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De novo design of a- factor signal and human lysozyme gene leads to high-
level expression in Pichia pastoris
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Abstract:  Human lysozyme (hLYZ) has potential application value in many fields, as a natural antibacterial agent.
In this study, the codons of a-factor signal and hLYZ gene were optimized as a whole by using a de novo design strategy.
Based on the optimization, 39 nucleotides were inserted into two different locations of a-factor signal sequence, obtaining an
extended a-factor signal followed with ALYZ gene. These two optimized sequences were chemically synthesized and respec-
tively constructed into the yeast secretory expression vector pPICZaA, then transformed into Pichia pastoris KM71 by elec-
troporation. Two series of recombinants were harvested, the optimized a-factor+hLYZ (named K1) and the extended opti-

mized a-factor+hLYZ (named K4). In shake-flask culture, protein expression content and antibacterial activity of the re-

combinant K4 were higher than those of K1, and measured
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ST, (E-mail ) 18811992800@ 163.com by using the high cell density induction strategy, in which

BIEE . 2P, (E-mail) jnbioprocess@ 163.com the antibacterial activity of the recombinant human lyso-

by Bradford assay and turbidimetric method, respectively.
In 5 L fermentor, the protein expression level of K4 a-

chieved the maximum of 3. 02 g/L at 54 h after induction
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zyme reached 324 072.0 U/ml. The results indicated that the extended a-factor signal could greatly promote secretion of the

recombinant human lysozyme, leading to achievement of high-level expression.
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Fig.1 The schematic diagram of pPICZa-hlyz structure
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1 000 pg/mlf¥) YPD P-4 i € , A i 4R 45 B 1y 4% DL
T RE

PRIBOF A - K BB AP TRV T 4 ml YPD WA

R 28 C 220 t/mindFF518~24 h, ML 100 pl &
T 025 I, A 50wl 246 T A S k4T
185,85 C AR 15 min J5,6 000 r/min &5 .0> 2
min, B 1 pl 23 B WRAEN PCR WA, §°
B2 1% BE EWEBERE DNA LUK S
14 BEHAEKESRIE
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Q 72 TACAACAGAAGATGAAACGGCACAAATTCCGGCTGAAGCTGTCATCGGTTACTCAGATTTAGAAGGGGATTTCGATGTTG 151
RN NN R A e e A AR RN R AR R R AR R A IR IR

S 81 CACCACTGAAGATGAAACTGCTCAAATTCCTGCTGAAGCAGTTATTGGTTACTCTGATTTGGAAGGAGATTTTGACGTTG 160

Q 152 CTGTTTTGCCATTTTCCAAC AGCACAAATAACGGGTTA-TTG TTTATAAAT 231
R R A A R R R A AR AR LITEE T

S 161 CTGTTCTTCCATTCTCCAAC TCCACCAACAATGGATTACTTGAGGAAGCCGAAGCTGAGGCAGAACCAAAGTTTATCAAC 240

Q 232  ACTACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTCTCGAGAAAAGAGAGGCTGAAGCTAAGGTCTTTGAAAG 311
[T T R R e e e N e A A A A N R AR R R AR I R

S 241 ACAACAATAGCTTCTATTGCTGCAAAGGAAGAGGGAGTTTCTTTGGAGAAGAGAGAAGCAGAGGCTAAGGTTTTCGAAAG 320

Q 312 GTGTGAGTTGGCCAGAACTCTGAAAAGATTGGGAATGGATGGCTACAGGGGAATCAGCCTAGCAAACTGGATGTGTTTGG 391

R N R R AR AR A AR AR I R A CEEETE FEEEETTETET T

S 321 ATGTGAACTTGCAAGAACTTTGAAAAGGTTAGGAATGGACGGTTATAGAGGAATTTCTTTAGCCAATTGGATGTGTTTGG 400

Q 392 CCAAATGGGAGAGTGGTTACAACACACGAGCTACAAACTACAATGCTGGAGACAGAAGCACTGATTATGGGATATTTCAG 471
NN A NN A RN AR AR N R e e R AR AR R

S 401 CAAAATGGGAATCTGGATACAACACTAGAGCAACAAACTACAATGCTGGTGATAGATCTACTGATTATGGTATCTTCCAA 480

Q 472 ATCAATAGCCGCTACTGGTGTAATGATGGCAAAACCCCAGGAGCAGTTAATGCCTGTCATTTATCCTGCAGTGCTTTGCT 551
LI R NN e e R N A A e e e A R A R R A

S 481 ATCAATTCAAGGTATTGGTGTAATGATGGAAAGACTCCAGGTGCTGTCAACGCTTGCCATTTGTCTTGCTCTGCTTTGIT 560
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RN A A A N e R A N e e A A A R A R I A N AR R AN Y
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Q 632 GGAGAAATCGTTGTCAAAACAGAGATGTCCGTCAGTATGTTCAAGGTTGTGGAGTGTAA 660
N e e A e R RN A A R AR R AR AR AR

S 641 GGAGAAACAGATGCCAGAATAGGGATGTCAGACAGTATGTTCAAGGATGTGGTGTGTAA 699

Q(Quary) : {55 KPP FI FIA VI B A R B 7 91 S — A BE AR AT 585 T A s S (Shjet) - TERE AR (LR AL b ARG A5 5 IR P fe b 38

751k :267 bp (344J5 306 bp) ; IF AL 1393 bp, HHEF T 2 A FIIRALLE
2 RN o FESRMAEEERF I SMALEF TR

Fig.2 Comparison of the original a-factor signal and human lysozyme (2LYZ) sequence with the optimized sequence
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Fig.3 Identification of Pichia pastoris recombinants by PCR
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B LW B R A SRS TR 1L FK
I TR It PR B AR AL O A 7 K, P38 R R 5
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"

116000 |
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Fig.5 Measurment of hLYZ activity by cylinder-plate method
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Fig.4 SDS-PAGE analysis of the expression product by sha- VA TR BB RV S (BT an &l 6 BTz ) |, %t H 20 BE o
king bottle PR 8 3K 1 N VRV B BIEA T35 A, 25 SR 3k 1
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Fig.6 Enzyme activity standard curve by chicken egg white ly-

sozyme

*1 EAFKILKIEMEQRKRIEEREEN
Table 1 Total protein and enzyme activity result of K1 and K4 by
shaking bottle

- TFHEER T3 RS
4

BT (mg/L) (U/ml)
K1 260+6B 12 937.0+1 255.8B
K4 320+10A 16 973.5£627.9A

K1 17 2 7 0 PR P e PP R 2L T 3 K« 12 K7 G O
RS AR AL U A TR IR R ALT . RIS AR A S 7
BERZEFWEE (P<0.01),
2.6 BEAFRKEEBEENEFSRIE

165 L R BEHER AT B4 T K1 1 K4 B9is 5
RS, BT K4 $8 08 1 0T 3R Gk i SIS A L
B, R KSRGS BE 5 3 R I, K4 SRIGEIK 2
PSS /3R AE 3 AR B KIS T & 1
L VEBGHAT SDS-PAGE HLIK /AT, 25 R an & 7 FiR
1~3 JKIE 43 2R K1 A% B (WKW 0Dy, =
200) K4 fIR% 5 ( FRHREE 0D, =200) K4 =%
(WHRVEE ODg,, = 400) A R B LI WFE . R
Bradford I %E & P 3 W A R BE H BVK E
B B P R e 1] S B TR (8] 8a)
K1 HERE A RIAES 80 h BEEHFWKE N 1.71
o/ L; Ka IR B2 R EAE 5 80 h SV 2R 1 Bk B2y
2.54 g/L, K4 =% R B ES 54 h B
WA 3.02 g/L, 3 ALK & e L3 AR
il 2 1 R LAY LGNS T 85%, SR A L
TRIEINSE 3 AN U I 28 T 1 338 V1 3 TR TG
LR KL K4 R AT 80 h DL & K4 =%
VT 54 h KWW ) R TS 43 3R 262 152.0

U/ml 258 712.0 U/ml 324 072.0 U/ml ( |8 8b) , %}
LB L il I F3 40 )k 152 971.9 U/mg ., 101 996.4
U/mg 107 030.7 U/mg( &l 8b)

M 1 2 3

116 000
66 200

45000
35000 | &=

25000 |

18 400
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M 2 B4 bRt 1. K1 H 240 IR % BE A 80 h &% B3
;2. K4 A TIREE S 80 h LW HiEWE ;3. K4 A T H
FEES 54 h KB LW

B7 BEAEKEXEBRERIZAY SDS-PAGE 5347

Fig.7 SDS-PAGE analysis of the expression product via fer-
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