, LF)J&—FhIEiMmer £
BREEGEEN, FEMWILSAEnA . I,
AR R FLIR - R A . A EERL A,
HENTE, ASEILSEARSEWN

15%-20%"2, LF HAPIE . HR LIRS EL)
U S SR RE , AIVE DN B B SR e AR TS 0
BN B4 LB & S LR, FE R s AR
fil dh AR A 2 T A, HEr, T bR
WABRY LF 320k A 07 B3R, B4 14 kg
B4 HEESRE 1 g B9 LF, WiARE & JFHA
JE LF 5 AN FL&E 1 (human lactoferrin, HLF)7E
S5 KR RIS 1 S5 T A ) S ) 22 S

it FH Bk B IR S o PR I A A ) At
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TR A R S I BUEE 2 HLF BRIk K
Vo (HHECH GBI, A —E LR,
i B 2E H0 AT 1 (Bacil lus subtilis) & —Fh £ il 264>
REk, BABLEREW . A RKEEHR. T
WEER G RErE, 9 2 HF &Rl 5
A8 A0 Tk A= 7= 78 B. subtilis 3£k 5
IR R DU AE R 3 . MRS &
Ji.(ribosome binding site, RBS) . {55 k&£ IATT
1 B 15 AP AR DA B 2k ik PEAR 2R 1 38 o 2 1
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AT B 5 I AR (B SCHRFE W] HLF X1 B. subtilis
HA WM E TS, 78 B. subtilis H 535 £k
HLF 2% 40 it A K 3 B4 K A5 il o B it 22 4h
HLF 7£ B. subtilis HAR¥ESC B i 2R3k, H T
FHEZ A HLF #50 F Be oy b Rk e,
fif 45 )¢ T 4K HLF 7£ B. subtilis 14336351
H2 ik .

PR T & T 5T CRISPR/Cpfl £
SE R gt 5 R R 50 T HAH CAMERS-BY, il
L HAE T MEASME FT R RIE AR B, subtilis
G600 Fl G601, ZE L LA b, AHFFT 1 e 1 B
T 3 PG B (Por. Pag Al Pueg)Fl 3 FiF5
FRYE B F (Pgracioo« Pxyia Fll Prer )X HLF 2K &
FgEfr ik, It Western blotting F1EFEC %
PEW [t 5256 (enzyme linked immunosorbent assay,
ELISA)#E Tt 5 mabr, R ER, 5T
TS Bl F AT SR AE K5 HLF Rk R (R IE,
PE@ HLF (1776, Hp P8R ey, {H HLF
FEAER TN, KA RBS-H SR AGHAM
eIk, WINERAS T RBSMMAERIA HLF /) RBS-15
‘FHK4L G RBS6-SPyyep; ULAM, ABFFEXS csaA.
hrcA. ditD S EAR 8 A DCHE R R 7 id Rk 5k
R, HoP ditD BB R ER KRR T bR
HLF A0 =i o AHICHFIE iR ik e 18 3
FE W B. subtilis 4 T.) MM IR T —2
57,

1 MHET%

1.1 w3

1.1.1  EHRFASRAL

WS IS TR PR . BORLANER 1 B .
ERE

LB }i 97 5 (g/L): NaCl10.00, BEEEEEEY)

5.00, JEEE M 10.00.

1.1.2

&: 010-64807509

TB 5575k (g/L): BEBHEHU) 24.00, &N
W4 12.00, Hh 5.05, KH,PO, 2.31, K,HPO,-3H,0
12.54,

YN Higrdk(g/L): BRI 7.00, EIF
1% 18.00,
1.1.3  EZEiRFH

PrimeSTAR® Max DNA Polymerase #
Rapid Taq Master Mix g T 5 W) TRE(RE) A
B w2 . ek sz 2 A% R A&
HLF-ELISA 5 & W 748 T A% TR (F i)
JBe A A R vl o
1.2 A&
1.2.1 EEFEFFIF519E K

HLF [ (GenBank % 5¢*5: NP_002334.2)
LR J 4 FH 5 1 400 (3 2) 34 iy 755 N <6 M 28 A= W) )
HoA BRA /AT A
122 REFKRGE

ARSI AT FH SCHR [ 7107 B 1 5L K g R 52
XFRARIEAT SR g, R RSt 2 Ak
pHT-XCR6 Fil pcrF19NM2 41 %, Jfiki pHT-XCR6
1 Cpfl Fik# A& ; UKL pcrF19NM2 5 crRNA
PR, I H DR [R] IS AR A A H
HF PR IEA X & A mCherry K, HF
J AT, HAE B. subtilis o R BORL, 7E
37 °CLA_ b33 Joidi &
1.2.3 EFHRNE

FIRTORAGEE . A3 ORI A . SRR
BV KA 847 R A % =X 5 v (polymerase
chain reaction, PCR)f5 2| 1L A Bt , 2 J5 k]
HA R 50 BERG (L = RAYH AR KA
AR EDIAT FBOE S, SIS iRk
KA (Escherichia coli) DHSo &2 2%, Jfi&
G EDIALOE 7 o o TN W = P TR SN B B
2 TAEY TR () A R w1, 4
JPIER BB P ORGSR, IR RIE A R .
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Table 1  Strains and plasmids used in this study
Strains and plasmids Descriptions Sources
Escherichia coli DH5a Wild-type strain Lab store
G601 Bacillus subtilis 168 derivate, Aepr::XyIR-Pyya-cOmKS AtrpC2::trpCO, Lab store
AgudB::gudB”, aprE’, nprE®, bpr’, mpr’, nprB’
pHT-XCR6 ColE1 Amp’, RepA Cm', XyIR-P,ya-FnCpf1-NgAgo Lab store
pcrF19NM2 ColEl, pE194ts Kan', E. coli and B. subtilis shuttle carrier, crRNA and Lab store
gene-edited or knockout frame vectors
pHTO1 Expression vector Lab store
pHT-SP-sfGFP pHTO1 with signal peptide insertion site linked with sfGFP Lab store
pHT-Py;-stGFP pHTO1 with promoter P;; linked with sfGFP Lab store
pHT-P43-sfGFP pHTO1 with promoter P43 linked with sfGFP Lab store
pHT-Pyeq-sfGFP pHTO1 with promoter Pyeq linked with sfGFP Lab store
PHT-Pgac100-sfGFP pHTO1 with promoter Py ac100 linked with sfGFP Lab store
pHT-Pyg»-stGFP pHTO1 with promoter Py linked with sfGFP Lab store
pHT-Pyya-sfGFP pHTO1 with promoter Pyy 4 linked with sfGFP Lab store
pHT-P2-RBS-SP-HLF-sfGFP pHTO1 with promoter Py; linked with HLF-sfGFP, used for RBS-SP screening Lab store
pHT-P,-HLF pHTO1 with promoter Py, linked with HLF This study
pHT-P43-HLF pHTO1 with promoter P,3 linked with HLF This study
pHT-Pyeg-HLF pHTO1 with promoter Pyeq linked with HLF This study
pHT-Pyraci00-HLF pHTO1 with promoter Py ac100 linked with HLF This study
pHT-Pe--HLF pHTO1 with promoter P linked with HLF This study
pHT-Pyya-HLF pHTO1 with promoter Pyya linked with HLF This study
pHT-P5;-RBS1-SPgyqoHLF pHTO1 with promoter P51, RBS1 and SPgyq g linked with HLF This study
pHT-P,,-RBS2-SPy,itHLF pHTO1 with promoter P;, RBS2 and SPy,t linked with HLF This study
pHT-P,;-RBS3-SPy nHLF pHTO1 with promoter P»;, RBS3 and SPypa linked with HLF This study
pHT-P,;-RBS4-SPyp nHLF pHTO1 with promoter Py, RBS4 and SPyp 4 linked with HLF This study
pHT-P»-RBS5-SPy,ouHLF pHTO1 with promoter P»;, RBS5 and SPy,y linked with HLF This study
pHT-P»-RBS6-SPyycpHLF pHTO1 with promoter P»;, RBS6 and SPyyp linked with HLF This study
pHT-Pe»-RBS6-SPyycpHLF pHTO1 with promoter P+, RBS6and SPyycp linked with HLF This study
PHT-P21-SPy-sfGFP pHTO1 with promoter P»;, SPyy linked with sfGFP Lab store
pHT-Py1-SPpigc-sfGFP pHTO1 with promoter P,;, SPyigc linked with sfGFP Lab store

RBS-f5 5 MK EH 41 5ok SCPEF 2L« o HLF &
[P 9132 2 81 0 3 Sk 753 B AR R, pHT-Pos-
RBS-SP-HLF-sfGFP, iZJiif: % i J 3l Pay.
2 4~ Eco31 IEF)(GGTCTC)v &5 . HLF-sfGFP fif
HEAKN . ZHFMPUEIE (Amp®, Cm®)Hy
B F 7 RBS U, A RBS (AAGGAGATATACC)
WIhs RBS, {1 If514% RBS-F 5 RBS-R,
Pisifin b Eco31 IRV 5 JF 41 RBS IRA
JE(MAGGMRGWATCAC), 1Z A 16 A
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ANRIFE SRR FEER RBS; A5 S IRALE SU%, 15
Signal Peptide Website H T %k B. subtilis ¥ 173 4~
Sec IBRIEFIK, BEITH I PIFE(E 5 IR BaMi
I Eco31 IgYINLEL, AL s i B s i
RARAHE FICE s i H Golden Gate Jik
(3 3V AT R pHT-P2-RBS-SP-HLF-sfGFP |
RBS SCERE 5 IKSCE AT iE #2307k E. coli
DHS5a 47 BURSCPERIY 1, ZJ5 M E. coli DH5a
H B IR B TR ST
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Table 2 Primers used in this study

Primer names Primer sequence (5'—3") Size (bp)
HLF-pHT-F AAAGAAAGGAGGTTTATTTTATGAAACTGGTTTTTCTGGTTCTG 44
HLF-pHT-R TAATGATGGTGATGGTGATGTTTTCTCAGAAATTCGCATGCTTC 44
pHT-6HIS-LiF CATCACCATCACCATCATTAACTGCAGGTCGACGTCCCC 39
pHT-6HIS-LiR AAAATAAACCTCCTTTCTTTTACTTACCC 29
pHT-GIiF AGTGATAGCGGTACCCTCG 19
pHT-GliR ACTAGTATAAAAAACGCCCGGC 22
pHT-sfGFP-liF CTGCAGGTCGACGTCCCC 18
pHT-sfGFP-liR AAAATAAACCTCCTTTCTTTTACTTACCCTCTATTAAACAAAATTATTTGTAGA 54
HLF-SP-F TTCCACGTGGATCCGTCGATATGAAACTGGTTTTTCTGGTTCTG 44
HLF-SP-R CTGCCGCCACCGCCGCTTCCATGATGGTGATGGTGATGTTTTC 43
pHT-SGP-LiF CTGCAGGTCGACGTCCCC 18
pHT-SGP-LiR GCATAAAATCCCCTTTCATTCTAGAGC 27
pHT-SP-LiF GGAAGCGGCGGTGGCGGC 18
pHT-SP-LiR ATCGACGGATCCACGTGGAA 20
CR-hrcA-R AATTTCTGTAAAGAAGGTGAATCCGTT 27
CR-hrcA-F AGATAACGGATTCACCTTCTTTACAGA 27
hrcA-F TGGCCAGTGCCTCTAGAGTCGCTTTTGACAAGTCCGAAGTCA 42
hrcA-R GTTCGTAACAGGTCGACTCTAGCTGATGGATATGATCAACCG 42
hrcAO-F AGCTAACGTTATGTTTACATCATCATCACCTCTGTTAGCAC 41
hrcA0-R TGATGTAAACATAACGTTAGCTGCTGATCCTTCAGGTTATAATCAAC 47
CR-csaA-F AGATGAGATATACAATATTCTTTTAAC 27
CR-csaA-R AATTGTTAAAAGAATATTGTATATCTC 27
csaA-DF AAAGAAAGGAGGTTTATTTTATGGCAGTTATTGATGACTTTGAG 44
csaA-DR GTTCGTAACAGGTCGACTCTTATGTTTATCCAAATAATTAGATCTCTTTTCTAGG 55
csaA-UF TGGCCAGTGCCTCTAGAGTCTTCTTTATATGGAAAAATCGGCTTTTCG 48
csaA-UR AAAATCCCCTTTCATTCTAGTCATTTTTTATCCGAATATAAGGTGTTTCGATA 53
CR-dItD-F AGATTTCTATTCGCAGGCGCCATCGCA 27
CR-dItD-R AATTTGCGATGGCGCCTGCGAATAGAA 27
dItD-F TGGCCAGTGCCTCTAGAGTCGGTTTCCTGTATAAATTTATTATCGGCTAC 50
ditD-R GTTCGTAACAGGTCGACTCTATGTGAAAATCGTTAGAACCGG 42
ditDO-F CCAATTATTTTGGCGTAAATTTAATTCGCAGGCGCCATC 39
dIitDO-R GATGGCGCCTGCGAATTAAATTTACGCCAAAATAATTGGACCGAA 45
& 3 Golden Gate 2% 1.2.4 BEZ7/SYARE 551

Table 3 Golden Gate procedure E. coli Bz 45 . Fi2 BRI SE A5 4 it ) 4%
Serial number ”1;e7mperature (°C) T;me (min) RH G AT Ak A % i

AN L AW N =

16
37
50
80

4

Cyclesx60 from 1 to 2

5
60

30

&: 010-64807509

B. subtilis &3z A&l 55 . A i 1 M Rk
AT 2 mL YN 35908, 3080835, B 500 pL &of
WREFEATEHE 2 mL YN B335, FFANA 80 uL
500 g/L FIAHKE, 37 °CHiF% 2 h, ZJahm ALk
JE 10%0 H 1 OR8  553 75 B 150 pL #28)

B<: cjb@im.ac.cn
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F 2 mL YN ZJGHINAREES 2 h, $ilpURsz
BHEEEA,
1.2.5 HLF ®ixENE

¥ J SDS-PAGE Hil Western blotting 717 &
PES AT .

1) SDS-PAGE

i PR FIRES A4S B 1 mL & 12 000 r/min
B> 2 min, PBS EE4UfU)5, 12 000 r/min 55
L2 min, BXE 2%, 1 mL PBS EH&, 4HjiE
WeWESGHA TS, BF 8 20 min, TAE 4 s, [H
B 2 s. BERRSERLT—20 °C# . MAMNE AR S,
#45: B 1 mL, 12 000 r/min %.0> 2 min, ¥ |
TH o B 60 pL il #5 47 AL AL, i 20 pL 4xSDS
FESRZ IR G 35), Z)5H 8 8 F 99 °C
Jn# 10 min; [ TR (R R HERBHL 2 H))
AL 15 pL B AL PRI, 20U, K
JERUEAE 120V, HLPK 90 min; B BE A7
BaT, IMAERENE S R, IR
MHEFER S, Yeft 30-60 min, 2 Jeks L) [al
e, IAIE KB, BERE 30 min B R—
K, EE 2-3 R, ZEdmbia, HERR %
T AT UL o R IR TR R A |, MR,
g5
2) Western blotting
e ESCHR 9] i I vk A 7 7 i

sTGFP % Yt 46 )

4 sfGFP H4H RIKWMRTE LB H5 R skrh o
7% 10 h, DL 1% LL@il4eRh T 200 uL LB 9 96 fL
Moo ZEFLAER IR F LA 750 r/min, 37 °CIFH .
TEA[) I ) SR sfGFP 9895 ODggoo 9¢
SER I S5 (8 kO 480 nm; R 5% 516 nm),
T ODgoo (600 nm AW SEREE(E), (1)
THE AR 2t B, HERREE R AT 5t OD
(ODw,) Al & A %< Ot 2 11 3R 35 1Y 18 bk 10 1 53¢
5 6 (FPry) o

1.2.6
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(FP) _ FP-FR, W
OD corrected - OD _ODbg

1.2.7 BUESHAZE

PRI E R 2/ 3 Ik, BdE LS+
PREZMIE R R . SR t K A R 3Ry 22
SIRTXTGETT A B 22 K TN . e ROR
P<0.05, “** /R P<0.01,

2 HEREGAM

2.1 £ HLF MEHREFFREMLML
KT B 4K HLF SR EER, 1k
HLF A 55 K 2 41 #2 B8 B. subtilis Y 25 51 f-:
WAL IRAE C Shn b 6xHis #r%5 . LA pHTOL
RS, WS B. subtilis s % 4 R
58 A 31 F Par. Pag Fll Pueg #5E HLF (1) 3R 1K 5T kE
(Bl 1A), FRIGFHE L FR IR TR pHT-Po-HLF | pHT-
P;-HLF #ll pHT-Pyeg-HLF, 4 34 3 ANEZH KA
ROFNZS ok pHTO1 43155 A B. subtilis G601
o RIS B F Ak G601-Poy-HLF .G601-P,45-HLF |
G601-Pyeg-HLF Fl G601-pHTO1 . X3k #6 B pk itk
IR e, BEBUKEERTEIh 24 h BOFEShEFT
Western blotting ok, Q& 1B s, AHELT XS
WG MR, B2 R IR IK T RTE 70 kDa Ze 47 M I
RS A, HHPE R G601-Py-HLF AHHLFH
LG A TRAR Y 235 By o RFRIAR G601-Poy-HLF
AN[REs ] %) 2 T it i2EA T Western blotting 35,
25K, K12 h B, HLF =i (K 10).
Y W1t HLF 1y3Ri64, fdif] HLF &Y ELISA i
Fl ety &, 76 12h i, EARE Geol-
P2-HLF .G601-Ps-HLF F1 G601-Pyeg-HLF 1)) HLF
FiR Ak 52.09, 15.30, 15.10 pug/L (A 1D).
SRR B K R IA A e N1 40
A B R T e 4 A A R4S, TRl , HLF
Xif 2% PG PR B LA — M T 1 1T A
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A ik o Y\@\ 33‘ *c\\fc k\\g
A 3 w3 e
A\ C)b Gb C)b }i\(‘)‘
* 75 kDa

_ o5
pHTO] C OF @ 0™ P v W
=
nloire o e SR = a --3 B 75 kDa
""""""""""""" e 60KkDa
n —25— GO 1-P, ~HLF
== "}0 H
— @ G601-P,,-HLF
% wl 25t 0O G601-P,, -HLF
= s 20
5 o
5 o L
z 15
= 20+
CO— 0
5 L
[ = 1 L 1 1 L
0 PN B« < e+ ﬁL' 17 24 24 a8 AN

1 HLFARREIRIE A EAFRAAERERK. B Ml C: Western blotting A5 AS [F] 2H 1% 7 5 86+ LA
LA TR R TRDGE HLF B350, D: ELISA 330 GRS A [RIZH ORLS 8 7% HLF = i AY520R. E: HLF
PR RRAE K IR . ** 32K P<0.01

Figure 1 Constitutive expression of HLF. A: Schematic of the construction plasmid. B, C: Effects of
different constitutive promoters and fermentation time on HLF production detected by Western blotting. D:

Effects of different promoters on HLF production detected by ELISA kit. E: Effect of HLF expression using
different promoters on cell growth. ** indicate P<0.01.

WFFEE AL RTE ODgoo MIMOGIEXTRMERIAER A, P REMIFEFAUS ST Pgacioo. Pxyia
TEOLHEATINE o S5 R WoR, AHET X Rk, il P AT HLF 35, 435 i 55 4 2 -B-D-fit
ZH 7Y F2 35 HLF B AR ODgoo TELFFEAIR T 30%—50% 4R 2} ZL A (isopropyl-beta-D-thiogalactopyranoside,

(K 1E), vil] HLF FIRF BT AN AERKAEAE  IPTG). ABEHINE /K O34 2K (anhydrotetracycline,
BRI HIVE R . O TU55 HLF RiBX kAR aTo) 7T . LItk 7% 5 8 %k ik

&: 010-64807509 B<: cjb@im.ac.cn
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PHT-Pyc100-HLF . pHT-Pyya-HLF Fl pHT-Pig--HLF,
WX 3 PMRIBEMS R LR R Gool, 153k
FEI K G601-Pgracioo-HLF .G601-Pyyia-HLF 1 G601-
Pu-HLF ., X PR RSEAT R B, JF7E 6 h
BHA I S90S 12 h X bk AR EOR B TG
W, e 2A FR, TS REE R, T4 R
BRI BB ARE . HE—2 X R e A T
ELISA E #4537, G601-Pgracioo-HLF . G601-Pyyia-
HLF Fl G601-P--HLF ) HLF Fiki05%1N
245.62. 446.12 F11 651.57 ug/L, LT G601-
P,-HLF AR AR T T 4.72. 8.56 F1 12.51 £i%
(& 2B), VLI5S 3 B0 1 AT LAZEfi% HLF
IRV AR A K RS2, $& % HLF 7 6, H
H P BK3f) HLF 335 BRSCR T
2.2 RBS-ESRESTHERI HLF 5
Fixk

HRETE &It & T 2R (55 ikl RBS
T HAE 1, Li 3 T RBS FIE 5K &

301 ;1 —@G601-P,,,HLF
2| \&\ 0O G601-P,,.-HLF
<20 N
Q\&
S 15t
10+
Al
A 1 Il 1
0&’ 12 24 36 48 60

45 40 5 1AL (systemic combinatorial optimization
of ribosome binding site equipped with signal
peptide, SCORES)Jy %) HAr#E 1A fi RBS
FE S R T A0 E, FFAEE TA% 2 768 B
& RBS-fi S IR A 30 4 T 528 HLF /Y&
ROy bdeik, EHek M T A EE 31 P K
7 SO O 8, 4 O U8 BRL pHT-Po;-RBS-
SP-HLF-sfGFP, K4 £ 7 ft) i 15 S 28 filE FiT 3t =X
AP AR BEAT R0 , 4 T 1 Ok A T R A2l
96 fLAIESR, 12 h Ja i EFR ORI 35 et
SRIE, HIEHIILE 200-600 au.Z A& 3A),
MAHEE 6 DUOCIHE R Rk, FRBUTRL,
308 3 I R A5 S Rl 2 1 3RS BORL T Y E 5 ik
L RBS 741, #5534k 4 FioR, Ho RBS6 il
SPyyep 20 G 9O AL

KA 2115 5 Mo RBS 414 0 i+ HLF
(73 Mh 3K IF BEAT R, ORI R DL K A
MW REBCR ] ELISA Ik gt AT BiiE . 45 R an

600

*E

400 +

HLF titer (pg/L)

N < < <
, & » P s »

2 HLFiERERIE  A: FSARIK HLF XA KRN, B: ELISA 1280 SRl A [ 75 5 1
JA B T H Bk G601-pHTO1, G601-Pgracio0-HLF . G601-Pyya-HLF Fl G601-Pieys-HLF [ HLF = 8. **3F R

P<0.01
Figure 2

Inducible expression of HLF. A: The growth cell of HLF expressing strains driven by different

inducible promoters. B: The production of strains G601-pHTO01, G601-Pgyaci00-HLF, G601-Pyya-HLF, and
G601-Piex-HLF detected by ELISA kit. ** indicate P<0.01.

http://journals.im.ac.cn/cjben
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RBS library Signal peptides library HLF

TAACTACATAAATMAGGI
ATTGATGTATTTAKTCC

TCAC
GTG DN

96-well plate

F‘luorescence screening = 40} '
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Pk HLF ;7. C: %S W HE Pk G601-Piers-RBS6-SPyypHLF ) HLF j= . **# /R P<0.01

Figure 3 Combinational screening of RBS and signal peptides for HLF expression. A: Library construction
and screening of RBS and signal peptide. B: The HLF titers of strains with different RBS and signal peptides.
C: The HLF titer of strain G601-P+-RBS6-SPyycpHLF. ** indicate P<0.01.
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Kl 3B #1345 R, SRNG5S BRAY R PRAE 1L,
T ANFEE S BEF RBS 4419 HLF £k
JiN HLF R93RiA T B 255, {H HLF B3R
HEEREFREN 1.98-2.06 %, HA Kk
G601-P2-RBS6-SPy,eHLF [ HLF j= g , A
107.17 pg/L, Hrp oy itk 51.63 ng/L. _Fik4h
RKW], SCORES Jiknl{gif HLF 15k,

¥ RBS6-SPyyep 2H 5 i RIS FRINBEUA, 4R
3R pHT-Pi--RBS6-SPypHLF, %A G601 J&i

4 fFEH A RBS FESAK
Table 4 Screened signal peptides and RBS sequences
by flow cytometry

Serial ~ Fluorescence RBS The name

number value (a.u.) of signal
peptides

1 326 CAGGAAGAATCAC spallQ

2 336 AAGGAGGTATCAC yxiT

3 348 AAGGAGGAATCAC ypuA

4 375 AAGGAGGAATCAC wprA

5 407 CAGGAGGAATCAC yncM

6 515 AAGGAGGAATCAC yycP

x5 [EARESHKE HLF =8
Table 5 HLF titers of strains containing different
signal peptides

Sample name Intracellular Supernatant Total HLF

HLF titer HLF titer titer
(ng/L) (ng/L) (ng/L)
G601-P,,-HLF 48.90 3.17 52.09
G601-P,,-RBS1- 52.26 51.06 103.32
SPeoioHLF
G601-P»;-RBS2- 53.21 51.53 104.74
SP,,tHLF
G601-P»1-RBS3- 52.03 51.05 103.08
SP,AHLF
G601-P,,-RBS4- 53.65 51.11 104.76
SPypAHLF
G601-P,-RBS5- 54.09 51.49 105.58
SPynewHLE
G601-P,1-RBS6- 55.54 51.63 107.17
SP,,pHLF
G601-Pe--RBS6- 601.19 498.68 1 099.87
SP,,.eHLF

http://journals.im.ac.cn/cjben

IRFFTRIR G601-Pier--RBS6-SPyypHLF o #ELA L
SRR, KPR HLF (53007 50 498.68 pg/L,
AN 1099.87 ng/L (K 3C FiEk 5),

23 EREMEXEEBUERFE HLF 50
Fixk

G3F AR AT DATE 2R 1 43 0 2ok A% v Ay Bl Ay
B FNBEHC , kG PR R AT B 56 4 15 28 11 A i o
[Kitt, B. subtilis Hr 20 FiAR 19 23K i RGP 2
SRR A R R R R Tk
PEE HLF M3k, XTIy i PR 8 3k
HEFT IR

csaA J&t B. subtilis i— i3, Hnl
DI BT B S T AR e
csaA FEK YR s R s IR 31 Poy (8] 4A),
X} csaA BER ATk Rk, 1R BIE R G6csaA, LU
WA A S K SEFGFP (P21-SPhige/SPrpr-sfGFP)
KRAE, KA A EME S AR R IE kL pHT-
P;1-SPhige-SfGFP Hl pHT-Pyy-SP-sfGFP, L%
A5 A Rk Tk pHT-Pyy-sfGFP 43 5l 54
A Gé6esaA Fl G601 H, HUAS [F] & B Bsf [) it A
i, X LR AR T RO GAE A TR I o 45 R 4n
Kl 4B Fin, MR E, 14385 csaA XF
ANFE 5 KB 5 10 R 4058 S 88 11 AR 1E 43 I 3K
RIEARMIE, T SPrpr, 1235 csaA [ HEH
P EARTE T 55.9%. BXS T SPhigc, i3k csaA
S DR SAE FL A 1A WA R REAIR T 7.0%

ZJa . X hreA SEREAT JE S 58 ARAS B PR Ak
G6hrcAO (8] 4A), HrcA M 7 5¢iH%E groESL
FRO\TFFN dnaK 90+, T groESL #244 F Al dnaK
BT TGRS RN T8 GroES/GroEL Al
DnaK/DnaJ, 4 hrcA FERELFERT, 2 M F
JIT & B 19 431 P A5 U T 35 4 4 B 78 3 ik 1710
LA ARG S BKEY) STGFP (P21-SPhigc/SP - SfGFP)
NFERAE, LA G601 kAR, 4R B, T
X 7% hreA 15 sfGFP JLF- A 235 (E 4B),
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HLF ;= X7 He. ** 3R 78 P<0.01.

Figure 4 Promoting HLF expression through chassis strain modification. A: Schematic of gene editing
methods. B: Impacts of chassis strain modification on the expression of sfGFP guided by different signal
peptides. C: The production of strains G601-Pig+-RBS6-SPyycpHLF and G6dItD0-Pieg+-RBS6-SPyycpHLF

detected by ELISA kit. ** indicate P<0.01.

ditD Ay £ A 2 1 4 i g T AR S PR U7,
AT RS e PH 25 -7 25 18 - 5 200 ik R 3R 1T 19 25
G o AT ditD #4170 L RAR (K 4A), 133I5E
Pk G6dItDO, LI A A5 KA sfGFP (Py-
SPhigc/ SPmpr-sTGFP) A RAL, DL G601 P& #k Jy Xf
M, Z5R AR, ditD JC LR G6ditDO X

&: 010-64807509

T SPhigc Fll SPrpr 5157 B 4% (4,52 5 28 1 R A i iF
TR, W BRI T 46.5%F1
118.5% (¥l 4B). M\ KE, Jo X547 ditD %
PRI 2 53 WA SR B, 8 3 1 B A

¥ 2.3 Y T0RE pHT-Prgs-RBS6-SPyyoHLF 5% A
H R G601, G6dItDO, 75 %k G601-Pyge-
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RBS6-SPyypHLF Fll G6dItD0-Pyg:-RBS6-SPy,HLF,
AT R BERAIE , 7F7E 6 h A 4 pmol/L aTc X}i7
S FiTES . S50 A 4C FR, M
F G601-Pie:-RBS6-SPy,eHLF £, G6dItDO-Pig-
RBS6-SPy,pHLF 73" it i5 %] 637.28 ng/L, &
F T 27.80%, SEAFKREIRF 1307.21 pg/L,
FFAT 18.90%.

3 WAREER

B. subtilis /£y — M B TR, 9
Z AT REEAMA™ . HETHA A B. subtilis
3K HLF WAHCHRIE Z oy Bekik, IR A 4
1 HLF 7£ B. subtilis #7555 22 35 A G il .
i Jin 2RO B. subtilis F43 %4 LF A9 N -
M C Mgk T RilREs, H 4 LF-N HAE 10 L
K EERE | e 2.35 mg/L. WP BN SN E
FIBE IS B R G601, #EFf aTe iR RUG s F
P, SEBLT HLF 255404 K AR

B. subtilis 73 i Kt B9 25 I R RI M4, ALt
HAGHAZ/MWIRE, U4 MR (Sec
STIIEARE . Tat BKG A IRIBTE . ABC $512 8 147
W AR AR I 22 2 M A A AR, o 90% A iR
Fl L Sec iR ML EI AN M2 MLk 2R,
B2 HATEANBEETE B. subtilis H1 331k
A, WA 4R R 3 7E B. subtilis
H I EANAT 100 pg/LPY AHFSE R ] SCORE
JrE%E 16 F RBS #1173 Fh Sec H{5 5 kb 4T
HETE, 192585 W3RA HLF 1Y RBS-f5 %
K41 G RBS6-SPyycp, HMIZNSCHL T HLF (143
ik, MHN HLF #9775k 5 498.68 pg/L. {HIE
SEES AR R LB ) Sec 4ribiE R A REMR
I HbIE B HLF B3Rk, Ja22nl X2 A 1Y
55 BRI TR E B AR B R . A A DI S 4R
T, AL LAY A A A28 N — S 43 0 1 S5 TR AR
A BAFH B SR, a1 Wang S50 HIHE
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22 MLA3 WA AR B ) B PR W IR fL T PhoA T
HELHEEG BgaB /Wb EIMSL. L, JRZinlss
R AR £ MR AR 1T HLF B4Rk

Ak, B BT R R PR S U 4
WFIR I —A SRR, MENHMAEATEER
FERTZ R 3 W R A5G BRI . B. subtilis
AR & B A FE LN 93 7 1 45 (GroES/GroEL,
DnaK/Dnal). MuAMT£E18 (PrsA)P . 2 WA
FKHEH CsaA L& )EE N ditA-dIitE
A8 dlt # T (dItA-dItE) S S B i 2 A1 IS B
REMR BE AL S, AT LUE A 40 B E H far, DA
T 528 VK 40 L 3 ] Joit 2 [ /g B L g it 3R A 7
HP AT A — > K5 PR ) Sk B AR 23 R AR L D- TN 2 PR Bt
FARIE, SO MRE 7 f A AR L . Bl 7
HL g R B A 0, AR RE AT LSS & Z R PH S
T EHEF, WMVERIT SO IN T, S5
HE AW OGP &N ARFFEXT ditD 3R gk
I s, B2 E M GedIitDo, F HLF 23 ™
BT SR, 7EXT hreA JER TE LR AR5
FRATTREE B SRR 11 %) 5 R 3R 3k 1 KR AR
B HUASE AL . P SCERIGE , HreA B 0 i 2h
SRS, S FAMBR RS, B
R B R AT, 040 AR 0% B A b iE
I A RS AR AR AR RO 2T DR TR AT 4 I 5 4 2R
hrcA JLH, —J5 Tl S 20An B h ot B, FRAIR
YR A M, Dy — T THI AT e AN A A3 R
iRk, ANisgue H B8 s, B,
il hreASE DN iy 354G B T4 i B /Y8 A 2L
Al

g BTk, AW E e SRAKCEA T,
PEPE T 3 PP (Poy. Pag Fll Pueg) Fl 3 FliE R
BYJE B F (Pgracioo Puyia FIl Prer), 38 35 X bb H X
HLF ik 052m, % B8O MG 801 P
TEM LR -, Wi RBS A5 5 Ik4L& e iy )y
s, X HLF BEAsmb it ik, 15280884305
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WK HLF fIE R G601-Pigs-RBS6-SPyyoHLF
E— 20X N PR AR R P R R AT R AR, 153
ditD KRB Ak GedItDO, f#i45 HLF 23 ™=
WA E 637.28 ng/L. BANEARB SR
FEEA SN, vl HyE B. subtilis 41 1. &
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