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Abstract: Human lactoferrin is involved in various biological activities, such as antimicrobial, anti-inflammatory, and
anti-tumor activities, as well as immune regulation. Thus, it has broad application prospects in food, cosmetics, and feed
additives. However, the high cost of extracting lactoferrin from milk restricts its mass production and application. A potential
solution is to produce recombinant human lactoferrin (rhLF) by constructing a high-yield cell factory. In this study, the
promoter and signal peptide in the rhLF gene expression element were optimized, resulting in an almost four-fold increase
(from 215.00 to 849.52 mg/L) in total protein expression in the supernatant. Furthermore, thLF production was increased
by overexpressing protein secretion-promoting factors related to the rhLF production and secretion pathway and regulating
cellular stress response. After the redox state of yeast cells under production pressure was balanced by overexpressing Yapl

(which regulates the glutathione redox system) and Msn2 (which enhances oxidative tolerance), the total protein in the

3130
T F RIS RN FLBR R A B R B v 0 v R i TR (] B AT i BH,2025,41(5):79-88.
ZHANG lJiaxin, LIANG Shuli. Efficient secretory expression of recombinant human lactoferrin in Pichia pastoris [J].

Modern Food Science and Technology, 2025, 41(5): 79-88.

Wks B EA: 2024-03-30

E4WE: ERAAKANZESE LB (32272276)

EEEN: KEM (1999-), &, MEMRE, HRAHE: BEFSETIE, E-mail . 202120149458@mail.scut.edu.cn
BIER: REF (1985-), B, #t, HI%, HRHE: BFSEIIE, E-mail: shuli@scutedu.cn

79




MR B

Modern Food Science and Technology

2025, Vol.41, No.5

supernatant of rhLF-expressing strains increased from 849.52 mg/L to 1 055.68 mg/L. Finally, the target protein was semi-

quantified, showing an almost 4.8-fold increase (from 34.82 mg/L to 197.30 mg/L). In this study, the protein production

capacity of rhLF-expressing strains was greatly improved by combining various strategies, providing guidance for the

efficient secretory expression of thLF in Pichia pastoris.
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Fig.1 Human lactoferrin expression plasmid
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Table 1 Primers used in this study

Primers Sequence (57-3%)
Ost-F AAAACAACTAATTATTCGAACACGTGATGAGGCAGGTTTGGTTCTCTTGG
Ost-R TATGGTGATGGTGATGGTGATGATGGAATTCAGCTTCAGCCTCTCTTTTC
aCC-F ACAACTAATTATTCGAACACGTGATGAGATTCCCATCTATCTT
aCC-R TGGTGATGGTGATGGTGATGATGGAATTCAGCTTCAGCCTCTCTCTTCTC
oaopt-F AAAAAACAACTAATTATTCGAACACGTGATGAGATTTCCTTCAATTTTTA
oopt-R TATGGTGATGGTGATGGTGATGATGGAATTCAGCTTCAGCCTCTCTTTTC
New2-F TGATTACTTTGGCTGCTGCTGAATTCATGAAATTGGTTTTCTTGGTTTTGTTG
Ncw2-R GATCCTCTTCTGAGATGAGTTTTTGTTCTAGAAAGCTGGCGGCCGCTTACTTTCTCA
TY-BOXI1-F GTGAGACCTTCGTTTGTGCGAGATCTAACATCCAAAGACGAAAGGTTG

TY-BOX1-R CGCATTAAAGCTTATCGATGGATCCACTAGTCCTAGGTCTCACTTAATCTTCTGTAC
TY-BOX2-F GGATTTTGGTCATGAGATCAGATCTGATCTAACATCCAAAGACGAAAGGTTGAATG
TY-BOX2-R GTCATGGATCCACTAGTCCTAGGTCTCACTTAATCTTCTGTACTCTGAAGAGGAGTG
TY-BOX1-R CGCATTAAAGCTTATCGATGGATCCACTAGTCCTAGGTCTCACTTAATCTTCTGTAC
TY-BOX2-F GGATTTTGGTCATGAGATCAGATCTGATCTAACATCCAAAGACGAAAGGTTGAATG

V-Pgapz-1 GCGGCCGCCAGCTTGGGCCC
V-Pgapz-2 ATAGTTGTTCAATTGATTGA
F-ZWF1-1 ACAACTATTTCGAAACGAGGAATTCATGACCGATACGAAAGCCGTAGAA
F-ZWF1-2 TTGTTCGGGCCCAAGCTGGCGGCCGCTTACATCTTGTGCAGCACATCGG
F-GSH2-1 ACAACTATTTCGAAACGAGGAATTCATGACTGCACCAAAACCTCTTCC
F-GSH2-2 TTGTTCGGGCCCAAGCTGGCGGCCGCTTAGAAGAGATAAACACTGTCAA
F-PMP20-1 ACAACTATTTCGAAACGAGGAATTCATGTCAAGAAATTTTCAAACTGTTAAGAGAGGAGA
F-PMP20-2 TTGTTCGGGCCCAAGCTGGCGGCCGCTTACAACTTTGCTAGAACCCTGTCGG
F-SOL3-1 ACAACTATTTCGAAACGAGGAATTCATGGTACAAATCTATTCCTATGAACGATCTGATG
F-SOL3-2 TTGTTCGGGCCCAAGCTGGCGGCCGCTCAGTATTTCGAAGTAGAAACGGAGACTCC
F-Msn2-1 CAATTGAACAACTATTTCGAAACGAGGATGTCTACAACAAAACCAATGCAG
F-Msn2-2 TTTTGTTCGGGCCCAAGCTGGCGGCCGCTCACTGCTTACGGTGAGTACG
F-Msn4-1 ACAACTATTTCGAAACGAGGAATTCATGTCTACAACAAAACCAATGCAGGT
F-Msn4-2 TTGTTCGGGCCCAAGCTGGCGGCCGCTCACTGCTTACGGTGAGTACG
F-Hsfl-1 ACAACTATTTCGAAACGAGGAATTCATGAATAATGCTGCAAATACAGGGACG
F-Hsfl-2 TTGTTCGGGCCCAAGCTGGCGGCCGCCTATTTCTTAGCTCGTTTGGGCAGG
F-Hsp30-1 ACAACTATTTCGAAACGAGGAATTCATGAACGATACGCTATCAAGCTTTTTAAATCG
F-Hsp30-2 TTGTTCGGGCCCAAGCTGGCGGCCGCCTAAGCAGTATCTTCGACAGCTTGC
124 T4k K BRI IEHRL B4 F2SDS-PAGE FRAFBOH FR R, BB GS115-pPICOk Ay B 4 %of L 7

Sof 07 2 119 P M A T AT IR R I, W PR TR B BOE R 120 h R BEHE PR LT, 78 100 CibK
AT 10 mL BMGY #5372, 7E30 ‘C. 250 r/min FH S 3k 2 BE G vhoot b3 3k A7 48 PR Tl Ak 22 8 min,
ZAF T REFE 24 h, BUYIUR ODgoo N 1 B TR EAT 56 12, IS ARF S E053 TN 6% IR ZE AT 12% 73 B
4 500 r/min &0 2 min, f 25 mL B %5 BMMY BEAT SDS-PAGE, % Hifisiigets, MWEHE A KW
BraRdb i B, RSEPEMARE 120 h, [FIRSEMNIN 1% & (1 RN 5
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R 2 KRARATHIEEE
Table 2 Strains used in this study

Strain Description
A B, GS115- pPIC9k

GO1 GS115-pPIC9k-a-rhLf

G02 GS115-pHKA-P joxa-thLf

GO03 GS115-pHKA-Pg-a-rhLf

FO1 GS115-pHKA-P y,~Ost-rhLf

F02 GS115-pHKA-P oy copt-rhLf

F03 GS115-pHKA-P o0 V50A-rhLf

F04 GS115-pHKA-P 4o New2-rhLf
1C GS115-pHKA-P ,oxaCC-rhLf
2C GS115-pHKA-P )y aCC-rhLf-2¢

------- 3 C GS115-pHKA-P o3, aCC-rhLf-2¢c-pPICZA-

P,omraCC-rhLf

GS115-pHKA-P o3, aCC-rhLf-2¢c-pPICZA-

ac P00 CC-rhLf-2¢
------ P 01 1C-pPICZA-P ,ox;-Yaplp
P02 1C-pPICZA-P,-ZWF1
P03 1C-pPICZA-P,,-GSH2
P04 1C-pPICZA-P,,-PMP20
P05 1C-pPICZA-P,-SOL3
P06 1C-pPICZA-P, p-Msn2
P07 1C-pPICZA-P,-Msn4
P08 1C-pPICZA-P,p-Hsfl
P09 1C-pPICZA-P,»-Hsp30

125 ABRTE0&aGREANE 8 0%
B8 F R EHHT

2118 Bradford 2 F1 I B2 A 70 5B AR A 35
B e R EIE S R A BRI, 20 pL &5
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PEf, ZiR B S min, W E 595 nm Ab 1
73 BB B AR A BSA bRtttk FIERE I E 75
FHIF,  DARRAE 2R T 5015 28 0 W a1 0 TR
HATILERE AR g = AT, B [RIR6 R o VR
f) b 1B BE  BSA (0.05. 0.15. 0.2. 0.3 mg/mL) F
AH A A4 B BN 7L K B 1 TR PR R I B R R AT
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(255-IKFEF¥MED Z ML A brE 2k, e B 1)
AR KO T K, T HINEA
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{5 S, Ao NILR KR S 7. —KIAA,
WRHETEE, SeiFimlas. BEAANARE
F 18 Pk 120 h (1)K B2 FiE 2 SDS-PAGE J&, VIR
105 80 ku Al 40 ku [ E2H N FLERER (14671, 124
B K2 S0P & AT VRO 603 SR DTS S A
¥ 45 5 55 thLf 11 Pichia pastoris GS115 [¥] YR
AT FAIES, Sw FEEAEEAANALEN.
12,7 %t ot

{4 Origin 2022 #EAT 0 Ge it o0, KR5S
MR 3 L PATEUAE, B B 8 LASMERE E RN .

2 #HER5418
21 EAIREKWIESKE

a kuGSll15 BSA(mg/mL)
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e
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Fig.2 Preliminary secretory expression of rhLf in Pichia pastoris
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Fig.3 Effect of promoter optimization on rhLf expressions
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