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Abstract: Human lysozyme, an enzyme with natural broad-s t1v1ty, has potential applications in the food and

pharmaceutical industries. To obtain human lysozyme preparations with activity, a Klu yces lactis yeast expression system was used
for soluble expression of the human lysozyme gene (hLYZ) with optimized‘codons. An artificial hLYZ gene was cloned into the K. lactis
expression vector pKLACI, resulting in the recombinant vector pKLAC1-hLZY, which was then linearized with SacIl and transformed into K.

ulticopy recombinant strain (named hLYZ1) was obtained. The engineered

lactis GG799 by electroporation. Following whole-cell PCR.
strain secreted a target protein of approximately 14 ku i eight, which agreed with that of the expected product. The maximum
activity of hLZY in the culture supernatant reached 1 er 128 h of culture. Antibacterial activity testing confirmed that the
recombinant human lysozyme was effective against Micrococcus lftteus, Escherichia coli, and Bacillus subtilis. In conclusion, a recombinant
hLYZ with high enzyme activity was successfully expressed in K. lactis GG799, thereby providing a basis for studies on the large-scale
production of recombinant human lysozyme using the K. /actis expression system.
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R P& N % T B 2L 8 7 41l (GenBank - Accession no.
NM_000239) LA K FLIR v, & Ao RE 25 1 1) 2 1, %
TH T 9t hLYZ RS A2 ZERIN 4K DNA 771,
P 5 & Wi AR R A PR A 7] A T 2 T 34k
PUC57.
132 FHMEABIR pKLACI-hLYZ 8947
LA PUC57-hLYZ & #5 #% , BLYZ-F.: 5-CC
GAGATCTTTGGTCGCTTATTGGCAGEC-3> (5] AXho
I #) AhLYZ-R: 5-GACTCGAG

GACAATGGTAAT-3’ (5| XBgl , PCR
P LY ZEE R . PCRRN 551 n; 94°C
30, 56 °C. 30s, 72 ‘C 305,  T2°C. 6

min. [EYKPCR W), “W5RAF v BtZXho UBgl 1AL
F V) 5 e BE R pKEACY #ifk9Xho 1/Bgl 11752
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¥ JeXho UB&XZ@WJE@EE, W R g TE A () S ZE B R
4 NpKLACI-hLYZ.

1,33 WA SLER 7 & B4 GGT799
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Ik CRIE 2500 V) HEAL S PR v e kB
GG799 ISR . K i J5 B REAR R L BT IN
PmL T4 1 mol/L LALEEAW 4 30 “C/K¥ 2 h,
BLOSCEERERF K, HET 1 mL ERE/KF, BE%
fiTE4A 5 mmol/L L% YCB “FAR L.
134 FABFRARY PCR AT
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-CAGTGATTACATGCATATTGT-3") T Z# 14
Tk, PCR 4F4: 95°C. 5min; 95°C. 30
s, 50 ‘C. 30s, 72 °C. 2min, 30 MEH; 72°C. 10
min.
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200 r /min, 555F 18 ho %18 10% 18R BT 50 mL
YPD Bigrdkdr, FHFIZAE FREFE 144 he 30 16 h HY
¥E, 5000 r/min, 250 5 min, POIEBHTE YRR T
e BRI EYI R (ODgoo), KB LIS T-I5E
T PR B 77
1.3.6 TLAETA B a2
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1.3.7 SDS-PAGE Wik kit =4

FCHil] 5%F SDS-PAGE ¥RZEMEFN 12%0H153 2 12,
PRk G S 6xLoading Buffer W4, i 10 min J5
HATHIK, FHoHiEgets, i,

1.3.8  TLHAIE A Bahd i AR

A3 E 100 pL TRV BE IR ER AT B A
B SR AT R RTINS R IR LR R CRERh A
5 REED, RIEER ML IR 20 pL (1) E
H IR MRS PBS(PH N 7)), B AL E T 37 °C
TEIRFE 20 min JFHCH, W E 20 NI B R = AP
[ R (0 PRV

2 ZR51He

2.1 HEEEM LR J

Native  ATG AAG GTC TTT GAA AGG TGT GAG TTG GOC AGA ACT CTG AAA AGA TTG GGA ATG GAT GGC
Optimized ATG AAG GTT TTT GAA AGA TGT GAA TG GCA AGA ACA TTG AAG AGA TTG GGT ATG GAT GGT
MET Lys Val Phe Glu Arg CYS Glu Leu Ala Arg The Leu Lys Arg Lew Gly MET Asp Gly

Mative  TAC AGG GGA ATC AGE CTA GCA AAC TGG ATG TGT TTG GOC AAA TGG GAG AGT GGT TAC AAC
Optimized ATC AGA GGT ATA TCA TTG OGT AAC TGG ATG TGT TTG GCT AAA TGG GAA TCT GGT TAC AAC
Tyz Ag Gly lle Ser Leu Als Ass Tep MET Cys Lew Al Lys Tip Gl Ser Gly Tyz As

Native ACA CGA GCT ACA AAC TAC AAT GCT GGA GAC AGA AGC ACT GAT TAT GGG ATA TTT CAG ATC
Optimized ACT AGA GCT ACA AAC TAC AAC GCA GGT GAT AGA TCA ACC GAT TAC GGT ATA TTC CAA ATC
Thr Arg Als Thr Asn Tyr Asn Als Gly Asp Ag Ser Thr Asp Tye Gly lie Phe Gin Il

Native  AAT AGEC CGC TAC TGG TGT AAT GAT GGC AAA ACC OCA GGA GCA GTT AAT GCT TGT CAT TTA
Optimized AAT TCA AGA TAC TGG AAC T AAA ACT CCA GGT GCT GTT AAT GCA TGT CAT TTG

Ao Ser Amg Twr Trp Cys Asn Asp Gly Lys

The P Gly Als Val Asn Als Cys His Leu

Native TCC TGC AGT GCT TTG CTG CAA GAT AAC ATC GCT GAT GCT GTA GCT TGT GCA AAG AGG GTT
Optimized TCT TGT TCA GCT TTG TTG CAA GAT AAC ATA GCT GAT GCA GTT GCT TGT GCA AAG AGA GTT
Ser Cys Ser Als Lew Lew Gln Asp Asn lle Ala Asp Als Val Ala Cys Als Lys Asg Val

Maive  GTC CGT GAT CCA CAA GGO ATT AGA GCA TGG GTG GOA TGG AGA AAT CGT TGT CA
Optimized GTC AGA GAT CCT CAA GGT ATC AGA GCT TGG GTC GCA TGG AGA AAT AGA TGT CA Al
Vil Alg Asp Pro Gin Gly dle Arg Aln Trp Vil Ala Trp Amg Asn Arg Cys Gin Asn Arg

Native  GAT GTC CGT CAG TAT GTT CAA GGT TGT GGA GTG TAA
Optimized GAT GTT AGA CAA TAT GTC CAA GGT TGT GGT GTT TAA
Asp Val Ag Gl Tyx Vsl Gls Gly Cys Gly MValo o

B hLYZRARFS K AL EONAFFIEEEE
Fig.1 Comparison of original and optimized sequences of hLYZ
7E: Native& 7~ The wild type sequence; optimized%& 7~ The
optimized sequence of hLYZ.
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Fig.2 Electrophoretic profi
: MARDNA marker

ctof hLYZ
2000; 14&-FPCR product of

hLYZ.

PLFRL PUCST-RLYZ it , 51 LY Z-F fil
YZ-R PCRY $hLYZFEH, PCR=“¥)42% 5 bt
Ji2 HAK 41400 bp g sk (B12), KA S5Ti
FFHAT o

23  FEH R HApKLACI-hLYZHy & 2

3 ERFRIEBRIPKLACI-hLYZENESL) L E
Fig.3 Identification of the pKLAC1-hLYZ plasmid digested
with Xhol and Bglea

7£: MA&TDNA marker 1kb plus; 1&~The plasmid of
pKLAC1-hLYZ degested with Xho I and Bgl II .

HHFIEFAAPKLACI-hLYZZ Xho 1/Bgl 11 i
P15 0.7%5IEREEEI vk 08T, FTILE9.3 kbifi#iA
J BoA1400 bp i H AR Bu(1#13) . R EHRIE K
pKLACI-hLYZZEATDNAMI T, 4558 Bortd N 7
TG4 — 3, MIhiyd | B AR
pKLACI1-hLYZ,
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24 ZHNEGEAWKEERE

bp M 1 2

[ 4 EEEHREZEIESTIAIER PCR £
Fig.4 Identification of multicopy transformants of recombinant
strain hLYZ1 by PCR

7£: M &= 1 kb DNA ladder marker; 1 %7~ PCR products
of recombinant strain hLYZ 1 with single-copy primer; 2 %7 PCR
products of recombinant strain hLYZ 1 with multi-copy primer.

DARHA A 720N R E 9 PCR B FRRREAR
FIFH A FRILHEAR N B 5 AT 240 PCR
S5, AT KA HIZIN 1.9 kb A1 2.3 kb (1]
B 4), SEERAE FAESE hLYZ SR IhE4 B LR
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Fig.5 Recovery test of the human lysozyme standard

JE I O 9 N B A A ol E LR v
GG799 KIE FIFWH I EIWGES:, TNV i
IR (R=M/AX100%FL941, M A RIS B S
715 A RNININEBEREG 1) R i mner g, ik
BT 100%, RonEAERE R . DARTE
HERERE GGT99 KB FIFVRECH 250,500+ 1000 F1 1500
U/mL NGRS, AR SR A 5, 4
Tl FE NV TR BRI S I RIS 2 7 95% LA bo RIS
I Z AT WK 1, p>0.05 Uil kR s 45 A
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Table 1 ANOVA for the recovery test
ERR Ss DF  MS F P
2008 2292984 3 76432.81 0.412089 0.74734
Filo| 2225720 12 185476.7
it 2455018 15
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.6 Growt/hﬁyme activity curves of recombinant strain
hLYZ1
HARMKhLYZ LIATREMARE, ARG 16 hEUFE,
T2 A R BTG 1. FEZH B RRhLY Z 14E16 hiN
Jﬁkm‘iﬁiﬁﬁﬁ 96 hLPLJE#E AR E AR, Wil
ODsooé’ﬁ%EmE?E 7 il A ) S S T 2
FEAS hiRy 7= HipA7 W] S5t b THEa %, 128 hEREIE B K AH
91430 UmL (El6), ZJaBgmvEm T, naes
TR RE E B WA ) R 1G-S SO O A

ku M 1 2 3

97.4—
66.2—

42.7—

30—

144 —

7 EHFER T BHERF R RIAHHISDS-PAGE R K E]
Fig.7 SDS-PAGE analysis of recombinant K. lactis strain
hLYZ1

7£: & Supernatant from K. lactis strain GG799; 2& =
Supernatant from recombinant strain hLYZ 1; 3% 7~ Human

lysozyme standard; M 7<Protein marker.
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2.7 EAHWRFKIE P H SDS-PAGE #, ik 74
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Fig.8 Antibacterial activity of recombinant hLYZ

JE£: 1%&-FRecombinant hLYZ and M. lysodeikticus; 2%
PBS buffer solution and M. lysodeikticus; 3% 7~Recombinant
hLYZ and E. coli; 4% <PBS buffer solution and E.coli; 5%&&
Recombinant hLYZ and B. subtilis; 6% ~PBS buffer SOIW
B.subtilis. D,
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NV BB L] i B 0 R R K b T AE AL L S
YRR S FRRAE,  DRARF91 SE RI7 3,
P e S B rp i Ay RCRIE o« AT TEAE AN hLY Z
SR SRR PSRRI T, IR IR v & YR B
MR, X hLYZ BN T %
it 3R E LR oo S YRR B R AR R R IA
NI B 741

32 RHITURZE T UL I N B i D L
VREARE S RIS YR R R, KB TN

MR A7 LI 5 R o (RSN R . 203
EALTIREYE, P9 T A 2 I A R
Bk B PR ARG SRR IR 128 b
HF) 1430 UL, #F H A CHREAKE . BALE
BTV BORE . KT B R 852 FAF AT Bl
VB, PRI RO, fEULIER i e
W26 PERORAL R — B HOHOR T 2R, T
ST BN PR RS, 69 IR BREN 1 — 2
TR TSRO, o

[1] Li G Shi W, Chen G et al.

evaluation of a

for human lysozyme
[2] Tenovuo I Tl
proteins/ lactopéroxidase,
xerostomia: €fficacy and safety [J]. Oral. Dis., 2002, 8(1): 23-
29
3] Weil T, Tang C‘D, Wu‘M C, et al. Cloning and functional

ozyme and lactoferrin in

€xpressio a human lysozyme gene (hly) from human
leukocytes i
Reports, 2012, 6(1): 173-186

[4].. Yu H, Chen J, Liu S, et al. Large-scale production of

Pichia pastoris [J]. Molecular Medicine

functional human lysozyme in transgeniccloned goats [J]. J
Biotechnol, 2013, 168(4): 676-683

[5] JHAFZ, ms i) SR AR A TR MR R 1 B R B P 2
15 B R SEAFIARAGLI]. o AR ) il 2 4 7.,2010,23(9):
953-956
TANG Cun-duo, GAO Jin-hu, WU Min-chen. Expression of
human lysozyme gene in pichia pastoris and optimization of
condition for fermentation [J]. Chin. J. Biologicals September,
2010, 23(9): 953-956

[6] Dumoulin M, Johnson R J K, Bellotti V, et al. Protein
misfolding, aggregation, and conformational diseases. Part B:
molecular mechanisms of conformational diseases [M]. New
York: Springer US, 2007

[77 Matano M, Nakajima K, Kashiwagi Y, et al. Sweetness
characterization of recombinant human lysozyme [J]. Comp.
Biochem. Physiol. B Biochem. Mol. Biol., 2015, 188: 8-14

[8] Lamppa J W, Tanyos S A, Griswold K E. Engineering
Escherichia coli for soluble expression and single step
purification of active human lysozyme [J]. J. Biotechnol.,
2013, 164(1): 1-8

[9] Castanon M J, Spevak W, Adolf G R, et al. Cloning of human

lysozyme gene and expression in the yeast Saccharomyces

109



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.3

[10]

110

cerevisiae [J]. Gene, 1988, 66(2): 223-234
Spencer A, Morozov-Roche L A, Noppe W, et al. Expression,
purification, and characterization of the recombinant
calcium-binding equine lysozyme secreted by the filamentous
fungus Aspergillus niger: comparisons with the production of
hen and human lysozymes [J]. Protein Expr. Purif, 1999,
16(1): 171-180

Van Ooyen A J, Dekker P, Huang M, et al. Heterologous
protein production in the yeast Kluyveromyces lactis [J].
FEMS Yeast Res., 2006, 6(3): 381-392
Siekstele R, Veteikyte A, Tvaska B,

et al. Yeast

Kluyveromyces lactis as host for expression of the bacterial

/<7

[13]

[14]

lipase: cloning and adaptation of the new lipase gene from
Serratia sp [J]. J. Ind. Microbiol. Biotechnol., 2015, 42(10):
1309-1317

Ipswich: N E BioLabs, Instruction manual of Kluyveromyces
lactis protein expression kit [M]. New England Biolabs.,
2005

15 5 B, 2 40, WL AR, S5 0 XS R R T A T S B
& JIRRE AR [I]. P B B A2 E,2010,46(3):49-52
HOU Qi-rui, WANG Jin-yu, XIE Km-zho’ét al. Effects of
Chinese herb additives on growth performance-and intestinal
]..Chinese Journal ofAnimal

microflora of weaned piglets. [J

Sciences, 2010, 46(3): 49-52

r“""

O

2



