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(57) Abstract: Disclosed are a thioredoxin mutant, preparation method thereof, and application thereof in production of recombinant
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solubility and stability in high-temperature environments and is not easily denatured.
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ARSI 2R R =W R . T E AR 48505 LAY MRz
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BARSEIN S RERR AL, P IaE 15 REIE 5 A 5B 1 5 A i B R A
LA PTR A2, BTk B bR U5 2 IRECE A BUN HEE A R T 601K 2 R AL LN R &
Y/

s P 35

1 RN F R IB IR A B R AR R IA T S 36 1) SDS-PAGE il 45 &, K+
Ak TR AL B AR, H: TR Ao mEACE AR B ®RHEAS S, M
A& A Marker

2 RN IR A 1 R ILE SO AR e M R VR MERE R I 1) SDS-PAGE
HLVKAG IS B, B R R EHESR RN R AR B A AR R4, M AR & [ Marker.

3 RNEM TR 30L K7, EAmMAED
mTrx39-GSGSG-DDDDK-Arg” GLP-1(9-37)B I 8] ()21 1 SDS-PAGE ik 45 R, K
HET T8 78 A AR A E A mTrx39-GSGSG-DDDDK-Arg *GLP-1(9-37)4¢ 1 .

4 fF N AE A BB N, T SO HPLC e i A5 &
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AR e 7 B AR A B VRN SR S M 2 R R ZE e, AR/, R IR IR L B AR A 4R
B3 Fr R KRB FEE ToxWT” 7R3 P e OB EIE S AR O 4+ 1
RS AR W mTrx” FEA SO 8 ONBRAEIE R B RABE 7T I3 ri i E. AR

“GeE g7 5 “OD” FEASCHHE ORI R g &40 35T e iR o S 10 & A B
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FNE), NLENME. R IR AP E ONEERAICE O R 5T
R — B Z KT, BRI E E R C w5 YT 5 N s A — B & R
Flo ARIE “CUNBIAr &7 FEARSCHHE B SONEE A VIBF S L 2250 3 1 — B s R BT 5

ARG ST, 7w, AR THT 2RAEA RS RIEN— RS
A EAREE (mTrx), EATEHATEMEIERE AR, AR IR EIE
HEAREES BAREERRZ E QAL BRI & ) SRR 7] =R &4 T U5 1H
Re (R EF R VA M.

AR BT CH, “BRABEAREE (mTr)” FEEMXERNER: HEARER
VR, (BHFEMRICRIEHRAS, KA T 55 Geobacillus stearothermophilus 1 Bacillaceae
N Anoxybacillus tepidamans A1 Falsibacillus pallidus W RN EIE & A R HER 7 5H Br A
EIP

AR IR I I IR B (A 9 ARR,  FTIA A20E B 1A S8 AR (A R A0 208 B (AR R 3R (A
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WA 2R a B AN LTRAER, TAREECEABRME A N KT Geobacillus
stearothermophilus W EE & H, HZMLER/FF1 SEQ ID NO.1 fi/n. Fridiif il & [ 5%
Bk, HALEHAE SEQ ID NO. 1 LR Xy 2 /b — AR IR B4 516 A E 8. 10, 12,
13, 15, 17+ 23, 29. 33. 36. 43. 44, 51, 56. 58, 71. 74, 82. 85. 91. 93. 94 F1102
AT 1 PRI T E LR B IR Ed & 1 9 R 7E SEQ ID NO. 1 LR X %
D NEERLAEAE Y HAZE 12, 13, 15, 23 29, 33, 43, 44, 51, 56, 58. 71. 74,
82, 85, 91, 93 1102 MK 2 HF IR LRI TH . wmilikth, MEIEEARZEE SEQ ID
NO. 1 DA F XN ZE/AD—ANR IR BB HALE 124 15, 234 44, S1. 56+ 71. 85,
93 F1 102 i HI4 3 FR A FERR A1

TEF B B B IE S 5 — B, Bk 5 — 2 Bk 3 20 f L MALRSK
AR, MR Pn. B3, GUERAE FEIERERERATR A E R WEER. B &
SR E B AR ATIR R C ik N im il — N2 MR AR

K120 L IARRIRE AR

REBRLR =F S BT
AR Ala A
fa 2R Arg R
RAEIR Asp D
L i Asn N
IR Cys C
i Gln Q
BRI Glu E
HE R Gly G
HAR His H
SR Ile I
SR Leu L
B IR Lys K
2 Met M
RINER Phe F
HH 2 IR Pro p
L2 IR Ser S
2R Thr T
BE IR Trp W
1% 2 IR Tyr Y
B IR Val v

AKRHF AN EGREREALSHNEMEAQEZE THEAMKRKA: BARELE
A g5 M) HALE HA SEQ ID NO.1 WEHEML T8, Bl Geobacillus stearothermophilus B R4,
WEADEA SEQ ID NO.2 MRAEEE 73, B Bacillaceae WM TR AL & A HA SEQ ID
NO.3 WRAFMFF, B Anoxybacillus tepidamans BRI FIEEHE A EA SEQ ID NO.4 /Y
BAHIG 5, BN Falsibacillus pallidus T MR EIL HH .

gk H B 5 SEQIDNO.1 A&7 70%, ik E D 75%, HLEE D 80%, HAL
WEA 85%, HEMILELD 90%, WIMILELD 95%KHE S L F— M EmRTey, safgY
SEQID NO.2 A%/ 70%, k%D 75%, HEfLiEE D 80%, HEiLikE /) 85%, HEftikF D
90%, MILZELD 905%IMTH ot F— MM ERERTFF], A H 5 SEQIDNO.3 A% 70%,
ML LA 75%, FREEAD 80%, HALEEA 85%, HALIEE A 90%, HwLIEE D 95%HH
SRR R ), A S SEQ ID NO.4 A &b 70%, ks 75%, EikE D
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80%, HEARIEZ /D 85%, HARIER D 90%, Bk SR D 95%MH 7 LA — PR R 7 51
EA. FEAHTARHPEAN sEATEMEAEAMNS, EO0ERNERESETEN,
I HEA SEQ ID NO.1 & K7 5584 SEQ ID NO.2 [{14% H% 57 5 2 A SEQ ID NO.3
FIZEMR T 7IEEA SEQ ID NO.4 HIE AR T3 HE A .« /B8R A il nl ¥ M8 & 1
S, WL Z Geobacillus stearothermophilus IR EILE I (SEQ ID NO.1),

ARRPEE R TR H MR R AL EABMEMR R A, ARy EAEE SEQ ID
NO.1 BB 75K TrxA F1.E 4 SEQ ID NO.2 RIZ £ 75 /Y Trx F1H 4 SEQ ID NO.3 [
AHIR T H K Trx M1 HA SEQ ID NO 4 [MZAIER P Trx, UNHAAE SEQIDNO.1 H&
b 70%, fLikz b 75%, WALEE D 80%, UL R D 85%, HALIEED 90%, mitidkE b
5% A tb Rl — M E R R Fl, stHA 5 SEQID NO.2 HZ /b 70%, ftikzl 75%,
ML/ 80%, T E /D 85%, TALIEE /D 90%, LI E D 95%HK)E 2 Lh[F]— 1 it e Ak
s BB A R ENEASER, 1, FrdRAEEEE 2 /D7 S REIE:

W H 8. 10, 12, 13. 15, 17. 23. 29. 33. 36. 43. 44, 51. 56. 58. 71. 74. 82. 8
5. 91, 93. 94 A1 102 F— P EHEANEELBRI B, %H 12, 13, 15, 23. 29, 33. 43. 44,
51, 56, 58, 71. 74, 82, 85. 91. 93 A1 102 f—PEi P AL E. HH 12, 15. 23,
44, 51, 56, 71, 85, 93 A 102 FI— N EREZNRAARME. EH 12, 15, 23, 44, 51, 56,
71, 85, 93 A1 102 [ 2 DL NEIERRA E, HARIEMAE AL B 15+51 B¢ 23+51 BY 85+93 B 1
5+93 B 23493 B¢ 51+102 BY 15+102 8% 15+23. #%&H 12, 13. 15. 23. 29. 33. 43. 44. 51,
56+ S8 71, 74, 82, 85. 91. 93 #1102 f{ 3 NERENEILIRIE, WO HAELT E 23+85
+93 BY 15+85+93 BY 51+85+93 BY 44+85+93 HY 85+93+102 T 23+44+51 B 44+51+85.1%H 12.
13. 15 23. 29. 33. 43, 44, 51. 56. 58. 71. 74. 82. 85. 91. 93 1102 ) 4 P& L4
FILMRALE, TARIEHAENL B 23+51+85+93 B 15+51+85+93 T 15+23+85+93 T 23+44+51+8
5 BY 44+51+85+93 B, 23+44+85+93, %[ 12, 13. 15, 23. 29. 33. 43, 44, 51. 56. 58,
71, 74, 82, 85, 91, 93 #1102 1 5 MEEBNAARI E, WAL E 15+23+51+85+
93 TY, 23+51+85+93+102 BY, 23+44+51+85+93 B 15+44+51+85+93 B 12+56+71+93+102 BY, 12+
15+56+71+102, %[ 12+ 13+ 15, 23, 29, 33, 43, 44, 51, 56, 58, 71. 74. 82, 85, 9
1. 93 1102 ) 6 MERE MR R, ERIEHAES B 15+23+29+44+51+85 BY 15+23+44+
51+85+93 Bk 12+23+56+71+93+102 B¢ 12+56+71+85+93+102 B 15+23+44+51+85+93 BY 23+44
+51+85+93+102, & 12+ 13. 15, 23. 29, 33. 43. 44, 51, 56. 58. 71. 74. 82. 85,
91, 93 M1 102 1) 7 NEE N E LA E, HOIEMAEAL B 15+23+44+51+85+93+102 BY 15+2
3+44+51+71+85+93 BY 15+23+44+51+74+85+93 BY, 12+15+23+44+51+85+93 Y 15+23+43+44+
51+85+93, &M 12+ 13+ 15, 23. 29. 33, 43, 44, 51, 56, 58, 71. 74, 82. 85, 91. 9
3A1102 B 8 NEREAEREBRAE, AL E 12+15+23+44+51+85+93+102 B 15+23+
A4+51+56+85+93+102 B 15+23+44+51+71+85+93+102 B, 15+23+29+44+51+85+93+102 EY 12
+15423+44+51+56+85+93 Bk 15+23+29+44+51+56+71+85., #iH 12, 13. 15, 23, 29, 33, 4
3. 44. 51. 56. 58. 71. 74. 82. 85. 91. 93 M1 102 1§ 9 NELZ N IKEE A B, TV
EAT B 12+15+23+44+51+56+71+85+93 BY 15+23+43+44+51+74+85+91+93 BY 15+23+29+44+5
1+71+85+93+102 B, 15+23+44+51+56+71+85+93+102 BY 12+15+23+44+51+71+85+93+102, 1%
F1 12, 13, 15, 23, 29, 33, 43, 44, 51, 56. 58, 71. 74. 82. 85. 91. 93 #1102 {¥J 10
NERLANEHIGATE, FH SRR B 12+15423+29+44+51+56+71+85+93 T 15+23+43+44+
51+71+74+85+91+93 HY 15+23+43+44+51+74+85+91+93+102 BY 12+15+23+44+51+56+71+85+
93+102. %[ 12+ 13+ 15+ 23, 29, 33, 43, 44, 51, 56, 58, 71. 74, 82, 85, 91. 93
102 1 11 DNEIEBATE, FIEHAEA B 12+15+23+44+51+56+71+85+91+93+102 B 12+
15+23+29+44+51+56+71+854+93+102 BE 12+15+23+44+51+56+71+74+85+93+102 Y 12+15+23
+43+44+51+56+71+85+93+102, &[4 12 13+ 15+ 23. 29, 33. 43, 44, 51. 56, 58. 71.
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74, 82, 85, 91, 93 A1 102 1 12 MAELBI E, HEIEMAAE 12+15+23+29+44+51+56+
71+85+91+93+102 BY, 12+15+23+44+51+56+71+74+85+91+93+102 BY 12+15+23+43+44+51+56
+71+85+91+93+102 BY 12+15+23+43+44+51+56+71+74+85+93+102. %[ 12, 13, 15, 23, 2
9. 33. 43. 44. 51. 56. 58, 71. 74. 82. 85. Ol. 93 F1 102 i 13 N IEERN B, TILik
HiAEfr B 12+15+23+29+44+51+56+71+74+85+91+93+102 BY, 12+15+23+43+44+51+56+71+74+
85+01+93+102 B 12+15+23+44+51+56+71+74+82+85+91+93+102 B, 12+15+23+44+51+56+58
+71+74+85+91+93+102, & 12+ 13+ 15, 23+ 29, 33. 43, 44, 51, 56. 58, 71. 74. 82,
85, O1. 93 A1 102 1Y 14 NMREIEMR A E, SEARIEMAEA B 12+15+23+43+44+51+56+71+74+82
+85+91+93+102 B 12+15+23+29+43+44+51+56+71+74+85+91+93+102 BL 12+13+15+23+43+4
4+51+56+71+74+85+91+93+102 B 12+15+23+33+43+44+51+56+71+74+85+91+93+102 F 12+
15+23+43+44+51+56+58+71+74+85+91+93+102., 1& [ 12 13, 15, 23, 29, 33, 43, 44, 5
1. 56+ 58, 71, 74, 82, 85. 91, 93 F 102 () 15 ML E, HEAEMAL E 12+13+1
5+23+29+43+44+51+56+71+74+85+91+93+102 B 12+13+15+23+33+43+44+51+56+71+74+85+
91+93+102 B 12+15+23+43+44+51+56+58+71+74+82+85+91+93+102, & H 12, 13. 15. 23.
29, 33, 43, 44, 51, 56. 58. 71, 74. 82, 85, 9l. 93 f1 102 [{] 16 MR LI E, BT
EHIZEDT B 12+13+15+23+294+434+44+51+56+58+71+74+85+91+93+102 Bk 12+13+15+23+33+4
3+44+51+56+58+71+74+85+91+93+102 B 12+15+23+33+43+44+51+56+58+7 1+74+82+85+91+
93+102. & 12. 13. 15, 23. 29, 33. 43. 44, 51, 56, 58. 71. 74. 82, 85, 91. 93
102 1 17 DNEIEEEBEAE, BOEHAENE 12+13+15+23+33+43+44+51+56+58+71+74+82+
85+91+93+102 B, 12+13+15+23+29+33+43+44+51+56+58+71+74+85+91+93+102 B 12+13+15
+23+29+43+44+51+56+58+71+74+82+85+91+93+102. 1% 12. 13, 15, 23. 29. 33, 43. 4
4, 51, 56, 58, 71. 74, 82, 85, 91. 93 M1 102 [ 18 MR B .

AR ISR AT 2 I F R 85 A RARK,, HooA Geobacillus stearothermophilus T8 K
FLE AW RAE, PridiE e s AR miE | UL N RN E REi: B E DS,
T10. Al2. Al3. T15. D17. D23. C29. R33. A36. D43. R44. K51. N56. D58. S71.
T74. Q82. D85, Q91. K93. E94 fll K102 A, HA Bl 78RR B HE LR

CRFRYEED, 51T 2 SEQ ID NO.1 H TR Geobacillus stearothermophilus [T 08
EARNESER T F P R R E

P iR I B A R AP 2 2 DA NI BB BN Geobacillus stearothermophilus
T A5 B (A AR A

% D8. T10. Al2. Al3. T15. D17. D23. C29. R33. A36. D43. R44. K51. N56,
D58, S71. T74. Q82. D85. Q91. K93. E94 1 K102 [{j— NELZ N M B . H Al2,
A13. T15. D23. C29. R33. D43, R44, K51. N56. D58, S71. T74. Q82. D85. Q91.
K93 F1 K102 F— o2 MEFEMR A E . B H A12, T15, D23, R44. K51, N56. S71. D85,
K93 FTK102 — AN IREANREMI E . ¥EH A12. T15. D23, R44. K51. N56. S71. D85,
K93 A1 K102 F 2 M ELEZANE I E . % H Al2. Al13. T15. D23. C29. R33. D43. R44.
K51. N56. D58, S71. T74. Q82. D85. Q91. K93 #1 K102 fy 3 MEi A E i B . %
| A12. A13. T15. D23. C29. R33. D43, R44, K51. N56. D58, S71. T74. Q82. D85,
Q91. K93 F1 K102 [¥) 4 M Z N R E . #H A12. A13, T15, D23, C29. R33, D43,
R44, K51. N56. D58, S71. T74. Q82. D85. Q91. K93 #l K102 [fJ 5 Bk AN EH AT
B, % Al2. Al13. T15. D23. C29. R33. D43, R44, K51, N56. D58. S71. T74. Q82.
D85. Q91. K93 A K102 [#] 6 Pei 2 M L& . 6 H Al2. A13. T15. D23, C29. R33.
D43, R44. K51. N56. D58, S71. T74. Q82. D85, Q91. K93 1 K102 [{] 7 MEZNE.
HEEEArE . %E Al12. Al3. T15. D23. C29. R33. D43, R44. K51. N56. D58. S71.
T74. Q82. D85. Q91. K93 1 K102 ] 8 MELZ M HELEA E . i H A12. A13. T15, D23,

6
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C29. R33. D43. R44. K51. N56. D58. S71. T74. Q82. D85, Q91. K93 F1 K102 f¥ 9
AN ENGDHEMRAIE . WEH A12. A13. T15. D23, C29. R33. D43. R44. K51. N56. D58,
S71. T74. Q82. D85. Q91. K93 1 K102 ] 10 MR Z M FEFRAI B . £ H Al2. Al13. TI15.
D23, C29. R33. D43. R44. K51, N56. D58, S71. T74. Q82, D85. Q91. K93 A1 K102
11 DRI E . EH A12. A13. T15. D23, C29. R33. D43, R44. K51, N56. D58,
S71. T74. Q82. D85. Q91. K93 1 K102 i) 12 MREILERLI B . ¥ H Al2. A13. T15. D23,
C29. R33. D43, R44, K51. N56. D58. S71. T74. Q82. D85, Q91. K93 F K102 [ 13
MNEEIIIE . H A12. Al3. T15. D23, C29. R33. D43, R44., K51. N56. D58, S71.
T74. Q82. D85, Q91. K93 1 K102 ) 14 MAIRAI E . ¥ H A12. A13, T15. D23, C29,
R33. D43. R44. K51. N56. D58. S71. T74. Q82. D85. Q91. K93 1 K102 [¥] 15 M4,
HEsirE . BH Al12. A13. T15. D23. C29., R33. D43. R44, K51. N56. D58, S71.
T74. Q82. D85, Q91, K93 1 K102 [ 16 MEAFRLIRNIIE . % H Al12. A13. T15. D23, C29,
R33. D43. R44. K51. N56. D58. S71. T74. Q82. D85. Q91. K93 Fl K102 [¥] 17 4 4.
HEafrE . E Al12. A13. T15. D23. C29. R33. D43, R44. K51. N56. D58. S71.
T74. Q82. D85. Q91. K93 Fl1 K102 i 18 PaIEEATE

Geobacillus stearothermophilus [R50 S 1 XM B IR BT T (F HZ R FE
F R H A

SEQIDNO.1 7 & 8 4D # Q. E. A. K. R. SBUT B, HHkHs: Q. E. A, B
K B, sAtiest A BifX. SEQIDNO.1 47 & 10 i T # D+ E. Q. K. R. SERIHA, &
ety D, T8 Q B, Mitifisl 1 EUf. SEQID NO.1 /7 & 12 1] A #% G. E. Q. K. R.
S B I HUAX, THHLEHhg: G B 1 U, Hefidet 1 i€, SEQID NO.1 7 & 13 9 A # D. E.
Q. K. R. SHEIEUR, HALktigh 180 Q HUL, Hflikdk 1 HUfR. SEQIDNO.1 17 HE 15 1
T# I, Vo A, T BACER MR, SO0 pE 18 Q B, &0k I HfL. SEQ ID NO.1 fif
B17WD# N, E. Q. K. R. S, GBA B4R, Sfiikthsk E 58 Q X, sitik E B,
SEQ ID NO.1 fiz & 23 D #% T. Q. K. R. S. G BN HUft, TECikthiek S B T 3ft, &
ik T 5. SEQIDNO.1 fi7 8 29 ) C # R. D. S. T. N. K. W HUREC# %, SEHLk
Mgt Ry S. Ko W BURERH IS, Sctide bt S BARFBE MR . SEQ ID NO.1 471 33 Y R #
D. E. Q. K. N R %, HMEMa K. Q2 N B, &Atiks K Bft. SEQID NO.1
7% 36 [ A#% G- S. T. K. R. H. L BUCECHEM B, SEOLEHBE L. S, K HUREE MR,
LA R . SEQ ID NO.1 A E 43 (D #% Q. Y. W. P. T3 E B, SEMiihik Q ok
E 8L, AL E BfC. SEQIDNO.1 7 44 MY R# L. A, Q. S. T. KB HEUAL, H
el L. A BR Q B, SALikd Q B, SEQIDNO.1 A& 51 A K # Q. D. R. E B
[HLAY, SEfRikthipt Q B R Huft, Hftik K51R Bift. SEQID NO.1 47 & 56 ] N4 E. Q.
R. K. W B Y 30X, LG K. RBLQ B, &Lk K 5fl. SEQID NO.1 A7 & 58
D # W. R, T. D, Q. HE{E B8, HRikHipk R, Q B E B, sttt E 5. SEQ
ID NO.1 478 71 B S#7 1. L. K. D. M. E BN BAC, Htmihsy 1. L s M B, &
WAk MBS, SEQ ID NO.1 A7 &8 74 ) T#% I. L. D. S, M B V EUL, kgl 1 8t M
AR, fibikdt 1EUC. SEQIDNO.1 A7 82 [ E #% Q. N. R 8% K BUfC, T4kt K.
N B R B, Hmitiksk K B4X. SEQIDNO.1f7 & 85 ) D # R. Q. H. N. E B K HfX,
A E. Q B K B, SALIE#E EBfX. SEQ ID NO.If/E 91 A Q# E. Y. I. N
B¢ R B, Rl R B0 K B, Sfiizsh K BUf8. SEQ ID NO.1 £7 8 93 11 K # P. M.,
S\ I. QBN A, FHHLdHhp: P ol M R, miiidkdk P AUf. SEQ ID NO.1 f7E 94 ] E
# D. S. E. Q. N. KB R Y, Tkt D. S E 8 Q AR, &Lk E94Q Hift. SEQ
ID NO.1 78 102K # D. S. E. H. Y. KB R BUfC, Wity H. Y 8¢ S Buft, &
sk H B,
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mE AR IR AR A RAAE IR 2 i, BN RABEH RSN REHGINKE
Geobacillus stearothermophilus FIFEILE A (SEQ ID NO.1). HIESZHi% 3 d1H AAG AT A
FHATIE L, LLIORE Geobacillus stearothermophilus WA A (SEQIDNO.1) fiJ A
G A HLfar AR AT

AR BRI A B R S BN AR A e R O A S A L, AAG HE/NER
A e SO, SR T BR T R AT ey P B R R R AL T2 IR IR R AR AR A
AAG F#{% 7 2 /0-1 keal/mol . AR E /b2 keal/mol . SEARIEHE 2 /D-3 keal/mol . SEAL Y
%04 kecal/mol FALIEM A /D -5 keal/mol. FEALIEI A /L -6 keal/mol. FEALIE M 2 /-7
kcal/mol. FEALEH % /-8 keal/mol. BEALIEHL 2 71>-9 keal/mol. ALk %= /-10 keal/mol-
SR S -1 keal/mol. SEARMedth % /212 keal/mol . SEAR e 5 21-13 keal/mol . B4 IE &
FRARE A i iR T 22 /0-08, HERIE# 201, Wik s b2, WHtEth a3, X
iR A 58 AR L FLAT S ORI AR ARG B R AR AR T RO AE H s Rl 2 IREE A 1
AEFEITET, AR T et — DR . A IMENE, AR R IR AL B L R
IR EIm B e PEE AN B e E RN E R IA T, DUACGRIEIRE N AR e .

O H, AR ARG A R RIS O RAE I 2 IR . A K A IE
F RN 2% H IR 7] LUt A R B Al @ R RIT I NAE A 2 2 K. B, KK Z
TR A S mEry, Hh2MEERNEE FIERFEANFTHRKE Geobacillus
stearothermophilus HRR RS Ik B, BT BTId B m] DA DAL el AR B I 18 41 B
M IRITFHR R, AT HRIEMEIE & A RBET) DNA A Bt

B0, AR AR EET SO 2 T R R IR .

VU, ARHRRMEELRE EAM, HRHARH 22 5B B0A & A RIS E
Ak, SREARTE 40T F T A 7= A R B BB 0E S A SRR R, BOFTIRTE 40 i m] AT
A BRI IREE A .

FHT AR 2 AR e B SR B A SRR I T E AR iR e b 2 T iR s 40 i, Bradte F- 40 Ha (8]
HLAE 20 0 1 B M A AT 80 T 2 IR ERER 1 T A A S B e, AR, WA TR
BEMgE. ik g sep i, EANE T LT E: Saccharomyces (4 1
S.cerevisiae)~ Pichia (|41 Ppastoris) Bacillus (W1 B.subtilis« B.licheniformis) Escherichia

(B E.coli) o

T4 B B 7306 2 R ECE A 076 40 b i@ Nk g R4 M, Bridfs 240 M e AR
4 Mo /P BN M P A A T 22 IR B 1 ST A AN U AT . LA R 1 - 4 B i Sk e s, H
AMURTF LA R E: Saccharomyces (B S.cerevisiae) Pichia (%W Ppastoris)s Bacillus (5]
U B.subtilis< B.licheniformis)~ Escherichia (191 E.coli) .

EHE, ARARME TR AR AR TR E IS & A RS B s 7R 2 REE A
R ELAMASER, ZEARSEANSEMNA: (D MECEQRLHE R ——T%)
fir s Eirmii 2 IREE AL (2) AR E AR E—E i—— B REZ IR
BRI, B s IR 2 IR EE A SRR/ B BN S 45 A G RS B A B BRI I SHE
B AR R R BRI AR v . TR R & e M B IR B M T B IR BT i Ak
BRI fr S8 S EA MR T & B W IR U1 B AL S B S 7T #0167 A1

AR R KA et 2 T 1 R P B R B e e R, P i Bk E E & | A A&
PR Sh B A A AU A R, P M S B IR S S, (EAMR T RA R0 (IR
FHRAIE): (GGGGS)n (n<6), GSAGSAAGSGEF, GSGSG, GSG M(G)n (n<8); ik
NP R IR S 4, (AR T-BA T 2800 (R R I F RS ). (EAAAK)n (n<<6), (XP)n

(X F] AT AR — AR AR, n<18), (PT)nP (n<18) Al A(EAAAK)4ALEA(EAAAK)4A.

AR R BT A5 B4 A UE T 70 B B W DI U B A s B S BT AL BRI

& AN VIS B DB 5 B R gt A L 1K) 2 (1 DI B 253 70 TR R R

8
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PRI A AU A AL A, AR R B B W DT AT A 2 R B Se 0 6, (HAR TR 26
A A, WEMHEUREEAR, 3C HEB, V8 EAM, pEE, SRk
BENTIE, Pl MRS, BRI,

SENTTIE, ARRUIRAE TR AR RIS IR/ . (1) AL EARB R —%%
IRh——n &N —— B s R Z IREE A T (2) AR E AR E—E f——B s
SRS EARNEARSER, UAAE> B2 RMEA R 2 a1
AR T AP LR EARS &AM TR R KSR R4, LB SRS WG
My FREAR G EE. LK EREARME EAY B Z IKEE A S EH 60 4
BEDEERARKEEY, LW, EANETUTRA . R MR R IK-1
(Glucagon-like peptide-1, GLP-1) ML EY (11 GLP-1 (7-37). GLP-1 (9-37).
GLP-1 (7-36). GLP-1 (11-37). Arg34GLP-1 (7-37). Arg34GLP-1 (9-37)); FRZZREER
(Parathyroid hormone, PTH) M H M AY (Hl40 hPTH (1-34)); R & MFE R AL K-2
(Glucagon-like peptide-2, GLP-2) M HIBEEY (4t GLP-2 (1-33). Lys17Arg30GLP-2
(1-33).); {28 LR % #E (Adrenocorticotropic hormone, ACTH) K HIMUNEAYy; HBE
YA R (Melanocyte-stimulating hormones, MSH) NHBUERSGY); & LIEER %
(Adrenomedullin ADM) K HIFBEEY): LEFIRIK (Atrial natriuretic peptide, ANP)
HERREY: % (Oxytocin, Oxt) MIFUUEEY): AKEEBEIHZE (Growth
hormone-releasing hormone, GHRH) MHFWEAEY): METEMEMIK (Vasoactive intestinal
peptide, VIP) KHFBUIEREAY; REHFEMA (Uroguanylin) K HEFUURAEY . fERETISK
T &, AR HPRMLIES B R Escherichia coli 15 3 WM KA 7 H Ax 78 2 KB & B
Arg34GLP-1 (9377715, Bk Btk A gnbs A e AR S0 82 1 AR AR (R 18 58 I A R B 2 4%
HIRHAL . m LI AR RUE 22 F R AR B 3R 2 ARl 4.

HUUTE, RRUREF/ARARACEARZER T, Kk afm U 8
5.

DABR SIS B AR B2 A B D B RO AR, o HCBEAT REAL R AR, T SRAS SRbL BRIt &
1 R AR AR 1) 3 R % A8 T

P B 57 AR A £ [ ) S A e PR R AR e Ta i B ARIA R, RAF EALRBHIE, Rk
Frid FTR AR AN 28 E IR TE 32, RV R IA & IR 0 i B RARR R IA SO

X BIR PR R UL B 8 R AR I AL B R BEAT I PR AT, SR FH AR LI P A e ) B2 A
¥, 0 Foldx, Rosetta AAG- BindProfX. PROTEIN CALCULATOR v3.4 %%, {15 AAG
EAT A g, JREH AAG B 525 T B HL A 1 FAE R TT BB 2208 87 B SR AR e S H

¥ bk v H BB S B B AR e ST B Ab T8 DA SR AU S SR A h 1
FENMBEREE, MAESHHEES, SRR, W TRFRP IS A2
HRIRSS, T 70-100°CoK i B — B ), BUREES L JaH BiSHE#EAT SDS-PAGE 27T, 1R
P o 6 AR R /N BEAT IR EUE 55 B R AR R VAR E PR S AR AT V& PR BE 10 B 07 5

A3 FH gt A5 HL A B St B2 o 1 R DR B — i 22 A [RIY R IR, R A3 B AT e P
REAR T HUBR 0L R AR KA FED, Al e PR 1 B 4 HE —REGE K

FRAE AU SN 77, RIS R R T H A PERE IR 7T FO TR FUE B2 A R AR BT 3R
prag

MEKMACEAR VN EOZAH T RAEAARNA: KE Geobacillus
stearothermophilu FIRACEH, HLEKEAESA SEQ ID NO.1 KL 73, HOLkH 2/
70%. TR A /D 75%. TR A D 80%. BALIEHE /D 85%. HALIEH E D 90%. &
Heik i 2270 95% M [ —1, #ltnsk 2 ARSI AL A .

AR AR BB T BORIEAT R DI 1-6 MSEiE. nRAIG AN
FEAT R R IR AF T Bt AT Gl L R A8, BONIE B IWF Bt &4 PCR (Error-prone PCR) T2k

9
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[Aeg2l (DNA Shuffling).

SEiaf) 1

BT REEE SR EEERN L

¥k H Geobacillus stearothermophilu [F)1R 18 8 & LK /7 7 (SEQ ID NO. 1) 4% 18 E.coli
ER A IRUT AL G I A R G (LB A R AT G R, WG EERG 4 o8 TxWT, RN
Ak pET28a £ ST AL &, 158 HA AL pET28a-TrxWT. it 5|13 LIFT EE E A TrxWT
BB, #1755 PCR §38, G REMBEILRAZ i BOR 5W)4E N B g pET28a, 133
A RABFEE AR AL pET28a-TrxWT epmut mix, 1 50 ARIE GV NSS40
E.coli BL21(DE3), 3K{3/EZS =4 11000-12000 FIRIASCE. FEALIESET 50 AR TEHAT A
BEYIEGAIE, 2R W KA) 25% B, BEfa, BEVLERE T 15 DAL E
AT 538, DA S RAFZE

WK 2) RREMELE O RTAERIE L EREL

KRB IR AL E AR TR RKIGATER B SCE TS TFEMTE5E Soug/mL TR
RIBFE R LB A E 721 96 FLIRFLIRH, 37°C, 700 rpm Bi =it . WS EFRMIER
R, LU 1%ERE R T 08 & 50 ug/mL BRI S A LB Wik s, T 96 FLIE
fLARH 37°C, 700 rpm ¥4 4-6 h, FEEEHZE 30°CIMA IPTG BLIKEE 04 mM, 4kadk
B3 FE 20-25 ho PGSR T =15 4000 rpm &0 10 min, WHEREE, R#ET20C. i HE
WRRE SN — AR L EEZE P, 100°C 33 5 min H#E. SDS-PAGE 7307 B I A4
TG, Hoda ks RaE 1 hp ) F(b) Fion, HEh G RAT MR A EAR
TR T IERRIE,

IR 3) BREEE BRI SCE RS

M R R IR T 28I B [ SR AR A R TR ST SRR I B M S A P BE LI 2 T 24T 1 Z1 I
AN, AR P 4 SR F AR U AT S R B RV E B, 913 Foldx Rosetta AAG. BindProfX.
PROTEIN CALCULATOR v3.4 %%, VISRHE Geobacillus stearothermophilus TIRSHRIR L & A

(SEQID NO. 1) By A G fgfr AT, T ARA X HE N EIC & A R ARk S5

IRILEEIEE B Z B AAG EATA Pl fy, HApfiaitBEa Rk 2 fron. WRP SR
IHIERIFMAILE ARBERTIL A AAG B2 A 1T HEATAE R RO R R EE & A T
AT, Hh AAG (HB/]N, RFREEE ORI E W5, A G EA{EB)N, R
IRy S BN LN R SN

AAG=A G TrxWT- A GmTrx;

A VL =1 A Trx W= L mTr;

K2 MEKREHRTBEEH AAG M A FHH

TR R AT HRE

RN RANE AAG A

(kcal/mol) by
mTrx 1 D23T+K93P -5.34 -1.0
mTrx 2 T15I+D23T+C29S+R44Q+K51R+D8SE+K93P -7.87 -1.8
mTrx 3 K93P -2.87 2.0
mTrx 4 D23T+R44Q+K51R+D85E+K93P -8.24 -2.0
mTrx 5 T15I+D23T+R440Q -4.22 -1.0
mTrx 6 T151+K93P -4.57 2.0
mTrx 7 T151+D23T+R44Q+K51R+D8SE+K93P -8.87 2.0
mTrx 8 T151+D23T+R44Q+K51R+D85SE+Q91K+K93P -9.52 -1.0
mTrx 9 R44Q+K51R+D85SE+K93P -6.47 -3.0
mTrx 10 D35E+K93P -5.16 2.0

10
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mTrx 11 D23T+K5IR+K93P 537 1.0
mTrx 12 C29S+K93P 187 1.8
mTrx 13 D23T+R44Q+K51R 75.85 1.0
mTrx 14 T151+D23T+R44Q+K5 | R+D85E+K93P+K 102H 956 3.0
mTrx 15 T151+D23T+R44Q+K5 | R+ T741+D8SE+K93P 956 2.0
mTrx 16 T151+D23T+D43E+R44Q-K 51R+DS5E+K93P 043 2.0
mTrx 17 T151+D23T+R44Q+K5 1 R+N36K+D85E+KO3P 956 1.0
mTrx 18 T151+D23T+C298+R44Q+K5 1R+D8SE 058 0.8
mTrx 19 T151+D23T+R44Q+K5 1R ~6.06 1.0
mTrx 20 D23T+R44QK5 IR+DSSE ~6.49 1.0
+ + + + + + +
o TISID23T+R44Q+KSIRFNSOK+DSSE+KO3P-K | 20
102H
mTrx 22 D23T+K5 IR+DS5E+K93P+K 102H 017 2.0
+ + n + +T741+ +
s TISID23T+DA3E+RMQKSIRFTTAIFDSSEXQY | o
1K+K93P
mTrx 24 K51R+D85E+K93P 6.82 2.0
mTrx 25 T151+D23T+R44Q+K5 R+D8SE 719 1.0
mTrx 26 R44Q+K51R+DS85E 462 2.0
mTrx 27 T15+D23T+R44Q+K5 IR+D8SE-KI3M 716 2.0
T151+D23T+D43E+R44Q+K5 IR+ T741+D85E+Q9
mTrx 28 O KOAPK 1o 1172 2.0
T151+D23T+C29S+R44Q+K5 1R+S7IM+D8SEK
mTrx 29 O3PAK 1aH 961 2.7
mTrx 30 T1514+K5 IR+D85E+KO3P 762 2.0
mTrx 31 A121+T151+D23 T+R44Q+K5 IR+ D8SE-K93P 962 2.0
mTrx 32 T151+D23T+R44Q+K5 IR+S7 IM+D85E+K93P 992 2.0
mTrx 33 D43E+T741+Q91K 267 0.1
+T151+ + + + + +
o AT2IFTISID23THRA4QHKSIR+DSSEFKOIPHKI | 0
02H
+ + + + + + +
s TISID23T+RA4QFKS IR+STIMADSSE+KO3PK | o a0
102H
+T15I+ " + n + +
e AL2IFTISID23THRA4QHKS IRFNS6KDSSEHK | Lo
93P
+ + + -+ + + +
o TISID23T+C29SHRA4QHKSIRFNS6K+STIMID | o
85E
T151+D23T+R44Q+K5 R+N56K+S71M+D85E+K
mTrx 38 oADK 1oaT] 1102 2.0
T15+D23T+D43E+R44Q+KS1R+S71M+T741+D8
Trx 39 -12.40 1.0
i SE+QO1K+K93P
mTrx 40 A12I+D23T+N56K+S7IM+K93PK 102H 824 1.0
A121+T151+D23 T+C29S+R44Q+K5 IR+NS6K+S7
Trx 41 -10.23 0.8
i IM+D85E+K93P
A 121+ T15I+D23 T+C29S+R44Q K5 IR+N56K+S7
Trx 42 774 1.8
mirx IM+D85E+K93P+K 102H

11
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s AT2IFTISIHD23T+C29S HR44Q+KSIRFNSOKHST | 0s
i IM+D85E+Q91K-+K93P+K102H > e
A121+T151+D23T+R44Q+K5 IR+S71M+D85E+K
mTrx 44 o3P 10l S11.23 3.0
mTrx 45 A121+N56K+S7IM+K93P+K102H 2607 2.0
A121+T151+D23T+R44Q+K51R+N56K+S7IM+D
Trx 46 1113 -1.0
mix 85E-+KO3P
A 121+ T15I+D23 T+C29S+R44Q+KS IR+NS6K+S7
mTrx 47 |M+T741-D85E+Q91K+K93P+K 102H 841 08
A121+T151+D23T+R44Q+K5 1R+ N56K+S7IM+D
mTrx 48 85E+K93P+K 102H -11.85 2.0
A12I+T151+D23 T+R44Q+K5 IR-N56K+S7 IM+D
Trx 49 -8.40 -1.0
mirx 85E+Q91K-+K93P-+K 102H
mTrx 50 A121+N56K+87M+DS5E+K93P+K 102H 27,55 2.0
mTrx 51 A121+C29S+N56K+S71M+K 102H 222 0.8
+T15I+ +C29S+ + + +
o AI2I+TISHD23T+C29SDASER44QKSIRHNS | s
6K+S71M+T741+D85E+Q91K-+K93P+K 102H
A12I+T151+D23 T+R44Q+K5 IRANS6K+S7IMA+T
Trx 53 -8.16 2.0
i 741+D85E+K93P+K 102H
A12I+T151+D23 T+R44Q+K5 IR-NS6K+S7IM+T
mTrx 54 741+D85E+QO1K+K93P+K 102H -8.79 1.0
A121+T151+D23T+D43E+R44Q+K5 1R-NS6K+S7
Trx 55 -8.29 2.0
mix I1M+D85E+K93P+K 102H
A12I+T151+D23 T+D43E+R44Q+K5 IR-N56K+S7
mTx 56 IM+D85E+Q91K-+K93P+K102H -8.94 1.0
+T15I+ + + + + +
A A12I+TISHD23T+DA3E+R44QKS IR-NS6K+S7 | Lo
IM+T741+Q82K+D8SE+Q91K-+K93P+K 102H
s AL2IFTISIHD23THDA3EARA4QIKS IRANSOKHST | 2o
1M+T741+D85E+K93P+K 102H e -
+T151+ + + + + +
s A12I+TISI+D23T+D43ErRA4QIKSIR-NSOKHST [ Lo
|M+T741+D8SE+QO1K+K93P+K 102H
mTrx 60 A121+T151+N56K+S7IM+K 102H 477 -1.0
A12I+A131+T151+D23T+C29S+R33K+D43E+R44
mTrx 61 Q+K51R+NS6K+DS8E+S7IM+T741+Q82K+D85 | -10.14 12
E+Q91K+K93P+K102H
A12I+A131+T151+D23T+C29S+R33K+D43E+R44
mTrx 62 Q+K51R+NS6K+D58E+S7TIM+T74I+DSSE+QO1 |  -9.73 0.8
K+K93P+K102H
A12I+A131+T151+D23T+R33K+D43E+R44Q+K5
mTrx 63 |R+NS6K+S71M+T741+D85SE+QOIK+K93P+K10 |  -9.53 -1.0
2H
AI2I1A131+T1514+D23T+C29S+D43E+R44Q+K5
mTrx 64 |R+NS6K+S71M+T741+D85E+QO1K+K93P+K10 | -9.14 0.8
2H
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A12I+A131+T151+D23T+R33K+D43E+R44Q+K 5
mTrx 65 1R+NS6K~+D58E+S71M+T741+Q82K+D85SE+Q91 -10.46 1.0
K+K93P+K102ZH
A12I+A13I+T15[+D23T+R33K+D43E+R44Q+K5
mTrx 66 1R+N56K+D58E+S71M+T741+D85E+Q91K+K93 -10.09 -1.0
P+K102H
AI12I+A131+T15[+D23T+C295+D43E+R44Q+K5
mTrx 67 1R+N56K+D58E+S71M+T741+D85SE+Q91K+K93 -9.70 -0.8
P+K102H
mTrx 68 A12I+A13I+T151+D23T+D43E+R44Q+KS51R+NS 953 1.0
6K+S71M+T741+D85E+Q91K+K93P+K102H
mTrx 69 K51R+K102H -2.71 -2.0
mTrx70 R440Q+K102H -2.09 -3.0
mTrx71 D23T+K102H =271 -1.0
mTrx72 TI15I+K102H -241 -2.0
mTrx73 D23T+K51R -4.23 0.0
mTrx74 T151+D23T -3.74 0.0
mTrx75 TISIHKS51R -3.61 -1.0
mTrx76 TI5I+D8SE+K93P -6.96 -2.0
mTrx77 D23T+D85SE+K93P -7.75 -1.0
mTrx78 R44Q+D85SE+K93P -5.22 -3.0
mTrx79 D85SE+K93P+K102H -5.09 -3.0
mTrx80 TI15I+D23T+K51R -5.94 0.0
mTrx81 T151+D23T+D85E+K93P -6.60 -1.0
mTrx82 D23T+R44Q+D85E+K93P -531 -2.0
mTrx83 D23T+K51R+D8SE+K93P -8.48 -1.0
mTrx84 TISI+D23T+K51R+D85SE+K93P -9.17 -1.0
mTrx85 T1514+R44Q+K51R+D8SE+K93P -7.04 -3.0
mTrx86 D23T+R44Q+K51R+D85E+K93P+K102H -7.00 -3.0

HR 2 I A, C3R1EH 86 MA B R A, HEA AAG M-2.22 kcal/mol #1-12.40
kcal/mol Y [ PN A FEARAT A 73 HLff A 0.0 1)-3.0 YEH N FO$E = .

IR 4) TEIE TR B RAT AR SCEE R AR R ] R e R I

WG FRAT BB AE A B A BRI 1 SR RIS I PH R A A T 5F 50 ug/mL BRER I
F AN LB MRS FR I 96 FLIRFLAR T, 37°C, 700 rpm B354 o ¥ PriSss 32 UE A A1,
DL 1% Rl B BP0 T B 8E 118 50 pg/mL BRER R Z I LB iiAR 37419 24 fLikh, 37°C,
500 rpm X777 4-6 h, FFEEEE 30°CHIMAINE RLIRIT 2%, HEIRGHEFR 2025 h, Fife
BRI SRR M BR 21 5> T 90°C KA 100°C HB 7K ¥ 143 71 5% & 30 min 1 60 min,
HUEEES L 12000 rpm, 3 min, 35 A& UTHE 5 B Gl A£ 24T SDS-PAGE. R4 SDS-PAGE Jt% /%
(B 45 B A FT I SR 28 (A A AR B AR s M A AT JE TR BE RO IR o, Herp By ik &5 SR i 2 B
N, RPIXEE AN E AR RN TP A E A diem Ay e Eam s B
EEIRZAM N AR, NS OMNERE, XER 2 PERKNRELEEARTE AAG
A A R RE B AN s R 2R, AT DL I — 20 1 iy B D IR B T 200 A A 42
R E R E AR SN ERE A, g M R E A FETE S E . REE
SR LB BEREAERERONEEE LR, HRmE R T T-80 CRKIEIKE .

HIR 5) BREIEE E R/ Arg34GLP-1 (9-37) B4 & EA LEEK Mz
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PRI G B 1) RABAR A S E B IR N IR AR R BAE mTrx39 (R 771 R
SEQ ID NO.5) Fl#EHMK GSGSG (H AR T R4S ), Wlgt%I47 i DDDDK (Z L%
B RES ) MEEHN: mTrx39-GSGSG-DDDDK-Arg34GLP-1 (9-37) W EAR S ER (&
EIR 74 SEQ ID NO.6), FURLAEE T EZ )4 an b |1 4] 201810858509.8, HAK /g bk
M IERA ) B A PSR TR HEM T 5 A MR R IRE R (S0gmL)) LB WAk R,
37°C, 220rpm FEFRA R KGR FRIRIE AR, | S B T SRR R ER
(50ug/mL)f LB i fEssr A, BP ImL B0\ 100mL FifErisatdr, 37°CH7¢ 4h, HiE
FEZE 30°C I IPTG(AH R EA/ CE AT E IPTG LRI 0.4mM/L, 4k 4285 %15 7% 20h.,
Y PR35 IR T = i 4000rpm 250 10min, WEEEER, Z2REERAET-20C. B—E@HRT
Bk, mEA A —EERBE Sample loadingbuffer, 100°C & # Smin HilFE, FKSEHRILE
& pET28a-mTrx39/(R34)9-37. H4 3R fa)  TE 4 3R 8 s id s AL K #F B BL21(DE3)H,
WA T8 50 ug/mL TRER R IBE R 1 LB “PARETIRAE o KA B B2 A1 4% DL S It v
FiES N CoF BRI ia ). b IH, kas TR I, W R R R
P&, P IEMRE LRI E A TR .

HIR 6) BEIEE A RA/ Arg34GLP-1 (9-37)EAHR & FE AWML

W R B TR ACE M =480 T84 50 ug/mL BRR - BR5 R 110 LB MUAE IR R 5%
Fp, 37°C, 220 rpm ¥i 354 8-12 he MR FRAIERN 1 Fh¥, DL 1%EEM 40T HriE
()2 50 pg/mLBRER RIS 2RI 2 BAh IR EE TR dk o« BERR S 1% 0.2%. TR S 0.675%.
—IKATHER 0.093%. H/KEREESEE 0.07%. H®EM 2%. WME#H SmUL GREIHRAM: LK
BRI EE 1% TKBRERER 0.05%. L/KBRIREE 0.225%. Tu7KERERHA 0.1%. 7K Al R
0.023%. —KEALE 0.2%. LHHIREE 0.01%. #hER Smol/L), 34°C, 220 rpm }5F54) 10-12 h,
VRS 2 P A2, DL 2-5% R s hh T 30 L K, R RES 2 HMh1FHi3E
B8 KEE R PR R AR A KA DU B AN KIRER B, KT pH R AN I 20K
$EH/E pH 6.8-7.00 KIERTHHIRSE 37°C, KEER 6-8 h G HIHHMEL, KL 10-14 h BIGIRE
WE 30°CIHIMAFURE R LR T 2%, SR TES 22-26 h. ] 3 ¥ SDS-PAGE #6314 & P it 72
RFERFEEURE &, EAMAER (nTrx39-GSGSG-DDDDK-Arg34GLP-1 (9-37)) (&AL
Roe MZERHELARAEH (nTrx39-GSGSG-DDDDK-Arg34GLP-1 (9-37)) k{3 T 1IE%
#is, HEEE KBRS 25h LA LKA

FTAS B 32 BUM N SRR 2 pF R 21 e, T 80 C/AKIBTH I A 4 15min, BUHEHR, KA
R B H1~12000 rpm BLUER HIE, @GS, H 5-10 kD #EBIE/EWRAT 8-10 %, H
MR MM BB G, FRRRE ANBEER NS, INE AR #ET 25 CHyY) 6-8 h, 7Y pH &
Hbr R IR 2 RS i S BT DT Arg34GLP-1 (9-37), MRMERIIEG3RGEH LI Arg34GLP-1
937) Ml & . KW 4 £ @ i M HPLC 4 M M HE A 8 A & A
mTrx39-GSGSG-DDDDK-Arg34GLP-1 (9-37)B§VI3RAT Arg34GLP-1(9-37)A[H] B ) U4 I
Mah R, FE R MBI Z K Argd4GLP-193) AW £k, EAM A EA
mTrx39-GSGSG-DDDDK-Arg34GLP-1(9-37) A W % f k £ 4 B & & A
mTrx39-GSGSG-DDDDK . 18 it B 1 K M, 85% B # 4 @t & & A
mTrx39-GSGSG-DDDDK-Arg34GLP-1(9-37) ¥ 24 i, FI S5 f S yii€ e kA 4 JE 75% 1
Arg34GLP-1 (9-37)f &, Wl 5 B, @i — B utie i s b IR e T 20l RS 5 w4l B 1)
EFr A2 AL Arg34GLP-1(9-37). 4145 F: YMC-Pack PROTEIN-RP 434, st A N
20% ZJE + 0.1% =L, WM B AN 100% ZJE + 0.1% = LM, FiiE AN 1ml/min,
PO N BE e . 0-8 min ¥z B HH 10%F+ 5 20%, 8-25 min izIAH B H 20%Ft £ 55%,
g K 214nm, #EIE 35°C,

ARAAFRT BRI s 77 50, AR ALEAR R SR A 7R T # AT 42 H L 4 Fhor 20
P AEANSAE TR EUE M FAEETAR L, L AN AR AR 2Rk i e YE o B AR 7
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%, BIRARKPRRTEHZA

Sequence Listing (FF5%)
SEQID NO.1
MAIVNATDQTFAAETKDGLTLVDFWAPWCGPCRMIAPVLEELDREMGDKVKIVKVNVDENQETASKFG
VMSIPTLLVFKNGELVDKAVGYQPKEALVQLVGKHVS

SEQ ID NO.2
MAIVNATDQTFAAETKDGLTLVDFWAPWCGPCRMIAPVLEELDREMGDKVKIVKVNVDENQETASKFG
VMSIPTLLVFKNGELVDKAIGY QPKEALVQLVGKHVS

SEQ ID NO.3
MAIVNATDQTFVTETSTGVTLVDFWAPWCGPCRMIAPVLEEVDQEMGDKVKIVKVNVDENQETASKYG
VMSIPTLLVFKDGNVVDKTVGFQPKEALVQLLQQHV

SEQ ID NO.4
MAITNATDQNFGAETSQGLVLADFWAPWCGPCKMIAPVLEELDSEMGDKVKIVKVDVDENQETASSFG
VMSIPTLIVLKDGEVVDKVIGFQPKEALAELLNKHA

SEQ ID NO.5
MAIVNATDQTFIAETKDGLTLVDFWAPWSGPCRMIAPVLEELDREMGDKVKIVKVKVDENQETASKFGV
MMIPTLLVFKNGELVDKAVGYQPKEALVQLVGHHV

SEQ ID NO.6
MAIVNATDQTFIAETKDGLTLVDFWAPWSGPCRMIAPVLEELDREMGDKVKIVKVKVDENQETASKFGV
MMIPTLLVFKNGELVDKAVGYQPKEALVQLVGHHVGSGSGDDDDKEGTFTSDVSSYLEGQAAKEFIAWL
VRGRG
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W FE KB

1L — MR AR E AR, HAEMERE T, SIS & =AML A G nl A R EE R

HH.

2 ARAE BRI E SR 1 B R S 8 1 9848 A,  HAFIEAE T, iIZIR S0 S A 9 R 2 70 TR

W AT AR AR AN TRTET,

3ARAE R ER 2 ATk (AR R B 1 980k, HASIEAE T, FrdmiE e E AR E AN
EAA, fridEAH BN SEQ ID NO.1 FiRg &M/ 7%, W SEQ ID NO.2 Fina 5L 771
W SEQ ID NO3 i@ M 74 L 1 SEQ ID NO.4 s E B 25 i) & /b — Fhdi il

4 FRIEBCRIESR 3 BTk (IR 0L 8L (A 98784k, HASIEAE T, FridiRE i & AR & A1
RAEELFF) I SEQ ID NO.1 AR, ZMAKEARTHEEHA 1| PHIEDS—ANEIRBRIE
Wes AR, Hd. 41 WEERFFH SEQ ID NO. 1 JiREd M FF (6 E D8 T
10. Al12. Al13. T15. D17. D23. C29. R33. A36. D43. R44. K51. N56. D58, S71. T
74. Q82. D85. Q91. K93. E9%4 H1 K102 4 .

SRR ER 4 FriR B A IS & A 9Bk, HEFEAET, Bridin SEQ ID NO. 1 iR
BT E D8 I D # Q. E. A, K. R, SELT B, Frikan SEQ ID NO. 1 fin
AEBFIME TI0H T#H D. E. Q. K. R. SEIHL: #1 SEQ ID NO. 1 fina it
B FF A E A12 I A% G, E. Q. K. R. SE{IHUL; 1 SEQ ID NO. 1 fiRaE T
AT E A13 [ A% Dy E. Q. K. R. SE{IHUL; 1 SEQ ID NO. 1 Fin@ g T 5K
I8 TIS I TH L. V. Ay T EURBBEMIER; @1 SEQ ID NO. 1 fin@ X F 6 E D1
7D N, E. Q. K. R, S. G A BUAL; W SEQ ID NO. 1 P& 3R 75 11 & D2
3D T. Q. K. R. S. GEENHUE; %1 SEQ ID NO. 1 Fina 2 EF A E C29 1Y
CH# R. D. S, T. N, K. W HUREHMIGR: 20 SEQ ID NO. 1 iRz &L 77| 16 & R3
3R D. E. Q. K. NBLR HUfS; %1 SEQ ID NO. 1 i@ LR IFEF K6 & A36 ) A
# G. S. T. K. R. H. L BUREHEMIEE: 01 SEQ ID NO. 1 @R FFIAE D43
) D # Q. Y. W, P. I B{ E Jf8; #1 SEQ ID NO. 1 Jiin@ B F o {7 8 Ra4 ) R 4% L.
A. Q. S. T. KB HHUR; @1 SEQ ID NO. 1 Prng L e s i6r B K51 1K K # Q. D.
R. E B I HUX: @ SEQ ID NO. 1 i@ EMITFIAE N56 FIN# E. Qv Ry K. W B
Y EUft: 0 SEQ ID NO. 1 Jin@ T HIHIf7E D38 ) D 4 W. R. T. D. Q. HE E
;1 SEQ ID NO. 1 FiRZ L2 A E S71 /) S#% 1. L. K. D. M. E 3¢ N BUf¢;
71 SEQ ID NO. 1 JinEEMBIFEFIHIAE T74 B TH# 1. L. D. S M BV HUL; W SEQ I
D NO. 1 Jin& R IT 714 8 E82 M E # Q. N. R B K Hf€; 41 SEQ ID NO. 1 lin4
EBTFIALE D85 D #% Ry Q. H. N. E B K Hf; 1 SEQ ID NO. 1 FinEiLiRT
TIMAIE Q91 I Q4% E. Y. 1. NBK R BUMX; W SEQ ID NO. 1 FriRZ IR P51 B K9
3K Py M. S. I. QBN EUL; @1 SEQ ID NO. 1 in&FL R PIKALE E94 [ E #
D. S. E. Q. N. KB R Blft: @1 SEQ ID NO. 1 Fr-a g7 6947 & K102 i K # D,
S. E. H. Y. KB R HfL.

6 AR EER 2 Bk (AR SR B 1 980 A, HASIEAE T, Frdmisd i & A& A =
A1 SEQ 1D NO.1 Fimg@ L e v 5 /b 70%9E 45 bR — PR 2 4 15 5 )5 SEQ ID
NO .2 B2 28 7 51 220 70%100 5 93 bb Rl — PR 228 7 31 5 SEQ ID NO.3 Fin g 22
B 3 B 20 70% 0 H 4 b R — PR = R B2 7 A1 B SEQ ID NO.4 Fion & LR 7 I 20
70% I T 4 bb Rl — M R R P 71

TIRPEBOREER 2 Frid a1 58k, HAHEAE T, FrdimEic A& H
HAHW SEQ ID NO.1 FinBIa LB 5H TrxA. W SEQ ID NO.2 PR E 28 5/ Tr
x~ 11 SEQ ID NO.3 s E ERITFI N Trx. 1 SEQ ID NO.4 FixE R FFI Trx.
HAE 5% SEQ ID NO.1 FinE LR FEFI K2R /D> 70% H 7 A — M & 2R 5 LA B A
51 SEQ ID NO.2 PFinlfEERR IR ZE D 70% 1 4 bRl — TR E R TP R, %A
WEARBAREA 4 POED— NIRRT EHaimman, Hh. 44 WEERFFHZ
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BRI AR R R T A 8 8. 10, 12, 13, 15, 17, 23, 29, 33, 36. 43, 4
4, 51, 56 58, 71. 74. 82. 85. 91. 93. 94 f1 102 4H/K.

S HRIEHFELR 7 Frild iR E L R AR AME, HAEHEE T, BBImHEERNAE N 15
+51 BY 23+51 B, 85+93 B 15+93 B 23+93 B 51+102 BY 15+102 B 15+23 B 23+85+93 BE 15+
85+93 B 51+85+93 T, 44+85+93 B 85+93+102 B 23+44+51 BY, 44+51+85 B 23+51+85+93 T, 1
5+51+85+93 BY, 15+23+85+93 BY, 23+44+51+85 BY 44+51+85+93 BY 23+44+85+93 Bk 15+23+51+
85+93 EY 23+51+85+93+102 BY 23+44+51+85+93 BY 15+44+51+85+93 BY 12+56+71+93+102 Bk
12+15+56+71+102 BY 15+23+29+44+51+85 Bl 15+23+44+51+85+93 B 12+23+56+71+93+102
By 12+56+71+85+93+102 BY 15+23+44+51+85+93 HY, 23+44+51+85+93+102 B 15+23+44+51+8
5+93+102 8% 15+23+44+51+56+85+93 BR 15+23+44+51+71+85+93 X 12+15+23+44+51+85+93
% 12+15+23+44+51+85+93+102 Bk 15+23+44+51+56+85+93+102 BY 15+23+44+51+71+85+93+
102 BY 15+23+29+44+51485+93+102 BY 12+15+23+44+51+56+85+93 B 15+23+29+44+51+56+
71485 B 12+15+23+44+51+56+71+85+93 B 15+23+43+44+51+74+85+91+93 BY 15+23+29+44
+514714+85+93+102 B 15+23+44+51+56+71+85+93+102 B 12+15+23+44+51+71+85+93+102
B 12+15+23+29+44+51+56+71+85+93 BY, 15+23+43+44+51+71+74+85+91+93 BY, 15+23+43+44
+51+74+85+91+93+102 BY, 12+15+23+44+51+56+71+85+93+102 BY 12+15+23+44+51+56+71+8
5+91493+102 B 12+15+23+29+44+51+56+71+85+93+102 BY, 12+15+23+44+51+56+71+74+85+
93+102 BY 12+15+23+43+44+51+56+71485+93+102 BY 12+15+23+29+44+51+56+71+85+91+93
+102 BY 12+15+23+44+51+56+71+74+85+91+93+102 B 12+15+23+43+44+51+56+71+85+91+9
34102 B 12+15+23+43+44+51+56+71+74+85+93+102 BY 12+15+23+29+44+51+56+71+74+85+
91+93+102 BE 124+15+23+43+44+51+56+71+74+85+91+93+102 BE 12415+23+44+51+56+71+74
+82+854+91+93+102 BY 12+15+23+44+51+56+58+71+74+85+91+93+102 B, 12+15+23+43+44+5
1+56+71+74+82+85+91+93+102 B 12+15+23+29+43+44+51+56+71+74+85+91+93+102 B 12+
13+15+23+43+44+51+56+71+74+85+91+93+102 B 12+15+23+33+43+44+51+56+71+74+85+91
+93+102 BY 12+15+23+43+44+51+56+58+71+74+85+91+93+102 B 12+13+15+23+29+43+44+5
14+56+71+74+85+91+93+102 BX 12+13+15+23+33+43+44+51+56+71+74+85+91+93+102 BL 12+
15+23+43+44+51+56+58+71+74+82+85+91+93+102 B, 12+13+15+23+29+43+44+51+56+58+71
+74+485+91+93+102 BY 12+13+15+23+433+43+44+51+56+58+71+74+85+91+93+102 BY 12+15+2
3433+43+44+51+56+58+7 1+74+82+85+91+93+102 B 12+13+15+23+33+43+44+51+56+58+71+
74+82+85+91+93+102 BE 12+13+15+23+29+33+43+44+51+56+58+71+74+85+91+93+102 BX 12
+13+154+23+29+43+44+51+56+58+71+74+82+85+91+93+102 B 12+13+15+23+29+33+43+44+5
1+56+58+71+74+82+85+91+93+102.,

O — P BRI B R 1-84 - — T B [ S b a1 SR AR I & 71k, BV PR

1) PATREGE S AR AL (A I dmdE L TR AR AR, A HOEAT REALR AR, M 3R15 ZRhg i 4
M5 1 TR AF AR 2 (R SR AR P

2) KA O A A R R AR B R R E Uk, SR EARIABUE, R
FriR RiE s L 28 B RRIETE 3, FHImdk H A & & FIIR AL B A R AR R IE

3) MR A B A R AR TR IE SCHFE IR E I B 1 R AR e A ZL R - AT E e B, T E
HAAGEAT A Vs, ML HAAGH 52 T FEH A i g Bt fim sk 8 A AR IRk S
F s

4) WA AR E S EN N BT 50 IAd BB 7R 15 772 2 005
AEKHER, IMABESHITETES, SR a &, RE TR P IMAGEEIRMSZ P RIES)
, T70-100°C/KB I E — B IR], BUEEE O 5 EiEREBE4T SDS-PAGE S #T, R¥EL Wt
25 P R /INEAT I S804 B 1 AR AR AR B T S AT Y 1 BE 1 R 1 5

5) A Hgmbt B A B A & B O SR R B —RhER 2 PP RIUE R R, 3RIS B AT #iva]
FEMEREFE T IR L 5 A R AR RN, ml kP 0 IR ) Bl4) EE—RECETIX
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6) FPERITHIELA M A ]V PR RE SR T R i 2 3 R BT RIS

10— FROIBUN ZER 1-8 AL TUIrd A IC 8 A R AR E AR A A A PR AL,
FAEAET, Prid A S EANSMATR, 75l gk 1 mggkatk 2, . 45
1 IREHN: I & AR —E R —UIRI i —— B IR 2 R A, 45
A 2 (LSRN BRARAE B A RARAE—— DI HI L o —— B A AR 2 PR (15

iR 1 IR TR Hin i IREE A S VI RIGL a &5 G R A2 P s 1, A
1 HEERRASEER A 2, diaid 2 55T EIE B A T AR I S R AR i SR B R S 4
ERBIPR S 15

ZERR 2 MR TRy B2 e E AR SR w4 R R R A 1, R
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INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2019/095114

A. CLASSIFICATION OF SUBJECT MATTER
CO7K 14/47(2006.01)i; CO7K 19/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CO7K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, CPRSABS, DWPI, SIPOABS, CNKI, 77 /7, ISI Web of Knowledge, BAIDUFITRZ1H: SR E L E A, 2248, &k, &
T E 1, @i, thioredoxin, TRX, mutant, mutation, thermal stability, fusion, etc.; Genbank, EMBL, H E T R LY R &
LIFIR AT SEQ ID NO: 1 x H 44 F%1]. China Patents Biological Sequence Search System and searched sequence:
SEQ ID NO:1

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 108912221 A (CHENGDU YINGPUBOIJI BIOTECHNOLOGY CO., LTD.) 30 November 1-10
2018 (2018-11-30)
claims 1-10 and embodiments 1-5

A WO 2004013283 A3 (UNIVERSITY OF ROCHESTER et al.) 11 August 2005 (2005-08-11) 1-10 (partially)
entire document

A JP 2003274944 A (RIKOGAKU, S.) 30 September 2003 (2003-09-30) 1-10 (partially)
entire document

A US 2003166518 A1 (BEARDSLEE TA et al.) 04 September 2003 (2003-09-04) 1-10 (partially)
entire document

A WO 2010056901 A2 (UNIVERSITY OF SOUTHERN CALIFORNIA et al.) 20 May 2010 1-10 (partially)
(2010-05-20)
entire document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“p»  document published prior to the international filing date but later than ~ « & document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

05 March 2020 23 March 2020

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2019/095114

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2019/095114

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

[1] Invention 1: a thioredoxin mutant, a preparation method therefor, and a use in recombinant fusion protein
production, the thioredoxin mutant being obtained by modifying at least one amino acid position in the amino
acid sequence as shown in SEQ ID NO. 1, wherein the modified amino acid position includes DS.

2] Invention 2: the same subject matter as invention 1, wherein the modified amino acid position includes T10.
3] Invention 3: the same subject matter as invention 1, wherein the modified amino acid position includes A12.
4] Invention 4: the same subject matter as invention 1, wherein the modified amino acid position includes A13.
5] Invention 5: the same subject matter as invention 1, wherein the modified amino acid position includes T15.
6] Invention 6: the same subject matter as invention 1, wherein the modified amino acid position includes D17.
7] Invention 7: the same subject matter as invention 1, wherein the modified amino acid position includes D23.
8] Invention 8: the same subject matter as invention 1, wherein the modified amino acid position includes C29.
9] Invention 9: the same subject matter as invention 1, wherein the modified amino acid position includes R33.
10] Invention 10: the same subject matter as invention 1, wherein the modified amino acid position includes A36.
11] Invention 11: the same subject matter as invention 1, wherein the modified amino acid position includes D43.
12] Invention 12: the same subject matter as invention 1, wherein the modified amino acid position includes R44.
13] Invention 13: the same subject matter as invention 1, wherein the modified amino acid position includes K51.
14] Invention 14: the same subject matter as invention 1, wherein the modified amino acid position includes N56.
15] Invention 15: the same subject matter as invention 1, wherein the modified amino acid position includes D58.

16] Invention 16: the same subject matter as invention 1, wherein the modified amino acid position includes S71.

18] Invention 18: the same subject matter as invention 1, wherein the modified amino acid position includes Q82.
19] Invention 19: the same subject matter as invention 1, wherein the modified amino acid position includes D85.
20] Invention 20: the same subject matter as invention 1, wherein the modified amino acid position includes QO91.
21] Invention 21: the same subject matter as invention 1, wherein the modified amino acid position includes K93.
22] Invention 22: the same subject matter as invention 1, wherein the modified amino acid position includes E94.

[

[

[

[

[

[

[

[17] Invention 17: the same subject matter as invention 1, wherein the modified amino acid position includes T74.

[

[

[

[

[

[23] Invention 23: the same subject matter as invention 1, wherein the modified amino acid position includes K102.
[

24] The same or corresponding technical features shared by inventions 1-23 are: performing amino acid substitution
on thioredoxin as shown in SEQ ID NO. 1, and obtaining a thioredoxin mutant having good stability under
a high temperature environment. However, embodiments 1-5 of document 1 (CN 108912221 A, publication
date 2018-11-30) disclose a thioredoxin mutant which is obtained by performing amino acid mutation on
thioredoxin as shown in SEQ ID NO. 1, and has better thermal stability. It is apparent that the same or
corresponding technical features shared by inventions 1-23 are disclosed by document 1. Therefore, the
inventions do not share a same or corresponding special technical feature that defines a contribution which the
inventions make over the prior art, and thus do not satisfy the requirement of unity of invention, and do not
satisfy the criteria of PCT Rule 13.1.

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: Claims 1-10 (in part)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Information on patent family members

International application No.

PCT/CN2019/095114

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
CN 108912221 A 30 November 2018 CN 110128521 A 16 August 2019
WO 2004013283 A3 11 August 2005 AU 2003263795 A8 23 February 2004
us 2006148057 Al 06 July 2006
WO 2004013283 A2 12 February 2004
AU 2003263795 Al 23 February 2004
Ip 2003274944 A 30 September 2003 None
uUs 2003166518 Al 04 September 2003 None
WO 2010056901 A2 20 May 2010 us 8802394 B2 12 August 2014
uUs 2011300579 Al 08 December 2011
WO 2010056901 A3 22 July 2010
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