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peptides, SAPs) @A 2 Z W FE R R A HAEAALEY N 3%, HET 8 #aks A SAPI-GSGOD.
SAP1-PT-GOD . SAP2-PT-GOD . SAP3-PT-GOD . SAP4-PT-GOD . SAP5-PT-GOD . SAP6-PT-GOD .
SAP7-PT-GOD, Jff5 784 GS115 F R kL. 3£1F69i%54 PT Linker 493k 4-B& /2 60 'C T F 60 minJ& #948%%
BaiE ¥ & TmdsBe, L4, 4B SAP5-PT-GOD 42 60 'C F#F 30 min #9485} Ba7E A 67%, RABELIELA T4
b BEAR AT BEE 09 10.945. BB, %48 SAP1-PT-GOD. SAP2-PT-GOD. SAP3-PT-GOD. SAP5-PT-GOD #) Kcu/Knm
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Enhancing thermal stability of glucose oxidase by fusing
amphiphilic short peptide
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Abstract:  Glucose oxidase catalyzes the oxidation of B-D-glucose to gluconic acid and its derivatives, thus shows a great
potential in the development of antibiotic-free feed. However, its production and processing still have the problem of poor
thermal stability of enzyme activity. In this study, fusion of amphiphilic peptide technology was used to improve the stability
of glucose oxidase. Herein, eight self-assembling peptides with different amino acid lengths and Linkers were fused to the N
terminus of the glucose oxidase, yielding eight chimeric fusions SAP1-GS-GOD, SAP1-PT-GOD, SAP2-PT-GOD,
SAP3-PT-GOD, SAP4-PT-GOD, SAP5-PT-GOD, SAP6-PT-GOD and SAP7-PT-GOD. Then, the 8 recombinant proteins were
expressed in P. pastoris GS115. After separation and purification, the stability of glucose oxidase at 60 ‘Cwas determined. The
relative enzyme activities of the PT Linker-linked fusion enzyme incubated at 60 ‘C for 60 min were higher than those of the
original enzyme, and the relative activity of SAP5-PT-GOD was 67% at 60 ‘C for 30 min, which was 10.9 times higher than
that of the initial enzyme with the same treatment. Among them, the K /K, value of SAP1-PT-GOD, SAP2-PT-GOD,
SAP3-PT-GOD and SAP5-PT-GOD of the fusion enzyme was further improved than that of the initial enzyme. Through the
analysis of the intramolecular force of the fusion enzyme, the increase of the thermal stability of the fusion enzyme is mainly
due to the increase of the hydrogen bond. In summary, the study indicates that translational fusion of self-assembling peptides
with PT Linker was able to augment the thermo-stability of glucose oxidase, which has certain potential in the production and
application of glucose oxidase. The glucose oxidase with improved thermostability obtained in the above study and the related
mechanism will play an important role in improving the activity of related enzymes in the proceeding of processing and
application.

Keywords: fused protein, amphiphilic peptide, glucose oxidase, thermal stability

(Glucose oxidase GOD) (4]
B- 30 t 100
(FAD) 10%—30% (3]
4 a- 1 B-
B_D_ [1]
B-D- GOD
GOD
2]
( DNA PCR )
(
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) Zheng
10 C Yuan
D223G/L278M GOD
48 C 13
1 MRE57%
11 #HR
(Self-assembling peptides SAPs) 111
Escherichia coli DH5a
Pichia pastoris GS115 pPIC9k-GOD
1.1.2
ShaBI Notl
Thermo Prime STAR (HS) DNA
SAPs T4 DNA PCR
Liu TaKaRa SDS-PAGE
N Zuotin marker
6 (SAPs) 55 °C Oxoid
2.3-45 G418
Linker [6]
1.1.3
o- N- LB 10g/L 5g/L 10 g/L
NaCl pH 7.0
YPD 10g/L 20 g/L 10 g/L
MD 13.4¢g/L YNB 0.4 mg/L 20 g/L
Gu GOD BMGY 10g/L 20 g/L 10 g/L
GOD 0.1 mmol/L (pH 6.0) 13.4¢g/L
3L 1 972.9 U/mL YNB 0.4 mg/L
GOD BMMY 10g/L 20 g/L 10g/L
8 SAPs 0.1 mmol/L (pH 6.0) 13.4¢9/L
GOD N YNB 0.4 mg/L
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YPD-G418 YNB 13.4 g/L 0.4 mg/L Fx1 FFERKRNIERFT
20 g/L 0.25 1.00 2.00 Tablel Amino acid sequences of the self-assembling

3.00 4.00 mg/mL
1.2 A&
121 Pichia pastoris GS115
(pPIC9K -SAPs-GOD)
SAPs
1 SAP1 3
GS PT SAP2
SAP3 SAP4 SAP5 SAP6 SAP7 3
PT GS PT 2
3 SAP1-GS-GOD SAP1-PT-
GOD SAP2-PT-GOD SAP3-PT-GOD SAP4-PT-
GOD SAP5-PT-GOD SAP6-PT-GOD SAP7-PT-

peptides
SAPs Amino acid sequence
SAP1 AEAEAKAKAEAEAKAK
AEAEAKAKAEAEAKAKAEAEAKAKAE
AEAKAKAEAEAKAKAEAEAKAK
SAP3 AEAEAHAHAEAEAHAH
VNYGNGVSCSKTKAPTGARHSKNVILP
SAP4 EPTALFLVSPALLVRVASAVAHLLRRRP
RPRRPPRLRP
DWLKAFYDKVAEKLKEAFKVEPLRAD
SAP5 WLKAFYDKVAEK
LKEAF
DWLKAFYDKVAEKLKEAFGLLPVLED
SAP6 WLKAFYDKVAEK
LKEAF
DWLKAFYDKVAEKLKEAFNGGARLAD
WLKAFYDKVAEKLKEAF
Note: the linker sequences between the same SAP are
marked out of the underline.

SAP2

SAP7

GOD 5 3
pPIC9k-GOD £ 2 Linker BOFhE R 45
5 3 Table2 Typesand characteristics of the linker
Linker Amino acid sequence Characteristics
(15 bp) PT linker ~ PTPPTTPTPPTTPTPTP Rigid
ShaB | GSlinker GGGGSGGGGSGGGGS Flexible
&3 51¥F7
Table3 Primer sequences used in this study
Primer name Primer sequence (5'-3')
SAP1-GS-F GAGGCTGAAGCTTACGCAGAAGCAGAAGCGAAAGC
SAP1-GS-R TTCAATGCCATTTACTGGGGTCGGAGTCGGG
SAP1-PT-F GAGGCTGAAGCTTACGCAGAAGCAGAAGCGAAAGC
SAP1-PT-R TTCAATGCCATTTACAGATCCACCTCCACCAGAACC
SAP2-PT-F GAGGCTGAAGCTTACCATCATCATCATCATCATGCAGAA
SA2P-PT-R TTCAATGCCATTTACTGGGGTCGGAGTCGGG
SAP3-PT-F GAGGCTGAAGCTTACCATCATCATCATCATCATGCAGAA
SAP3-PT-R TTCAATGCCATTTACTGGGGTCGGAGTCGGG
SAP4-PT-F GAGGCTGAAGCTTACGTGAATTACGGTAACGGCGTT
SAPA4-PT-R TTCAATGCCATTTACTGGGGTCGGAGTCGGG
SAP5-PT-F GAGGCTGAAGCTTACGATTGGCTGAAGGCTTTTTATGA
SAP5-PT-R TTCAATGCCATTTACTGGGGTCGGAGTCGGG
SAP6-PT-F GAGGCTGAAGCTTACGATTGGCTGAAGGCTTTTTATGA
SAP6-PT-R TTCAATGCCATTTACTGGGGTCGGAGTCGGG
SAP7-PT-F GAGGCTGAAGCTTACGATTGGCTGAAGGCTTTTTATGA
SAP7-PT-R TTCAATGCCATTTACTGGGGTCGGAGTCGGG

Note: the underlined part of the table is the homologous arm sequence that is consistent with the two terminal sequence of the
linearized vector.
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SnaB |
4 SAPs-GOD
1
pPIC9k-SAPs-GOD
E. coli DH5a
LB
PCR
pPIC9%-SAPs-GOD Bgl 1I
1.2.2
MD 25
G418 YPD (G418
1 2 3 4 mg/mL) 4 mg/mL
YPD 5-10
YPD
25 mLYPD (250 mL )
AmpR AOX1 promotor

Ori y
%—-GOD

pPIC9k-GOD

AOX1'3
PpHis4

KanR

AOX1'3

KanR

Bl 1 pPIC9k-SAPS-GOD E4H KA RKIAIE
Fig. 1 Construction of pPIC9k-SAPs-GOD.
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30 C 220 r/min 18-20 h
10% 50 mL BMGY
(500 mL ) 30°C 220 r/min
24 h
2 BMMY
BMMY 1%
30 C 220 r/min 24 h
1% 24 h

R4 BMURNSERKFIIRENR AR
Table4 Thereaction system for the linearized
plasmids and the short peptids

Reaction system Amount
5x CE Il Buffer 2L
Linearized pPIC9k-GOD 221 ng
SAPs 20 ng
Exnase™ I1 1l
ddH,O Add water to 10 pL

AOXIT terminator

a-factor signal peptide

Homologous arm  Homologous arm

5’>mm_£ 3
\ \
SAPs PT-linker

AOX1 promotor
o-factor signal peptide
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1.2.3
8 000 r/min 10 min
25 kDa 0°C
Tris-HCl
Hitrap™ Q HP AKTA
10
A (20 mmol/L Tris-HCI
1 mL/min
5
A 0-100% B
(20 mmol/L Tris-HCI+100 mmol/L NaCl
pH 7.0)
60—80 mmol/L NaCl

pH 7.0)

3 mL/min

4°C
124
GOD
0.3 mL 18%
3BT
35T

2.5 mL 0.1 mL
2 min
0.1 mL

2 mol/L

3min

1)

(CsHgO7-H,0) 3.95 g/L
(NagCgHs07-2H,0) 23.82 g/L
pH 6.0 2) 1g

100 mL
0.1 mL
3) 18%

(pH 6.0)

12 mL
180 g/L 4)
100 U/mL
GOD
1 pmol

X=[AA+ (7.5%tx0.1)] x5%n

& 010-64807509

X U/mL AA
500 nm t min
0.1 mL 5

mL 7.5 1/m
n
1.25 SDSPAGE

SDS-PAGE SDS-PAGE
0.1%
R-250
1.2.6
Bradford
1.2.7
GOD
(20°C

25C 30C 35T 40C 45C 50°C 55°C
60C 65°C 70°C 807C)

100%
GOD
60 C 60 min 10 min
100%
1.2.8 pH pH
pH GOD
pH 2.0-9.0 (pH 2.0—
8.0 20 mmol/L - pH 9.0
20 mmol/L Tris-HCI )
100%
pH GOD
pH 2.0-9.0 3BT 1h
100%

129
GOD

< cjb@im.ac.cn
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(B-D- ) Linker
GOD Linker SAPs
B-D- Linker PT
Hitrap™ Q HP
0—200 mmol/L 60—80 mmol/L NaCl
0-10 mmol/L SDS-PAGE
2

22 FHEMMNFESHST

. V. -AB
K B+Kg A+AB
5 SAPL-PT-GOD SAP2-PT-
GOD SAP3-PT-GOD SAP4-PT-GOD SAP5-PT-
KmA KmB
GOD SAPG-PT-GOD K,
SAP2-PT-GOD K.,

2 BREQ 56% SAP2-PT-GOD SAPS-

21 WEEEHMmSWEERMamNE 0D

(Self-assembling peptides SAPs) 40%  27%

23 BiE SAPs W HERESUBRERMNEE
GS KEEBEEREMHMIIE

Linker PT Linker SAP1 GOD
Linker Linker
GOD 20°C-80C 60 C
60 min 3A

kDa M 1 2 3 4 5 kDa M 6 7 8 9

198 — 198 —
98 — 98 —

S e ——— e o e <

62 — 62 —
49 — 49 —
38 — 38 —
28 — 28 ]

2 GOD #{tf5# SDS-PAGE [Eli&

Fig. 2 SDS-PAGE analysis of the purified GOD. M: molecular weight standard of protein; lane 1: initial enzyme; lane
2: SAP1-GS-GOD; lane 3: SAP1-PT-GOD; lane 4: SAP2-PT-GOD; lane 5: SAP3-PT-GOD; lane 6: SAP4-PT-GOD; lane
7: SAP5-PT-GOD; lane 8: SAP6-PT-GOD; lane 9: SAP7-PT-GOD.
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SAP1-GS-GOD 30 C
SAP1-PT-GOD SAP2-PT-GOD SAP3-PT-GOD
35 C
40 C SAP5-PT-
SAP7-PT-GOD

SAP4-PT-GOD
GOD SAP6-PT-GOD
45 C 3B
60 C 60 min 60 min PT
Linker
GS Linker
SAP5-PT-GOD

*5 VEHEMAIENLLEENNINEESH

60 C 30 min 67%
10.9
SAP1-PT-GOD SAP2-PT-GOD  SAP3-PT-

GOD SAP4-PT-GOD SAP6-PT-GOD SAP7-PT-

GOD 60 C 30 min
18 20 17 26 38
2.6 SAP1-GS-GOD
SAP1-PT-GOD
Linker PT
Linker GS

Table5 Kinetic parametersand specific activities of initial GOD and fusion enzymes

Enzyme Vmax (Mmol/(L -mg-s)) Km (mmol/L) Kea (1/9) Kea/Kiy (mmol/(L-s))
Initial enzyme 5.52+0.28 33.77£1.55 577.13+1.10 17.09
SAP1-GS-GOD 1.95+0.11 20.42+1.78 272.68+1.24 13.35
SAP1-PT-GOD 4.05£0.26 19.08+1.87 357.67+2.21 18.74
SAP2-PT-GOD 2.93+0.21 20.96£1.67 499.56+1.31 23.83
SAP3-PT-GOD 1.98+0.13 20.62+1.72 395.36+2.09 19.17
SAP4-PT-GOD 2.13+0.16 32.00£1.70 478.40+1.62 14.82
SAP5-PT-GOD 2.85+0.22 20.68+1.54 447.45+1.29 21.64
SAP6-PT-GOD 1.94+0.09 27.18+1.13 400.05%1.70 14.72
SAP7-PT-GOD 1.88+0.26 33.95+1.21 449.11+2.27 13.23

Note: the kinetic constants of these enzymes are all directed towards substrate glucose. The kinetic parameters of the enzyme
are the average of the 3 experimental results, and the error is less than 5%.

—a— Initial enzyme
—— SAP4 -PT-GOD
—&— SAPT-PT-GOD

100

80 +
60 -

40

Relative enzyme activity (%)

——SAP1-GS-GOD
—»— SAP3-PT-GOD
—— SAP2-PT-GOD

0 1 " 1 " 1 " L Y
20 30 40 50 60 70 80
Temperature (C)

—&— SAPI-PT-GOD
—o— SAP6-PT-GOD
—0— SAP3-PT-GOD

5

In (Residual activity)

0 10 20 30 40 50 60
Time (min)

3 REX¥]E GOD 5 SAPs-GOD st &EgHYE M (A) STREM (B) B
Fig. 3 Effects of temperature on the activity and stability of initial GOD and SAPs-GOD. (A) Effects of temperature
on the activity of initial GOD and SAPs-GOD. (B) Effects of 60 ‘C on the stability of initial GOD and SAPs-GOD.
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24 ®hE& SAPs MEEESEMLERERN pH 6
RH pH RE MRS

4A pH

6.0 pH N C
SAP1-GS-GOD  SAPL-PT-GOD ( 4 B) loop
Linker PT

pH Linker GS

Linker PT pH 4.0-6.0 SAP2-PT-GOD

90% 3  SAPL-GS-GOD

25 FE SAPs MAEREEUBARELRES 2 SAPI-PT-GOD  SAPR3-PT-GOD
LI SAP4-PT-GOD

N C SAP5-PT-GOD  SAP6-PT-GOD SAP7-PT-GOD

(15] PIC
SAPs-GOD SAP4-PT-GOD SAP5-PT-GOD SAP6-PT-GOD
( 6 6 SAP7-PT-GOD
SAP2-PT-GOD 19
2 SAP4-PT-GOD SAP5-PT-GOD SAPG6- 2.3 4
PT-GOD SAP7-PT-GOD
—m— Initial enzyme —— SAPI-GS-GOD B rH 6.0 pH 5.0
—<4— SAP4-PT-GOD  —p— SAP5-PT-GOD
—a&— SAPI-PT-GOD  —y— SAP2-PT-GOD 30 BE3pH40
A —0— SAP6-PT-GOD  —ge— SAP7-PT-GOD B pH 7.0 [T pH 8.0 [

100

—O— SAP3-PT-GOD
100

60 60

40 40

20

Relative enzyme activity (%)

Relative enzyme activity (%)

4 pH 3f#%E GOD 5 SAPs-GOD &t & BgAYE 1% (A) FF2 E £ (B) K21
Fig. 4 Effects of pH on the activity and stability of initial GOD and SAPs-GOD. (A) Effects of pH on the activity of
initial GOD and SAPs-GOD. (B) Effects of pH on the stability of initial GOD and SAPs-GOD.
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#* 6 18 GOD K SAPs-GOD Rt &Es 7 FRIEA 1o
Table6 Analysisof intramolecular interaction of initial GOD and SAPs-GOD fusion enzymes
Intramol ecul ar Initial SAP1-GS- SAP1-PT- SAP2-PT- SAP3-PT- SAP4-PT- SAP5-PT- SAP6-PT- SAP7-PT-

force enzyme GOD GOD GOD GOD GOD GOD GOD GOD
Hydrophobic 501 501 501 503 501 507 507 507 507
interaction
Main chain-main
chain hydrogen 600 596 600 598 600 619 619 619 619
bonds
Main chain-side
chain hydrogen 286 294 286 296 286 272 272 272 272
bonds
Side chain-side
chain hydrogen 281 275 281 276 281 243 243 243 243
bonds
lonic interactions 45 45 45 46 45 44 44 44 44
Disulfide bonds 1 1 1 1 1 1 1 1 1
N
pH
PT Linker
GS Linker
[24-25] Linker

SAP1-GS-GOD SAP1-PT-GOD

Linker Linker
GOD Linker
PT 7 SAP2-PT-GOD SAP4-PT-
GOD SAP5-PT-GOD SAP6-PT-GOD  SAP7-PT-
GOD SAP1-PT-GOD SAP3-PT-
GOD
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