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ABSTRACT

In recent years, antimicrobial peptides (AMPs) have attracted widespread
attention in the field of anticancer therapy and become promising drugs for cancer
treatment. It has been reported that small proline-rich protein 2A (SPRR2A) is an
intestinal antibacterial protein rich in proline and contains five pairs of intrachain
disulfide-bonds. SPRR2A was successfully expressed in Sf9 insect cells. During
helminth infection, it targets gram-positive bacteria through membrane permeation,
thereby protecting the intestinal barrier. However, it remains a challenge to obtain
active SPRR2A through prokaryotic expression system. This study successfully
obtained the active fusion protein SPRR2A (Trx-SPRR2A) via prokaryotic expression
system for the first time, which consists of two fragments: the thioredoxin tag Trx and
SPRR2A. Subsequently, in order to explore the biological activity of this fusion
protein, the antibacterial activity and in vitro antitumor efficacy of Trx-SPRR2A were
evaluated in this study. This paper mainly focuses on the following three aspects:

(1) The recombinant plasmid pET32a-SPRR2A was constructed using seamless
cloning technology. Due to the fact that proteins rich in disulfide bonds often exists in
the form of inactive inclusion body in the reducing cytoplasm of Escherichia coli. 1t is
urgent to improve the expression system of Escherichia coli. The oxidative mutant
Escherichia coli strain Rosetta gami (DE3) pLysS was employed as the expression
host. The efficient expression of the fusion protein Trx-SPRR2A was successfully
achieved using an oxidative mutant E. coli prokaryotic expression system, and it was
purified using a nickel ion affinity chromatography column. The target protein was
characterized by MALIDI-TOF mass spectrometry, and the results showed that
Trx-SPRR2A was successfully expressed with a molecular weight of 21.547 kDa. The
secondary structure and thermal stability of Trx-SPRR2A in PB at pH 7.4 and MES
buffer at pH 5.5 were determined using circular dichroism, and the results indicated
that the main secondary structures of Trx-SPRR2A are B-folding and random coil, and
it exhibited strong thermal stability below 75 °C. The fusion protein was incubated
with a cell medium containing 10% serum for different times and detected by

SDS-PAGE, Trx-SPRR2A showed good serum stability. The disulfide bonds in



Trx-SPRR2A was analyzed by high-resolution mass spectrometry, the results
indicated that dimers with a molecular weight of 41348.35 Da were formed under
non-reducing conditions. Peptide map analysis of the Trx-SPRR2A after enzymatic
digestion revealed that the monomer protein contained 7 pairs of disulfide bonds.

(2) The antibacterial activity of the fusion protein Trx-SPRR2A was evaluated
using Enterococcus faecalis, Listeria monocytogenes, Staphylococcus aureus and
Citrobacter rodentium. Plate colony counting, scanning electron microscopy,
live/dead bacterial staining and PI uptake experiments were performed. The results
indicates that Trx-SPRR2A exhibits dose-dependent Kkilling activity against
gram-positive bacteria such as Enterococcus faecalis, Listeria monocytogenes, and
Staphylococcus aureus. However, it showed weak antibacterial activity against the
gram-negative bacterium Citrobacter. This indicates that the fusion protein
Trx-SPRR2A obtained through prokaryotic expression retains the antibacterial
activity.

(3) The fusion protein was labeled with fluorescent dye FITC, and the cellular
uptake of Trx-SPRR2A by MCF-7 cells was determined by flow cytometry and
fluorescence inverted microscopy. The results showed that an enhanced cellular
uptake of FITC-Trx-SPRR2A was observed at pH 6.5. The antitumor activity of the
fusion protein was evaluated through a series of experiments, including MTT, crystal
violet staining, live and dead cell staining, cell membrane permeability test, and
Annexin V-FITC/PI double staining. The results indicated that Trx-SPRR2A
displayed obviously enhanced antitumor activity against breast cancer cell MCF-7
under weakly acidic conditions, and the proportion of apoptotic cells increased
significantly.

In summary, we have successfully biosynthesized the fusion protein
Trx-SPRR2A rich in disulfide bonds via prokaryotic expression system for the first
time. Its physicochemical properties were comprehensively characterized. And its
antibacterial and antitumor activities were preliminarily investigated through various
experimental methods. The experimental results confirmed that Trx-SPRR2A has
good application prospects in the fields of antibacterial and antitumor therapy. This

study can provide new ideas for the development of new antibacterial and antitumor



agents.

Keywords: Small protein 2A rich in proline (SPRR2A); Trx-SPRR2A; Disulfide

bond; Prokaryotic expression; Antibacterial; Antitumor
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Fig. 1.1 Schematic diagram of the interaction between antimicrobial peptides and cell
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Fig. 1.2 Non-membrane targeting mechanism of antimicrobial peptides**.
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Z IR 2GR HE N e e VR I O I PRI B B, SEAEAS — 4R i), Hh 254
WHFFE K (Bacitracin)  ARERKL B 22 (Colistin sulphate) L% DhiE I ##t, 3K15
T BB, NREAEIR T AT R TR A B S RS,

e 40 M R E Tl i e S L) S TR A A5 SR T O B IR IR 22 R (PS) Mgk
JElk Ol (PED  H JERANMIE A 2572 1 4E MR i A0 = 5 B0 40 ) Fe £
VRSN, PRI, s 200 5 2 o R AR AL L R R ek, AR, LRk
LU TE 5 200 B vy, 3 9 2 Ak o i 2 L OBt P DL AR A i F A LA P RS 0 R PR )



1 it

TR AERE fB08), CLG BHI TAE 8 M0 A V8 e e e VR 9T 29 kAT T AL
Dan Hou &8 N VFA 175 1 3% 5 G PH 25 5~ U 18 ik NRC-03 7E CAL-27 11 SCC-9
T SRR AT (OSCC) ANz . 4B T-F1 DNA 50538 ), 458
F B, NRC-03 Refip s 2] OSCC 4iiffl, FHLNAMAMMLL G, FEUl
MUY SRR K A DNA W2, Dongying Wang 50t 72 N IR AIRZER T
BTG IE B AH A PURIK UM-6 £ 5 5= 40 5% (Caski 1 Hela) H ({4114
FEAPOT AR, PR R ER, UM-6 @il S @ WmMRET, B BMIE
Hippo-YAP {555 Si&4%, A RN 7 5 200 40 M (0 Y B AL 78 . 1X — R IR B
UM-6 B A 1E R BP9 B R 710, BRI LAAR, B 78N D138 R IS 43 it
S JIKAE R L0162 i ) IR RE AN B AR (), LRI (6164051 T Jeg (000N I il Y3 97 v
BN R SE 4R EE Pk

1.3 KB RiRRIEK

IRE) IR R R 4R Hon] LR AR R TS E R G AR il & IREAT 38 . 12Kk
BORZARALR T & ok RS A Raete, MRIEREEENER, Wil
HRIERAG S FERRIE ARG, RO RIS B RS RGN RIL RS
“HFGPTARIRRIE RGN 97.4%, K, XPIRMERIL RGBT TR &G
FIERIIRAE P RGEEO), ML T HRIE R G, FZRIERGEER, §RIL
A H A

HRYEAH AL, 30% LA_E I EH & FRZGYIAT 50% UL E B LR A 52 AR
PP A AT RIE UL, RIFF AR RS - REE 3, REE2 0%, Ak
g B THEIE. ARG, ARENEIREER .. RiEER R A YHEE.
R A P25 00, RS RIAF i 8E R GUEA MBI, EHAFE—EN
R BRTE s KMght BRI RS B R IE R G L O R 18 5 B T — IR AL
MR S R A AL, XA B AR RE A i BT S HARIE RGP I
TR, SEEEEATEIEHITE, PSS T,

TR VR R N S B D R R O E R, HO B
R SR 2 A S N T B 3L 8, DRI S T PR 58 2 — 0 B B 0 2
A FEVFZ A AR, TR AT A S A A R AR R AR RE 8 9 FL R I T
PR A AL T BE LK A 1 1 SR A 22 a) i B A EAT o AT T S i 2 T ol
Fe A TR R SR P, ARSI, K AT E T DsbA-DsbB X Al
DsbC-DsbD X 7£ 1 BN 57 44 40 — B B 47 505 St A €, DsbA AL R 1 i vh —
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SPRR2A I %K S A A M 7
S JE i, DsbB I8 1 195 15 45 A4 1 H 1A% 35 45 PR E , DsbC A DsbD #4744 41,
BERTE R it . SR, AEJE BT RIS B RN R R i@ 3] L e, 4
PR, BRZ ATP SEAISRCRICTIT M E B R E T ES . XL R B —E
FEFE _ES2MR T Rl o T R SRR F
N TG XL ), AR BRSO R SIS S s R I BURIA I X . SR

1T R AT v A B h A AE 2 R IE IR R G, A B H KL i g (gor) A L
HiCIREE (rxB) RGN R EE N ML E A2 58, X %’a;?/a\ﬁm%ua

HR R, 1 i haX — ), ﬂ’ﬁﬁ/\m*ET#&??Y%%%HEIZ%BH%,
R AT B e S A A & & i I A st B SRR A LU A
()i ML Ak, LR B Novagen 2 7 [ origami 5% rosetta gami AR B SHuffle,
T C TR R A 5T P A I SR AR S S IR, A I L R R () 40 5
DA I T8 A 8 o 7 () A AE 1 — B S A Bl A 1 DsbC, 1 T A R 401 i Jod Hh AR
()AL E TR B AT ) R, bR M B T Ok B Y IR AR . SARS-CoV-2
Omicron BA.5 AR 52 4R 45 G4k (RBD) I\ & BR IR T s VU A — it gt
N7 IERELN s, Rawiwan Wongnak S RN RIEBAL TR THESUER E.
coli T7 SHuffle Witk, 1EEHFAF T 16 °C KGRI EE T %Kik RBD, PUEi#

R R IE B R R IR B i B, AT D SE B T AE E. coli AR A 1R

T BEECN ) RBD. JUONE M, EIdEZRIAR RBD KI5 KR RGD
FAAL R ZE A 2 A AL ) AR R 47700 ()£ K P V1 200 LT 51 N R R 1 £
SRR H) A FAEE Ervp 5 Ziitd b, LIS — M & KRG REE E &
TR EE R, Daniel S. Yu 50 7 7£ SHuffle K7 # # H % H CyDisCo
ARG LRI A HEE A By PDI AR I GG Ervp SRt — BT H AR 1
WMEE. EENIXPILRIA NG, CyDisCo RSLREWTE SHuffle N7 B+ i Dh i it
A R E B PR TS A AE U, ik, B ST 51 AT LR D AR R AT e
Hh ] % LR AT TR R S O Y



1 it

a E. coli b SHuffle E. coli
RO — ——y
C,- -I\_j p— S ———

Oxidised

Cytoplasm

¥
GSH‘_ ’GSSG
OF (V]
: : @
_E _— (' - Oxld}gg
552 G ;-,\.
Cytoplasm - ﬂ(\ K U Isomerisation Or\-j

v 7. & -
o e @ S . D
GSH GSSG

N
&

c SHuffle E. coli with CyDisCo Co-expression
————— i
—— T —
a Cytoplasm
e S
GSH\ ,GSSG

HgsH  HSSH

28 L% 1%

'y
B4 5
) @

H,0,
0;

B 13 KMHRRERAT MO Hr. (a) ROMATFAEARXBAAAFTHEZL, (b)
%33 AR TAZGE 69 SHuffle KATH, HMfeRIR3E LR AT m AR, (¢) &
SHuffle X 4T H *F #] Bl CyDisCo % %44 & A& & — 54t St 8 PDI #=#BF A ALEE Ervip k&
P3G 5% AL 200,
Fig. 1.3 Formation of disulfide bonds in E. coli expression system. (a) Protein expression in
wild-type E. coli. (b) The cytoplasmic environment of genetically engineered E. coli SHuffle was
changed from reduced to oxidized type !l (c) In E. coli SHuffle, co-expression of protein
disulfide isomerase PDI and mercaptan oxidase Ervlp by CyDisCo system was used to further

enhance the oxidation pathway [7],

1.4 SPRR2A & 47

WEFCIRIE, NEEEH 2A(SPRR2A)Z — P E 5 U IR L2 AN — Bt it (10 i i 3% T 2R
F, Ho A 3 B2 R B A R R (AR IR, XA A A



SPRR2A I i 3 % AE W2 5 A BT 5

R ERERIL, HALE R AR T AR B ERIR AR 241 T, SPRR2A
REA% 55 £ PR 00 4 B A PSS A e PR TELAE P, ST X o 2 R PH P A0 B )3 1k
AIHK, # SPRR2A B, H52x 5 80 2 [QRH M40 0 7E /N i i s AR U2 Hh i
FEFHI), 1K — R PRI OB TR R R . 1 T SO i A% R
153843 SPRR2A, - HAESE: EASZRE —HREEIE A E. coli BL21(DE3) ik 4l
WARAFH) SPRR2A AHEAHUREEE, BTl o T HPURmE 2 e E 2, b
HATE PR AR B R N AR, PR S N I8 i R85 92

Membrane
disruption

= Cell death

ﬂMWM v mm
AR ss o des'as

& 1.4 SPRR2A )& Je @ 15 R AL .
Fig. 1.4 Membrane targeting mechanism of SPRR2A.

1.5 AREIRENX

BETUEAE R, AMAEEdEEERERE LIS HE mEm
SPRR2A [ 5IRFRIE . A T TR B SR R T i, AR 7 H A8 Y T8 K
FF B8 # #% Rosetta-gami (DE3) pLysS {Ey&EIETE £, IFXTIRTF SPRR2A HIHTEE
PRGBS AT VI B TT . AL RTONE & i A EAR R A SR it S
%, FERT A B AN 25 R A SR AT L

10



2 SPRR2A [ 4%

2 SPRR2A g9

2.1 KR SER

211 SERIFISHR

SanPrep 11U 5TRL DNA /NEHIFR AT &5 PCR M2l A&, FERWY
HAETAY TR (BE) BHOEKRAE; DNA Marker (100~8000 bp) 5 Protein
Marker (10~150 kDa/14~120 kDa/10~250 kDa) 8 H 4\ & EWHAR G R A7
2- (N-MHER) ZHR (MES) W HZ K ERHCA PR A w] s BRI 5 J5H AR
BARAF; ZRHEGEF L (Tris) WH biosharp; 2 M A H 8
TR ARA AT

2.1.2 EERFIECHI 577X

¥l U]

10mM MES Z2 (pH 5.5) MES 0.46g
NaCl 0.29¢
EKETK 200 mL

20 mM Tris 22K NaCl 242g
Tris 4.84 ¢
EKETK 1L

5xTris-Gly HLIKZE MR SDS 5¢g
Tris 15.1g
HaEmR 9% g
ZETK 1L

5xLoading buffer BRI HE 25 mg
SDS 05¢g
2-FidE L 125 uL
H 2.5mL
EET/KERZE 5mL

o)
0

2.1.3 SLIG{YUES

11



SPRR2A )5 #% K35 I B A5 TEWT 5T

AR A5 72K

TH iR <6 J& Ve DH300 IRA i A ER S RN

5 — i i A SW-CJ-IFD PINEIEe S

e P AR AEEATL Q500 Qsonica

PCR 1% T100 Bio-Rad

pH it HI2223 LIS GRIRABAX 2R A PR A 7]
L67780'8 ELx800 BioTek

% %€ 81X NanoDrop NanoDrop One Thermo Fisher Scientific

2.2 SEWHE

2.2.1 ¥JE pET32a-SPRR2A E4HFRKI
2.2.1.1 &IHFRTFI 1 SPRR2A EERIS |14

EFX%F SPRR2A Fr B, i€ PCR Y G5t AR (WE2.1D)
% 2.1 ¥ ¥ SPRR24 £ R ¢4 5|45 % 7

Tab. 2.1 The primer sequences for amplification of SPRR2A gene

Name Primer sequences (5°—3”) Length (bp)
CTCGACGCTAACCTGGCCATGTCTTA
SPRR2A-F 36
CCAGCAGCAG
GTGGTGGTGGTGCTCGAGTTTAGATT
SPRR2A4-R 36
TCGGCGGGTA

22.12 SR ES441L BrIERE SPRR24

FIH pUC-57-SPRR2A #ARAE AN, #id PCR BT 4 PUAH H bRtk , AP
SPRR2A4. %—%H PCR RN IYTE 50 puL [P R AT .
(1) PCR I MifhF

5l LS
ddH>O 32.0 uL
5xTransStart FastPfu Fly buffer 10.0 uL
dNTPs 4.0 uL

SPRR2A-F 1.0 uL

12



2 SPRR2A [ 4%

SPRR2A4-R 1.0 uL
pUC-57-SPRR24 1.0 uL
TransStart FastPfu Fly DNA Polymerase 1.0 uL
Total 50.0 uL
(2) PCR RNVILFF
L] I ipgl {EE2N
® 95 °C 2 min
@ 95 °C 20's
® 65 °C 20’ B O
@ 72 °C 30s 1BFR 30 X
® 72 °C 5 min
©) 4°C ~

(3) BARIHEAL
N T HAL DNA BERREE, [a1%4> PCR =48 HH 0 1 pL Dpn 1, HA%HIE Y
LGN N 10xbuffer, FJ5, 37 °C )M 2h, PARRERTE LIS R 5
(4) PCR F=#fr)$e4t
@A) PCR B H BL 1:5 BRI LI Buffer B3 H.W IR 5
QIR AWIENR AL, 9000 rpm B0 30s, FERRUIEEE N HIAA
OFE AL EN 500 uL ) Wash solution, #&J5 ] 9000 rpm [3 F&F 25.0 30
s, oo T HLIRA 5 25
@ RATH RS,
®%3d 8000 rpm 1) ESCo AL 1 min /5, BEH AR, [m] W BB P S N 35 pL
Elution Buffer, ###& 2 min 5 T 250 HLEL 12000 rpm &0 1 min LAk 2|44t PCR
FEPI H

2.2.1.3 ST HE pET32a Btk HO31403%3T

K PCR [IEARNS pET32a HAABEAT 2 ALY 1, JFNEBH5I1. (LR
22) .

13



SPRR2A )5 #% K35 I B A5 TEWT 5T

% 2.2 ¥ 38 pET32a 4R34 77

Tab. 2.2 The primer sequences for amplification of pET32a cloning vector

Name Primer sequences (5°—3") Length (bp)
pET32a-F CTCGAGCACCACCACCACCACCACTGAG 28
pET32a-R GGCCAGGTTAGCGTCGAGGAACTCTTTC 28

2.2.1.4 #{K pET32a RYLL L3 18

P pET32a Jotiki, Z4K %K 50 uL, @it PCR $ A il 145 5 U 20 2 4
P3R4
(1) PCR R MNAE &

vl LR
ddH>O 32.0 uL
5xTransStart FastPfu Fly buffer 10.0 uL
dNTPs 4.0 uL
pET32a-F 1.0 uL
pET32a-R 1.0 uL
pET32a 1.0 pL
TransStart FastPfu Fly DNA Polymerase 1.0 uL
Total 50.0 uL
(2) PCR JVFLSF
IS IR JZ I [ {EEZN
@ 95 °C 2 min
@ 95°C 20's
® 60 °C 20's SHRQH®
@ 72°C 1 min B3 30 ¥k
® 72 °C 5 min
© 4°C ~

(3) HERIE LS PCR P=44tift
i/ Dpn 1 W40, B3R[F] 2.2.1.2 (3)
(4) PCR P4tk
R & [ DNA Fr B, BIRIA] 2.2.1.2 (4)

14



2 SPRR2A [ 4%

2.2.1.5 PR EMIE pET32a-SPRR24 E4A AL
(1) Jofk vl Mk &

%l LR
2xSeamless cloning Master Mix 10.0 uL
Sterlized ddH,O 8.9 uL

LR 1AL pET32a 24 0.9 uL
SPRR2A 0.2 uL
Total 20.0 L

(2) Toés v b R B A

WRIEREEA R, BEREAMATKERN 1.5 mL 508+, FFfRR R
G195, WJE, KRB BN B E N 50 CCITER/KI A H, 4EFRE RN K
20 mino RMEEH G, SRR EOEEBRK EHATAE, DMEITRAOPER,
2.2.1.6 pET32a-SPRR24A EHRR M=% & E.coli DH50

4 pET32a-SPRR2A JT AN B NP2 Y5 AL 2 E.coli DHS /R 32 A4,
DL S 5K (1) B i «

(1) B TSELE-80 °C 41F FAETE E.coli DHSoJE 2 ASUMIEL Y, I E
UK EZZAG R

(2) ¥ 50 pL JEZ 405 10 uL A B R N =R R 551, b
IR A E T UK E# E 30 min,

(3) Kb FE IR A AR S B AL #2210 Be o 42 °C IfER/K IR
B, FEHZT 45 A G, REEF R E, §E 2 min;

(4) fEREF TAEG T, HL600 uL RIFIPLiER) LB #5375, I HER R
(3) h, a7 37 °CERMERPED 1 h, FEEEN 210 ipm;

(5) EIFJE I LL 4000 rpm 2540 2 min, 7 400 pL _EiEW, AR5 R4
FIESEARTTEIR A G E1RAT T& 7 100 ng/ul Amp 1) LB [l 4455 77 3L 3K 1
Bt JE R ORI R FRAA R, 1E 37 °C 4 R M TR R 7%

2.2.1.7 A= ENLEE

(1) 2P EREALERE 10 MR TERE R, /N OHEUE, a5l
20 pL LB ¥ Fr & it iR a, M, W MRS EGH 1 ul, AR % PCR
(R NSEAR 2, CAREI H B 3E R SPRR2A 52 15 B il Th T 4% v b 5

15



SPRR2A [ %3635 ] ) s Ve 5t
(2) B AEBERE R F VIR TR 7% PCR IR 2% 45 A2 15 IR
(3D e FU B IR W U M R VAR 00 B 5 2 0 N AR TR, I FLR R B 5 7
10 mL LB 8538 E &, 1 37 °C i 7% .
(4) $EHL pET32a-SPRR2A B 40 JFi ki
(5) Ll pET32a-SPRR2A4 Jyt5tR, FIA8EH 5105 ¥ 5714 51 Y0347 PCR M

(6)Hh7E TR Ja s pET32a-SPRR2A 41 i #ii%4+: Sangon Biotech 23 &I

A.PCR R NER GEASIYD

L%l LS
ddH>O 32.0 uL
5xPCR buffer 10.0 pL
dNTPs 4.0 uL
DNA template 1.0 uL
T7 Terminator Primer 1.0 uL
T7 Primer 1.0 uL
EasyPfu DNA Polymerase 1.0 uL
Total 50.0 uL
B. PCR Jx WAy CEHI514)
L] 5 It Ii) (RN
@® 95 °C 2 min
@ 95 °C 20s
® 50 °C 20's SHROF®
@ 72 °C 30s 13 30 1K
® 72 °C 5 min
© 4°C ~
C. PCR MR F CRERE517)
%l LS
ddH-O 32.0 uL
5xPCR buffer 10.0uL
dNTPs 4.0 uL
DNA template 1.0 uL

16



2 SPRR2A [ 4%

SPRR2A-F 1.0 uL
SPRR24-R 1.0 uL
EasyPfu DNA Polymerase 1.0 uL
Total 50.0 uL
D. PCR Ay Chestk ¥
L] 5 It Ii) TG
@® 95 °C 2 min
@ 95 °C 20s
® 65 °C 20s SHROF®
@ 72°C 30s B34 30 IX
® 72 °C 5 min
® 4°C ~

2.2.2 Trx-SPRR2A EH RIRFTIA

W E T4 RICRIG, ¥ pET32a-SPRR24 AT K14 18 2.2.1.6 131k

W IR AL 2 Rosetta-gami (DE3) pLysS Bz &40, X—#H/EEEmE LA R
JRFIE Trx-SPRR2A AE 1M TRERE, LA A )5 825256 75 K

(1) Mt £57% Rosetta-gami (DE3) pLysS ) LB [E /A% 773 PRE R B 7%
T2 3 5mL LB £ 7530 (% 100 ng/uL Amp 5 CAP) , 45 ND-@; 7
1 324 5 mL LB WAB; 72 (% 100 ng/uL Amp) HH4%8h2& B 40 i ki pET-32a Y
Rosetta-gami (DE3) pLysS, %5 A®), —ilEE TEEGAERFEFE 8 h,
BJEWE N 37 °C, #5210 rpm;

(2) ¥ 5537 J5 BRI SR T 3 1 0.4 L 1 LB AR 323 ip AT I K%
It I AA@-©iR R E Y 37 °C, Hid 220 rpm;

(324 ODeoo $%£IT 1.0 B, @ 5® NN 200 uL [ IPTG(AIKFE A 0.5 mMD,
bE 5 RS FE 12 h, WREREN 16 °C, #iE N 180 rpm;

() B2k 55 7% 5 BB R il T R B BS AL EL 8000 rpm B940» 15 min, Fifi 5,
2B BIEW, R ARTE I AT PR

(5) Ak FRE 5 R AR e B 1:12 (W/V) BIELIS 20 mM Tris 2%
MR G, 8 U ST BRI BEJS, SRR P B R LA 40% 11 1) 38 % B 4
BT TR, EEWATRE R, EHdfET, DLTAE 45, [A18R 6 s Mg

17



SPRR2A )5 #% K35 I B A5 TEWT 5T

S—

175

(6 73 7 HUEE P BHCRAE S 1 40 pL TRBUORE, #8870 T 4 °C 12000 rpm 25
040 min J5, HU 40 pL EIEWAAEE, PTG H 20 mM Tris 220K LA 1:12 (W/V)
(1% B A1) 25 8 ol A i

(7)) B& A kL pET-32a HA L H R EIEWR . RN IPTG #5551 &
HAFR LIEWR 0 IPTG 7 57 EA TR I AR . _LIiEWR LA ST FE &8
if SDS-PAGE i, PAHCECASFE 1L T Trx-SPRR2A HIZLIE K-

2.2.3 Trx-SPRR2A B4k
2231 EQSEHIERER

(1) F 40 mL ) 100 mM NiSO4 #4585 T HEAT = IR B 2 A AT R AE

(2) H 40 mL [#) 20 mM Tris 22 B A 34T P47 kb 3 5

(3) ¥4 200k P R AT B o A B S (1) 2 1 I VROEAT R IR S IR AR

(4) JH 2 f5FEAARFR ) 20 mM Tris 800 22 Bkt S P i 42 2R A

(5) RITHME D RGEBAE: EHARKER KR EES, A
R, I 204 40, 60. 80. 100, 150, 200 F1 300 mM FRIBKMEAE R, H AR
WEEAEFH 8 mL, DA RA R 25 B 23 B FIUSCAE H AR s

(6) BUREER B AW S SxLoading buffer U 1: 4 IELBIE S, TEIRG L
P35I FFLE 100 °C @i H &9 6 min LA & FE R, /5 i@kl SDS-PAGE M
BP IR,

(7) #JH 40 mL EDTA (pH 8.0) 584 ERE BL At A R A N, gt
1732 3 F2 485 A7 2 1 1 H 5

(8) 200 mL % & F /K HeAE Ak

(9) JEid 20 mL [ 100 mM NiSOs FHEEEE, .

2.2.3.2 Trx-SPRR2A =R 4i{k

(1) f# [ 30 mL 1] 100 mM NiSO4 ¥45 5 T 7 B E Mt b

(2) H 40 mL [#) 20 mM Tris 2 B A 34T P 1 kb 3 5

(30 44 223 7o R R A 0o AL B S 1) 2 VA T 9 OB A ) A4 A
(4) H 2 AR 20 mM Tris 28T 2 R TR R 2 5 1

(5) H 200 mL ] 50 mM BKMEARIEE JETAE, DUE—P LB E H
(6) HI 40 mL [¥) 200 mM PKMEIEBGE TS E A gEaTve i, LAE BArEE B

18



2 SPRR2A [ 4%

Trx-SPRR2A;

(7) FIF 40 mL f¥) 40 mL EDTA (pH 8.0) 544 E 48 DL K B A R AL
JRSE, 3T B F 4R S AR B A H s

(8) 200 mL % & F /K eAt Ak

(9) JEid 20 mL ) 100 mM NiSO4 FHEEE, FHHE;

(10D H4¥E/E 5 B Trx-SPRR2A I JE B OB bR bk 4, DLA MR T MES
ZerPiRrh, RS A 0.22 uM R JEARER I JFFH BCA &I Trx-SPRR2A HIKJE

2.2.4 Trx-SPRR2A B9 SDS-PAGE ¥ F

(1) ¥4ifk 5 1) Trx-SPRR2A 5 H ¥ i 55 5xLoading buffer DA 1: 4 [ LLA
RE, RGeS LRGN, REHFHFEMLE 100 °C BB+ & 6 min;

(2) #H Marker F1# ¥ R S AL T 26 1 4 47 () SDS-PAGE & H %
EREALH (5% 5 B IERD 5% R4 ), B TRk G Hh st R IR BL 60 V 18
17, IRy AR RN B ARG DA BA 2 B IRET, DMEE R 120 V 4RSIk,
TR TR EEE B ATV 1~2 em BB 515 1k H ik

(3) HIKEER)E, FERE T % Sl ge b, 47 2 /N3 st
. B SE, RO EOR 2R 2R KRB R TS e LIk, BE S NI e 9
AN I SR B B9, B O A T T T AL 5

(4) FIHBERAMAUE SR/, 1 Image T B G BB AF 75 b
Trx-SPRR2A £ FI40/% .

2.2.5 Trx-SPRR2A KR4 E

2% Ity = A e R 4l 4k Trx-SPRR2A 4615 1% Rk E T EP &rh, 244E
Sangon Biotech A F A H @ R = R B RS R LR i 40 R 2R 1 2 0 4 Bh o'
FAHT B A ER BE AT IS E] B 3. (MALDI-TOF/TOF) 3347 i 1% 447 o
226 B =—®IESIR
2.2.6.1 Trx-SPRR2A B = R Z5 #3946 M

(1) &iLaifb b FE ) Trx-SPRR2A, I8 o #E E 25008 34T FR 2 5 IRk 4a 11
(2) FIHE 3% (Circular Dichroism, CD) Xf Trx-SPRR2A #4740 #7, %
B 0.05 cm YEFEM LI, F 25 °C, 1 nm/s ({385 R AR KN 195~260 nm [ [X
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SPRR2A )5 #% K35 I B A5 TEWT 5T

ENESELE

(3) L 5mM PB &M (pH 7.4) 5 10 mM MES 22 (pH 5.5) ANk,
FA# Trx-SPRR2A [f] CD i,

(4) R4 CD il %di, FIA CDNN 3 AF50 8T Trx-SPRR2A ] 2R 25142
M5E&E,
2.2.6.2 Trx-SPRR2A BUFEEM 47

(1> H 10 kD [P 98 B0 0 204K J5 1) Trx-SPRR2A BEAT BR Ehk 4 db B,
A B E] PB M (pH 7.4) LK MES 22y (pH 5.5) , HEAZLIRELIN
15 uM;

(2) 7F 25~95 °C (¥ Bl Py sdid B = e s LU BT 5 °C Ffli— IR AR
KAE Trx-SPRR2A ] CD Y, [B — il ¥ n#s 24 2 °C /min;

(3) RYE CD s, 2% Trx-SPRR2A KR EA b B2k .

2.2.7 Trx-SPRR2A EHN-HRLE

(D) Wzt Brah. W%ER)s B3] 10 mM MES 2] Trx-SPRR2A;
(2) #FfE Sangon Biotech 2w H#EAT 8 H BT — S L XS 7047 o

2.2.8 Trx-SPRR2A BYIMEFE E M44 M

(1) Zid4ifb AR B Trx-SPRR2A, @I HJEEOE (10 kD) #HTRREES
Wit BHfE, W EBEHZE 20 mM Tris Sl

(2) ¥ Trx-SPRR2A #Z [ 20 uM FJZIKREE, 4r B INE] pH {ER8 6.5 Al 7.4
GRS TR, X PR TR & 10% 16 4 i ;

(3) WHBEA CO, MMIZFAT T, PRI il N 37 °C, IF53 4
TE 0\ 24 6+ 12, 24, 48 /NIFIIS [A] SUOEHE o AEREDSTIE N 8] 5, 8 5 X Loading
Buffer fi| & SDS-PAGE S H i, &L L A& E T-20 °C, PL& JEZsLa il
H:

(4) iEiL SDS-PAGE #EATHI . BE)S, A Image J A% X L83 H 2%
IR FEAEBEAT 404, BE TR Eeop 808, b — BT RAR IR, AR 5 B R
ANTR] 5 7 B T 55 B0 8 1 SR K FEAE S 0 b I 2% 7 AR BEAE 1A LB
23 BRESh
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2.3.1 ERFRMHIIIE
23.1.1 Z&MieEHiA5SBEREER) PCR 118

W= DNA Loading PA 1: 5 AR LG 35 5 J i 1950 He pi it
R IREAT T YK, BRI E N 120 V, BFEEEN 35 min, &5 IR RIE AR
B PCR PR EE . Wl 2.1 B, 20 mlfEVKIE 1 5iKiE 2 1) 5000 bp-8000
bp~ 100 bp-250 bp 2 [A] I T BA S 1 FRL K 2571 » IX AN ZE 1AL B4k pET32a(5698 bp)
5 HMREK SPRR24 (216 bp) MIERRAEAHFT. HULE, ZVELEfk pET32a
5 H IR SPRR2A ¥ i3 .

8000 bp
5000 bp

3000 bp
2000 bp

5698 bp

1000 bp
750 bp

500 bp
250 bp LS 16 bp

100 bp

B 2.1 &AL pET32a 5 SPRR24 X R 7738,

Fig. 2.1 Amplification of linearized vector pET32a and SPRR2A gene.
2.3.1.2 E4HFEHI pET32a-SPRR24 BY% E 518 F

I T 4% oo e H AR £ AL 34 pET32a 55 H 1I3E K] SPRR2A i it Al 7 51
2 [B) Fo TE 5 B B P PR DA S 3] 3 20 i ki pET32a-SPRR24 . LRI 4L S E.coli
DH50a, 328 BB i i A J12 F, ke ) w5 S i RS 2 PR B VA A T 28 28 JBORE PR 2 L
ARG 73 IR I8 5140 55 5 51 #0347 PCR %78 . PCR F=4#) 5 6xDNA loading
buffer LA 1: 5 KA LRGN G EFEERIK AL, BERE NIV, I
[ 5E N 35 min, #5J5 FRZIR AR ARG 73 i PCR P IHIKFE . anEl 2.2 (a)
Fiiom, B LS EIWKE 1-4 7E 500 bp-750 bp ATE P 35 o H I I G 4615, 3X
L% WK JE 5 pET32a-SPRR2A4 20 FOR A3 H 51 W 1a) i Bt B2 1 B AR (721
bp) W& . K 22 (b) Fis, VKiE 1-3 ¥7E 100 bp-250 bp 56 H A 2 LB
AT 46, XA K E 5 pET32a-SPRR2A T 4 5K P 4 M 51 W 1] 1)
Fr B SPRR24 KJERIFIRME (216 bp) AW E. WK 2.2 (o) A, L7
iE, PS4 R S5INE A 3R SPRR24 IR AW &, Ikl #il, &I1E
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SPRR2A A1 K% 3k B B 2 Y 5t
IO T E 4 R pET32a-SPRR2A

a M 1 2 3 4 b M 1 2 3
8000 bp 8000 bp
5000 bp 5000 bp
3000 bp 3000 bp
2000 bp 2000 bp

1000 bp
750 bp

500 bp

250 bp 250 bp e e 4216 bp

100 bp

K22 A AERG 4 (a) 547514 (b) 69 PCR X2; (¢) A E4F4 pET32a-SPRR2A
Ay P 2E R A .
Fig. 2.2 PCR was used to identify the universal primer (a) and specific primer (b). (¢) Sequencing

results of recombinant plasmid pET32a-SPRR2A.

2.3.2 Trx-SPRR2A BIRIBERIA

P55 A A R pET32a-SPRR2A 1] Rosetta-gami (DE3) pLysS B k5 & F i
¥ pET32a 1] Rosetta-gami (DE3) pLysS W74 KE5FR . 4B AK) ODeooo {E 12
i 1.0 I, I IPTG fEH5 F3RE . i RIk Bl A i 5 ) Trx-SPRR2A
47 SDS-PAGE il . Wil 2.4 iR, VkiE 3 7438 KZ128 20 kDa [ X i 5
PLHRRE B B PR, 1X 5 Trx-SPRR2A SHH MW FEIAEF L. S5UkiE 1
A2 AHECEE, VKB 3 B I X — % O S R A R A IR . TKIE
4 IR A Ko R = TKIE 5, R W] Trx-SPRR2A H AR H T2 LLATiE 1T
JEAERIL, TR VLR R AR AE o

M 1 2 3 4 5
150 kD,
100 t}}: = ——
el 8§ 2 X F T
SO KDy — e S— — —
s el siam o
e T
35 kD — S = —_
—
25 kDa .__ = T T
| — -_ p—— — —
20 kDa — -
e | —— -&
15kDa

10 kDa
K 2.3 12% SDS-PAGE %" #7 Trx-SPRR2A & k. M A =4 FT 2L H & 10~150kDa 89 & &
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Marker; 7Kil 1 A% IPTG /5, &A= /M4 pET32a 49 Rosetta-gami (DE3) pLysS & 14
Bfgsaey B, Kid 2 2R KRE IPTG 55, 124K T4+ pET32a-SPRR24 &9
Rosetta-gami (DE3) pLysS B & )5 69 L ik, Kl 3, 4. S5 A ZT L3 IPTG 4§
J&, A h 4 pET32a-SPRR2A4 %9 Rosetta-gami (DE3) pLysS BR itk . EF R AR
o

Fig. 2.3 Expression of Trx-SPRR2A analyzed by 12% SDS-PAGE. M represents protein Marker
with molecular weight ranging from 10 to 150 kDa. Lane 1 was the supernatant produced by the
cleavage of Rosetta-gami (DE3) pLysS containing empty plasmid pET32a after IPTG induction.
Lane 2 showed the supernatant of Rosetta-gami (DE3) pLysS, which was not induced by IPTG but
contained the recombinant plasmid pET32a-SPRR2A. Lane 3, 4 and 5 showed the lysate,
supernatant and precipitation of Rosetta-gami (DE3) pLysS containing the recombinant plasmid

pET32a-SPRR2A after IPTG induction, respectively.

2.3.3 Trx-SPRR2A Hy4ti{,

B H Trx-SPRR2A ¥ AR IV B R AR AR IR, ARG 2 e it , B S A
W FE KPR e i 2 S 5 456 19910 B, AR5 & IR BRIk e B 1) 2R
el TR, AT IR0 E I, XAt AT THER, WK 2.5 Fis, fEa
, FHAS [EAR BE R WK M ATV R I B AR 24T SDS-PAGE i, 55 2¢ff o2 H
£ 50 mM PBKME ) wash buffer 2%, T8 200 mM BKIEFY] wash buffer U H T8 i
HbreE . NBRGENSCR, AT TRV B bR FdE4T TR, JEEAT
SDS-PAGE #&illl. 76 b o, Zid4lifbAbFE ) Trx-SPRR2A T 20-25 kDa 2 [i] £ 8l
H 7 —TEM R R — 2501, %45 RS Trx-SPRR2A [R5 T & 21 kDa Y& -
Bt Image J % 2 A R4 B BEATIRAL, 45 3B R Trx-SPRR2A 4 A 94.5%,
T W38 ok B A S RN AT B AR T DA SO B AR AR R A B TR A
EFEIE 7 B k. T BCA EMEE A FUKE S, 15 H Trx-SPRR2A 1)
PR 718 mg/L, X R TR IE A4 TR B T AR A R
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SPRR2A )5 #% K35 I B A5 TEWT 5T

1
250 kDa

M
150 kD2
a 100 kD2

- 1 2 3 4 5 6 7 § 0 s
a —
100 kDa = S0kDa  m—
;g t[[;a- - _— = 40 kDn —
10 KDa m— S S 35KDa s—
_—— —
30 kDa s 25 kDa W
g —
I5kDa e JEEER BN L o . L Zﬂkl‘u—-
14 kDa S 15kDa

10 kDa |

B 2.4 2B F Aot EATALE, Trx-SPRR2A 4 SDS-PAGE ik 54745 % . (a) 12%
SDS-PAGE #: Trx-SPRR2A #9 %42 % o ik M K& 14~120 kDa #) Marker. i 1-8 %
A7 A 8 mL 4 20 mM. 40 mM. 60 mM. 80 mM. 100 mM. 150 mM. 200 mM. 300 mM
#9 Wash buffer Ze/L B 69 & & B 4. (b) 12% SDS-PAGE #:M| 44 &9 Trx-SPRR2A. 7KiE M
K% 10~250 kDa #) Marker.

Fig. 2.4 SDS-PAGE electrophoretic analysis of Trx-SPRR2A after purification by nickel affinity
column chromatography. (a) Purification of Trx-SPRR2A detected by 12% SDS-PAGE. Lane M
represents a Marker from 14 to 120 kDa. In lanes 1-8, 8 mL Wash buffer containing 20 mM, 40
mM, 60 mM, 80 mM, 100 mM, 150 mM, 200 mM, 300 mM was used to elute the target protein
samples, respectively. (b) Purified Trx-SPRR2A was detected by 12% SDS-PAGE. Lane M

represents a Marker from 10 to 250 kDa.

2.3.4 Trx-SPRR2A BYRILLE
Sof 2 i = s e e R A AT R S e, K23 H5E 25 K4 R SR,
Trx-SPRR2A [ 74178 735 N 89%, 7 T8N 21547 Da, iX 5 P81 1 SDS-PAGE
PRSI FHEAE — 30, UL Trx-SPRR2A & IR i% .
% 2.3 Trx-SPRR2A &9 FiE X 2,

Tab. 2.3 MALDI-TOF analysis of Trx-SPRR2A.

Peptides Position Observed  Expected  Calculated
SDKIIHLTDDSFDTDVLK 2-19 1031.516 2061.0174  2061.0266
MIAPILDEIADEYQGK 38-53 903.4551 1804.8956  1804.8917
LTVAKLNIDQNPGTAPKYGIR 54-74 568.0736 2268.2653  2268.259

YGIRGIPTLLLFKNGEVAATK 71-91 754.4385 2260.2936  2260.2943
GIPTLLLFKNGEVAATKVGALSK 75-97 776.4612 23263618  2326.3624
NGEVAATKVGALSK 84-97 672.8783 1343.742 1343.7409
NGEVAATKVGALSKGQLKEFLDANLAMSYQQQQCK  84-118 957.4892 38259277  3825.9029
EFLDANLAMSYQQQQCKQPCQPPPVCPTPK 102-131 1187.2153  3558.6242  3558.604
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CPEPCPPPKCPEPCPPPK 132-149 1072.4774  2142.9403  2142.9359
CPEPCPPPKCPQPCPPQQCQQK 141-162 906.7294 2717.1663  2717.1641
CPQPCPPQQCQQKYPPVTPSPPCQSK 150-175 1032.7991  3095.3754  3095.3609
YPPVTPSPPCQSKYPPK 163-179 971.991 1941.9675  1941.9659
SKLEHHHHHH 180-189 649.8146 1297.6146  1297.6177

#1 #2
PGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLAMSYQQQQCK QPCQPPPV
#3 #4
CPTP KCPEPCPPPKCPEPCPPPKCPQPCPPQQCQQKYPPVTPSP PCQSKYPPKSKLEHHHHHH
#5 #6
#1 :'s u.«": ‘.' "M‘l,.l’ o:n‘sr nl,v‘n‘vl,\_. K #2 z'm I Al LDl [A|D|E ¥ Q|G K
il i
i [
.{{.H.L_:lll,.._i.d T LT O i S )}_,._ ‘l'!. eyl élnLJML.Au.lllLMu-LL;L_A.....J.J_\‘L....‘a_‘....L ..‘JL S P | S _L‘. l —— ¥ -
#3 ,‘NG : ;I\A.AW\K WG!A.‘ e x #4:.6 O‘L‘K‘E‘F LlU‘AliNlL‘\A‘!MS vyaaaalklk

1 ‘ !
i fuu.JIJ‘J‘.IJ.,‘I:]J‘A.AL.,l{.,u V;!—ILJAQ.I-“‘}!I‘“WL“MJJL‘!ALLJ.AAJL,A,‘H,‘,4.‘,,J,,‘:wl,,J:l,,iJ,):l,,::_l uJI bbbt

H#S crlf e #6 s KL J& i i o

:-,,x,(LLJLI\{LIL_lIJ,,Ju.‘,x;y1 I})LJ,;\LHL' L{Jl\ S —— V FA A T RTL Y S 11 S SR T

B 2.5 Trx-SPRR2A &) — 2R ML E ,

Fig. 2.5 Secondary mass spectrum of Trx-SPRR2A.

2.3.5 Trx-SPRR2A IR L& R

[58] — E 3% 53 T B 8 075 W b s H E bR R E S [F) KT IR S, AT
Mt L R EE R RRE . K Trx-SPRR2A 43 VA ARAE pH 7.4 ) 5 mM PB 22
A1 pH 5.5 1) 10 mM MES Z2ifih, {EHZRE Y 15 uM, FI A 5] = i i
FEAS R BB T 1) — 45K &1 2.7 9 Trx-SPRR2A 7E 25 °C I CD Jtitt
B, REATRME 7R T R RESMMYIEPE R N T RN T fi# Trx-SPRR2A
(W R 450, KA CDNN SR HdE AT AL 22 A4S 3] Trx-SPRR2A £ P Fh gz it
TP 2R R R EE . 45 SR B, 24 Trx-SPRR2A F7ET pH 7.4 ) 5 mM PB
R, R A TS 11.3% e 888 35.9%1B-HT & CPATS AT -
19.5%IB-55 M F1 34 2% G . 24 Trx-SPRR2A f77EF pH 5.5 # 10 mM
MES Zgiiily, HZRAEMAE 12.9% M-8 5E. 31.8%Mp-hE (P75 &P
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SPRR2A [ 3k B L M 5
17) ~ 20.1%HIB-56 A1 34.8% I Te M . HHUL AT I, Trx-SPRR2A ] 2R &5 H4)

B =X, N2
FERB- B H LG
4 4
A% pH 7.4 bg pH 5.5
%] 2]
= 2 = 29
g E
' 0 ~ 0
£ £
4 Z -2
s 2 :
= £ 4
2 -4 2
[= /A 61
=~ 6 Lol
= = -84
= =
© 0l . . . . . ©aal, ; . : : :
200 210 220 230 240 250 260 200 210 220 230 240 250 260
Wavelength (nm) Wavelength (nm)

B 2.6 7 AEMET pH7.4 4 PB 4%k (a) A2 pH 5.5 8 MES £ (b) # Trx-SPRR2A
F£ 25°C T4 CD &,
Fig. 2.6 CD spectra of Trx-SPRR2A dissolved in PB buffer (a) at pH 7.4 and MES buffer (b) at pH

5.5 at 25 °C, respectively.

2.3.6 El—IiESHr Trx-SPRR2A gURGEE M

N T IR 1 B3R P, R B — 6350 Trx-SPRR2A 7E 25~95 °C
TEFE A 1) CD SGREHEAT T AR, fEXANREX R, & 5 °C HEAT— R4,
DA B o 1 s o 1 BTAE AN RIS S OS5 A 284K . & 2.8 P, 25~80 °C I
Trx-SPRR2A [#) CD Jt:if% 2 30t = JE A AL, 2] Trx-SPRR2A 7£ 1% [ [X [H]
P BB IR FF R UF 3R s SR, MBS 85 °C I, W] LAWLER S Fl 2 pf
W ) Trx-SPRR2A [1) CD Y6k 2L H B BB, X—ILG R, miR&F T,
Trx-SPRR2A [} Z R &5k 224 e AE , iX R W] Trx-SPRR2A HA B e g M.

—
=

=

n
1
o
L

§8599%3%

Circular Dichroism (mdeg) o
Circular Dichroism (mdeg) ©

NN

1333343

200 210 220 230 240 200 210 220 230 240 250 260

I~
o
=}
53
=
=

Wavelength (nm) Wavelength (nm)
B 2.7 25~95 °C B Trx-SPRR2A 5 CD K%, a B Trx-SPRR2A # /% 4 pH 7.4 49 5 mM PB
%, bBH pHS.5 6 10 mM MES £ 74 &+ .
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Fig. 2.7 CD spectra of Trx-SPRR2A at 25~95 °C. (a) Trx-SPRR2A dissolved in a 5 mM PB buffer

at pH 7.4. (b) Trx-SPRR2A dissolved picture in 10 mM MES buffer at pH 5.5.

2.3.7 Trx-SPRR2A EAMN—HHRLEZE

TR — b ) R RS B, R BT B g M AN D e A Ok
HEE, RUMORS B O (0 B AN A B R T A A TR S S R
G5 5. ATRHGE 7 #15E Q-Exactive (Thermo Fisher) Jiiii% %] Trx-SPRR2A &
T BB b, EAREEAM T, X EABEATEEY), B S0P
E & IREE IR B, RERA A AR &R T . il 2.9 53R 2.5 BN AR
BN R, 4R KW, Trx-SPRR2A LA 7 6 —®idd, HAr 052
C132-C136(= C141-C145). C172/C172(%% 8] i) . C121-C127. CI132,
C136,C141, Cl145. C150,C154,C159/C172. C117/C172. C33-C36, HWHFHAME
15 SPRR2A FIr/¥ i) Tukt — Bt .

RT:5.01-37.87 5
15. C132-C136,C141-C145
100 RT=16.03 min
90 ;
3 C121/C127
: RT=1396min C117/C172
80 c172ic1 RT=24.79 min
703 RT=19 05 min

603
] C132-C136EC141-C145 C150,C154,c159/c172  26.15

J 13z« 34 56
503 RT=12.25 min RT=16.19min 3297

Relative Abundance

40 2420
30 2275

B 2.8 Trypsin JFiZ R EE40 TIC & & TR B 5 & — s st kBT i 69 4% & Bt i),
Fig. 2.8 The total ion flow diagram of non-reductase cleavage by trypsin and the corresponding
retention times of each disulfide binding peptide.

4% 2.4 Trx-SPRR2A 89 =5l 5547 .

Table 2.4 Disulfide bond analysis of Trx-SPRR2A.

No Peptide Sequence Site
1 CPEPCPPPK C132-C136 (B C141-C145)
2 YPPVTPSPPCQSK/YPPVTPSPPCQSK C172/C172 Cla) " hrfe)
3 QPCQPPPVCPTPK Cl121-C127
4 CPEPCPPPKCPEPCPPPK C132,C136,C141,C145
5 CPQPCPPQQCQQK/YPPVTPSPPCQSK C150,C154,C159/C172
6 EFLDANLAMSYQQQQCK/YPPVTPSPPCQSK C117/C172
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SPRR2A (A% 5 S A=) 3 EWE7E
7 EWCGPCKM C33-C36

2.3.8 Trx-SPRR2A HIMERR EH S

S AEATR pHAE (7.4 F1 6.5) HIZEAFT, A 10%I05 ) 58 285 77 4 5
Trx-SPRR2A #ATHF & o TEREE WIS RIHT 20, R & AH B 0 B A RE, JET
K SDS-PAGE Hi A HHEAT PRI 25 1 5t B ik 70 A1, LUMLEE Trx-SPRR2A 7EA

A2 N Rk EME. W& 2.10 iR, Trx-SPRR2A 2453 48 h () CO, 4H k% 3546
FEE S, ERUHE A E S I RS B R & . X2 RRH,
Trx-SPRR2A 7EFFIA A pH {H MG L N AR & fae . N T SRt T
fii Trx-SPRR2A (W2 @ VEHEAT T KBE 0, AR EBIR, &id 48 /N 5N [F pH
B 5E R IR E 5, Trx-SPRR2A AEILH B E MMM S . HEEE
A2, H R A RIS SR AR R REIE 90% L b, X—BE 7 0, it fE
FPEIE BRI, Trx-SPRR2A BRI T sk imiEfa e ik, ik — B4k
% Trx-SPRR2A TEA I 245081 I FH B 58 1 Bl

pH 7.4 Trx-SPRR2A pH 6.5 Trx-SPRR2A

12h c M Oh 2h 6h th 24h 48]1 FBS
zl%kua_— s — — — — — — 200 kDa -
110 kDa s Hg kg:———
z: t:: ’ - | — — — p—
65 kDa . y
s5kDa g 55kDa '--.. Q
40 kDa S 40 kDa S

30 kDa 30 kDa

ooa N R R R zokba"ﬂ‘---‘;“

(o3

1004 == SPRR2A pH 7.4 d 100 = —_ SPRR2A pH 6.5
T pe—— N— T e i

=]
=]
1

Band intensity(%o)
s 2

Band intensity(%o)
2

o
(=]
1

0 T T T T T T 0 T T T T T T
Oh 2h 6h 12h 24h 48h Oh 2h 6h 12h 24h 48h

B 2.9 Trx-SPRR2A #9feF42 2 A M. (av ¢)20 uM 49 Trx-SPRR2A 5 pH 1A% 7.4 & 6.5
A 10%M6 4 o if dy mAe s A & 37 CHRMTHHE AR E (0,2,6,12,24,48h) &5,
i@ id SDS-PAGE # M & A4 ., KiE M £ %9 F =& 20~200 kDa & B A 69 & & Marker;
FBS &% 10%FBS t9masd sk, B etk A#48H T Trx-SPRR2A 8942 . (b, d)
SAA as c P BBETHEZENHER.
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Fig. 2.9 Serum stability of Trx-SPRR2A. (a, ¢) SDS-PAGE diagram obtained after 20 pM
Trx-SPRR2A was incubated with cell medium (pH 7.4 or 6.5) containing 10% fetal bovine serum
(FBS) at 37°C for different times (0, 2, 6, 12, 24, 48 h), and subjected to SDS-PAGE analysis.
Lane M is the protein marker in the range of 20~200 kDa. FBS is the cell medium containing 10%
FBS. The red arrow indicates the location of Trx-SPRR2A. b and d are the quantitative analysis

results of target bands in a and ¢, respectively.
2.4 IhE5

AT IF] H Rosetta-gami (DE3) pLysS %R IE RS RINERIE T & & i
i H H Trx-SPRR2A. N 73R4I K HAREE BT, FRATR A SRR Z 4T
BN S AR AT Ak, R R EXT Trx-SPRR2A 25 AT TR, (ESZERAT
DB A RIE RGMG T 1%E A . Trx-SPRR2A FI4EE A 94.5%4 % . =3
N 7.18mg/L o AT i [ — i H R XS Trx-SPRR2A H B R 450 M g€
PEREAT TR, AERE R SR, RUNZER FE RGN LG,
£ 85 °CLA N B Bonm e g M o ilid im0 ## i i Q-Exactive, Xf Trx-SPRR2A
W ZBRBEREAT 10, SRR, ZE A MR T 7 e, X T E AR
RZE RN ThAE B & . A, Trx-SPRR2A E A5 K IFH pH AL E A2 5E 1

Wi BiR—RPIBEFE, ATRM T T Trx-SPRR2A S H WML, AFET
B AR PERETE . ZIEEON DLUANIE RS E . XEERE R AT S
WFFLBEE T RS, A B FIRAIRER Trx-SPRR2A 71 AE W15 S0 13 78 b
B e
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SPRR2A )5 #% K35 I AE W VERT T

3 Trx-SPRR2A BILEE MR

3.1 KRB SIRE

310 SREFISHR

YRR EIIES
oz A (BHD T & B T P AR SRR
B 2> ]

gett i P1
TN /AN B G el R B

E i DU AE MRS PR 7]
E i DU E YIRS BR 2 7]

3.1.2 FERFIECHIGE

) e i) 77

BHI ¥ i35 77 2k i oI N 385g
ZEFIK 1L

LB [F {435 77 Jk I 3g
BHI 7 A R: 77 2k 100 mL

0.85%NaCl NaCl 085¢g
LETKERE 100 mL

0.5% SDS SDS 25g
KB TKERE 500 mL

3.1.3 LGNS

D& &S CR

i TS TR

e K B ZEALWAY

R IEIRZ Sangon Biotech

TEL IR 7K I SCANVAC

AR BioTek

/INBSES AL Eppendorf

(EMTEAHZN LONGYUE
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3 Trx-SPRR2A F{IHT B 3% TE AT 7T

=IERRIR DRAGONLAB
Do RTA ) Je B

32 KBWHE

3.2.1 ARREEFE

VU AE VR R FEN B, BA19 )02 353K (Enterococcus faecalis)
FAAZ AN M 38 22 M 2= W KR B ( Listeria monocytogenes ) 4 Ot th i &) BR
( Staphylococcus aureus) —Ff 5 2= [GRH P40 B UL A7 R BR AT B8 ( Citrobacter
rodentium) — M= R . 9 785 FR X DUFAEYD, JATIESE T A FRR:
TRkt FEWBREE . FAZANNEEE SRR . OB B & BR AR ] BHI %97 2
BEATEE R, ATRBRIRAT AL ] LB 85 9R et AT B 9% . FELA R SEid i rpr, P
TR W RVERAR, S MR PE R E TS G
3.2.2 FREFETHUE
(1) K PUFR B 23 A A 2] 10 ml B 72k rp, A K 2 Bk KOs
(2) KB 8000 rpm, £5-0» 5 min, J£H] 10 mL A MES 2217 (10 mM MES
A1 25 mM NaCl, pH5.5) #ATEE S EE;
(3N B LA % Tl R B 5 AN R B2 1) Trx-SPRR2A VR #5350, B T 37 °C
¥ 2 h;
(4) W H GRSV B S AR e B AR IR 2k b, AR 37 °CF I i
It
(5) RAFE R EE AT UREG IR E SEARXS X6 TR LA o R R B 1 1 20
tt.

3.2.3 B ENEMEES

(1) K PURR B 3 AR 3] 10 ml B 9838 rp, AR A K 0 HE K

(2) 5B 8000 rpm, &0» 5 min, JFH 10 mL ) MES 22K (10 mM MES
A1 25 mM NaCl, pH5.5) #HTiERSEE,

(3) &HU 1 mL ¥R 8000 rpm 250 5 min, 5 ANFEIRE ) Trx-SPRR2A &
B5), BT 37 °CHEE 2h;

(4) W8 J5 A4 8000 rpm &0 5 min, F FIHH, UEE R4S
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SPRR2A [ 5% i o A0 P 1 9
(5) K RERIRET T REWRA, SREEREE 30 min, B E 4°CH
RARAF
(6) BEAT SEM Al

3.2.4 NO1/PI jEFEEE X

(1) K PUFR B 3 AR 3] 10 ml 59835 rp, A A K &0 Bk Kb,

(2) ¥’ 8000 rpm, &0 5 min, FFH 10 mL [¥) MES 22K (10 mM MES
F125mM NaCl, pHS5.5) #H7/EH S EE;

(3) HX 700 pL K 8000 rpm B50» 5 min, WERE A, H 0.85% NaCl
TEVEAII 3 1K

(4) FRHIA TAER: H 0.85% NaCl ¥R NO1 2 6 Yl Fi B 300 £,
¥ PI R 200 1%, EPYE 3 mL 0.85% NaCl A I 10 uL Je ik A, 1REHI2]
RN TAER A, 7E 2 mL 0.85% NaCl i A 10 uL 49 B, IREGHIZIA
et TAEW B;

(4) 53 HIH 100 pL gL TAER A F1 B X 2SR . A% Al i 2 1 2
WrRF IR . & (R & BRI AT EORT R, 110 puL IS TARMR A A B X5
MAF R AT BRI, JRE IR T, THEALEE 15 min DL5E U B 112

(5) FIH 0.85% NaCl U0 40 B AT — i, 985 H 400 pL 0.85% NaCl
WS RORHE B IS 1) 240 T AT B R R A S

(6) B 10 L @i inE 834 L, Bgm Essi )y, iR esierE,
BEJS, Rl #& LF R A B T 2O B R E TS,

3.2.5 P1 {2 HUNIE

(1) K FpEREE 7 BRI ] 10 mL B9850, A lA K53t K,

(2) KBV 8000 rpm, &0» 5 min, JFH 10 mL ) MES 22K (10 mM MES
F125mM NaCl, pH5.5) #H47/EH S EE;

(3) F] MES #® PI, {4~ 11 ng/mL, £F 180 pL B )5 ) P1
BN 200 uL #ifE T 100 5B, A HIRA 3525

(4) K (3) ¥ 6, KIRMAEER 0.05% SDS F A [\ W FE 1
Trx-SPRR2A, fHHZGKREE5r 779 04 5. 10, 20, 40 uM;

(5) ¥ (4 o\ 96 FLFHRH, AL 100 uL, FIFHBEARCEE 5 20 B Aa il —
JORIGHRIE (UK : 535 nm; AHAK: 617 nmD , FFZEEGH 1 he B 0.05%
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3 Trx-SPRR2A 9T 1 1& PR 7T

SDS AbFE A1 M PR I, 5 4% b FR LA () PTASER .
33 ZR 504

3.3.1 FREFITHUR

N TR Trx-SPRR2A I B & 14, K 4li4k [ Trx-SPRR2A W N E S 73K 1A
PRGN 2 A . ORI A ERE (SR L IR DU R AT
CHZ R B2, DO AN R4 B BT 8CR , il 3.1 Fos,
B Trx-SPRR2A WK FEMIIEIN, FEABREE . FAZ 4l 2 M2 ke . St
TR 1 B T B IR D . X — SRR PR BUR KR B, Trx-SPRR2A
Xf IR =M =2 R B AR B I E o E— BRI, SR TR
Trx-SPRR2A fie NEUE, 20 uM 5 40 pM Trx-SPRR2A AbFH 5 6 4% T V& %5 00 51l B
£ 44.5%5 0, KU FEERE KT RCR BN % . HELZ T, Trx-SPRR2A
XPAF R IR AT BV PEAR 55, 40 uM B Jo R B V& B B 70% . B LER B,
Trx-SPRR2A RESE Bk R A0 2 [RPH AN B, X 5 SR g R — 507, X — &8
NIGEEHE T Trx-SPRR2A TE I AMGH B b R St T k4 .

a_ Control _10 ( 40____(uM)

L. monocytogenes

- S. aureus

c 1004 = L monocyiogenes

o
I
H

Q.
1]
H
aining @ f
0
:

®
=3
1 1
1 1 1
3
S

% CFU remaining
s & 2
% CFU remaining
2 & 2
|
% CFU remaining
g8 &£ 2
% CFU rem;
8 & 8

0 5 10 20 40
SPRR2A (uM)

uuuuuuuuuuu
0 5 10 20 40 0 5 10 20 4 IIJ I5 llll Z'II 4’0
SPRR2A (uM) SPRR2A (uM) SPRR2A (uM)

B 31 FHRE ETHELN Trx-SPRR2A MW # R @B RE X E. AR KED
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SPRR2A )5 #% K35 I AE W VERT T

Trx-SPRR2A 7 AIAL L £ K . S MR S M ENFE ., X ERNHRE ., ATRBATA
BHHER R, (be) RAMatZZ LR,

Fig. 3.1 Antibacterial effect of Trx-SPRR2A against four different bacteria was determined by
plate count method. (a) Photos of bacterial colonies of E. faecalis, L. monocytogenes, S. aureus
and Citrobacter after treatment with different concentrations of Trx-SPRR2A. (b-e) are the

quantitative results of (a).

3.3.2 EERA

HMH Trx-SPRR2A AbFRPURHAS [F A0 TR f5 , FATR A4 BT RGNS T %
T B (TS24 . B 3.2 B YA 4HTE 55 Trx-SPRR2A 1 H & (434l A 1A
SR IR, RELHE MM TEE, M =P == [KFHPE R 1 Trx-SPRR2A
yuseEE RS EA OV LSt S G R P s ML SN T E AP QN Rk bi e AN Y AL
Trx-SPRR2A 3L 5 40 B 40 M B 25 &, ABCUR G200 B B AP i B2 17 o B 1k, B30
BT, AT SEBU B R K . 4, FATILIERE R, AR B 1 40 i
BEEREVEAN., 457K, Trx-SPRR2A Sk KA 2 KR -
XA fig 5 A 2 T M T R = T e T ) 200 A 4 L B 1 8 5+ 5 22 5 A K
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3 Trx-SPRR2A F{IHT B 3% TE AT 7T

E. faecalis

S. aureus L. monocytogenes

Citrobacter

B 32 &7 FlKE Trx-SPRR2A &3 2 h Bo £HHREA . EHm@EE S HEMHH., £%8
HEARA U HERAR G R EEESE BRR: 5um) .

Fig. 3.2 SEM images of E. faecalis, L. monocytogenes, S. aureus and Citrobacter after treatment
with different concentrations of Trx-SPRR2A for 2 h. The arrows indicate the bacteria that have

undergone morphological changes (scale bars: 5 pm).

3.3.3 NO1/Pl jESLHE B X

N T i — IR AE Trx-SPRR2A ISR B RRE, FRATTHEAT T NO1/PT & AL 4H 4 4%
T S25e . FIH NO1/PLIE AL b 4 il R & gl W AT G o )5, il 7O B &
Tl P LA A b 7y i VS A T 5 PR 4R T, AT EDUL UM 52 5 Trx-SPRR2A X 414
[ KR . NOT FE A e (R — PSR SO bRic I ERET, & v LLE B
SERAM R E AN, AR, PLE— R e ge uif], Ronipss « 52
P37 WA BT Gu . [RIL, 200 BRUREE 56 B %) 200 T B 0% 0 28 e e L e €1, T I
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ARG B 2 R BRI LT . WK 3.3 45t T DU 4H i R R 5 = AN AN ]
WPE (10, 20 A1 40 uM) Y Trx-SPRR2A ARGt gh 5. seibh4h Wk, &
i Trx-SPRR2A Ab3E ) &5 24 [ORHIE B, 2 00 HH e (1 21 (0. 58 6 DA R B 55 I S (0
6 (B 33ac) » IX—IMRULEH, Trx-SPRR2A b ¥ S 340 B 41 M s 2451, 31
i PT Y asfl RE G BE NAIPR, (F4NR 2w, bl m, pEE
Trx-SPRR2A WK TF i, AR AL B o BT i . XK B, Trx-SPRR2A
FERL AR FEE T X 44 A 4 6 B P 457 1 4 R S BH S, (65 PT €005 B 25 ik \ 4]
M, MTTIESRAT 5. [FIRE, 6522 IKRIHMEANE Citrobacter HHWLEE F 3R F1 1K)
QLS il Gol AR )
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3 Trx-SPRR2A {370 B8 Vi E A 70

(nM)

b Control 10 20 40 (nM)

(nM)

(nM)

B 3.3NO1/PI & 3 & E4M Trx-SPRR2A M HE EFH . E K E 4 Trx-SPRR2A 57
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SPRR2A I 5% K IE S AE & TR 7t
232 (a) £WHFHA (b) FHEMEELSHFNHE (o) 2FXEHNHRA (D) HHRBRATHA,
AR NO1/PI # et f & X F &t T 4 & )5, @i KB E 2 MRk E BB (RR 200 um) .

Fig. 3.3 The antimicrobial activity of Trx-SPRR2A was detected by NO1/PI live/dead bacteria
staining. E. faecalis, L. monocytogenes, S. aureus and Citrobacter were treated with different
concentrations of Trx-SPRR2A, stained with NO1/PI live/dead bacteria staining kit, and images

were collected by inverted fluorescent microscope (scale bars: 200 um).

3.3.4 PLBEUNE

N T HGAIE Trx-SPRR2A 1] A 38 o il VR 40 18 40 B Bk R A0 B, FRAT TR EL 3 1
BREME A SLIOAAY, SR AN E M Y2kl PL X Trx-SPRR2A AbFH 5 21 B 1) 18 3% 14
BEATAEI . FRATTR A AR B Y Trx-SPRR2A AbFR S ERTE, #E—/NiF N AFRE 5
min KRN PL SRR 31t 3.4 Fros, BEA Trx-SPRR2A ¥ )15
0, AR TR PR E O Pl 2 19 00, AT B 5% T RO 1% 485 SRR W, Trx-SPRR2A
08 T8 A 4 T 40 R ) PSR AR R 1 o S IR IE— PAIESE : Trx-SPRR2A
B AW B 2 M R ) R 77, adE T 2 340 B 2R 5 R I e BT

100 ':;;,

10 pM

80- — 20

LppEEEE Ry — A0
60+ 0.05% SDS

Propidium iodide uptake
(% of max)

N -

10 20 30 40 50 60
Time (min)
B 3.4 ZRFKE Trx-SPRR2A & £ KA G, £ 1h A& 5 min &0 P HFRE. A
0.05% SDS A& ¥Z 20 4F A FabE 3T PR
Fig 3.4 E. faecalis was treated with different concentrations of Trx-SPRR2A, and propidium

iodide (PI) uptake was measured over 1 hour. 0.05% SDS was used as positive control.

3.4 INGE
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3 Trx-SPRR2A F{IHT B 3% TE AT 7T

HH T2 R0 0 A 2 B 24 1 E N, B BB I R S . T
PEAL Trx-SPRR2A HIHT B I 1 FRAT IS F PR B v 80725 L 14 Fe B UL 4¢ A NO1/PI
TEAE S0 LA K PT AR EUN 52 V5 Trx-SPRR2A ACFE S5 (1 40 B8 34T 7 4G, S256
5 RN, Trx-SPRR2A AP S 7AHCRH> . AR S KA. PLIER
ORI, 28 EFTIR, Trx-SPRR2A X i 22 [RPHMEAH B B A — & FIPUR S . 1X
NGB T Trx-SPRR2A [HUTE M. FHER A T SEI8 K4
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4 Trx-SPRR2A K937 e 5& M1 EMN

4.1 KR SER

4.1.1 IR 5S4

NFBRFE AN MCF-7 5 A\ @40 HepG2 T4 H Rk L4002 ; 15400
FEAR G AR S B B DU AR A IR A R RS A BRI T BevE A
IRATE; 4%Z FHBEHE S . Annexin V-FITC/PI XU THRF & FLRCTER
FHAF). EEE. MTT. Triton X-100. DAPI (RIHZD $H08 H R ERZRHTAR
AF]

4.1.2 SLIG{NES

X M5 72K
(EREREE i Galaxy 170 s Eppendorf
e RE IR (ER S HFsafe-1200 Heal Force
I = AL SC-3610 Eppendorf
A A CFX Connect Beckman
Bl BRAX ELx800 BioTek
4.1.3 EERFIECHIFE
) L IWAReS
RPMI-1640 41 % 7% RPMI-1640 $ 37 5 6.4 mL
(pH 7.4) 4 % 8 mL
HHESRRESY 800 pL
RPMI-1640 55773 RPMI-1640 15773 2.08¢g
EKETK 200 mL
(& FBS, pH6.5) NaHCO; #4775 pH £ 6.5

4.2 SR FE

42.1 MBRIEFE
B LRI R FLIRE AN R (MCF-7 40 ) 5 1T 40 B J 40 B &
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4 Trx-SPRR2A [FHUIIE G VPN
(HepG2 i) o N T ARUFAMI IEH A K, FRATHR Z A AR S E MR 7+
. MCF-7 4if3@id & 10%/I64F 15 (FBS) M1 1%$5i4 &= 1) DMEM $537 5
F55%, HepG2 4 A A RPMI 1640 Bf Ff R TR 9% . & E T 37 °C.5% CO»
TS FRAR « A 30 B S S 5 DU R AN i S BE I 0 5 AR AOIRAS . A4k
KX F 80% )78 7 FR I, AT B i 45 77 25 00 B el AR AR, IX R W] DAORUE 20 i 4k
SRR A, (A g O FE AR B S B K2 IR

4.2.2 FITC #ric Trx-SPRR2A

(1) ¥ FITC-SCN 5E & f#T PBS L&+, DAFLE 1 mg/mL [ FITC 5
-

(2) HIHESHE 1 mg Trx-SPRR2A ] PBS 221k (pH 7.4) 5 MES 221
W (pH 5.5) H, %8 1:2 BYBEE/RLLABI NN FITC ARicil. B JS I FH AH R IR 22 i
WA SR RIEF] | mL. IRERAROCKM NE T Z4ERIK B, IFE4°CIRET
RIER o

(3) TERPMSERJE, KRN 14 mL s #Rs, A1 10 kDa
(R B9 O AT IR G, A IARRR S E 1 mL BLR, PABR 2K N FITC-SCN,
2t FIREEE, &4 T FITC bRid &R FIAEf, B FITC-Trx-SPRR2A.

(4) HRIFEI AT WA T RIEBO G i 2, DA WPFAL bR ic BUR .

423 RHEERMIFERM Trx-SPRR2A KIZHAEALITA

(1) 7£ 12 LR CE KB B e TR S, ¥ MCF-7 41 i fh e
12 LA, B ERE N 1X 100 DML, KB IR CE T 37 °C W HIR A5
NRMTRE R TR, DA RN BRI IE A K

(2) @It pH {EA 7.4 5L 6.5 P TCIMLIE K5 77 2K FITC-Trx-SPRR2A 5 ¥ i
B2 1 uM;

(3) WA TN AIRAERR, B8 H 40 23 0 BT DUT PO Rhk:
FRHE TR R OpH EN 7.4 HAE G4 MG R R 770k @pH H 7 6.5
HAREG IR MLiE R 953, @&F 1 uM FITC-Trx-SPRR2A H.pH 18N 7.4
[R5 7:4; @&H 1 uM FITC-Trx-SPRR2A H pH 18N 6.5 5555, )5 E4H
MEEFRAED R ERE 12 DI,

(4) BBRILPEA R FREE, 1 4% 2 BA MRS, HAEERZME T
TRFF 30 205h, B LR GH M7 2 78 5 [ 5 s
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(5) FIH PBS G2 4 AdhAT R iR ANIE e, BEJS IR EE A 10 pg/mL
[¥) DAPI ¥ 160 uL, 7EZ IR T EOREF 10 4380 DL5E i 5 id 72

(6) MALBHFWL H DAPL, 3 F] PBS X4l iE47 P IR AN e, RIS 76 2
W BN 10 pL H5O G Fil, BRRERER B2 Rk, HIREE
A PLPOE R IRE A b, W R gr I 5 R e e, ek A
e F i e e 7 5 Ty J L, R R T R0 AS 2t I T 5 3 s

(7) R T ICAE E B AT, A RAE O B .

42.4 XA #r Trx-SPRR2A HIZRBERLITH

(1) ¥ MCF-7 453 51 LA 2 X 100 N2 A IR 3 FE 3 51 B 22 6 FLAR, 4%
BT COH M, BTG FR;

(2) K FITC-Trx-SPRR2A A WAL C MG R R P iR 1 uM, B 37361
pH {E 53518 7.4 F1 6.5, IR, #I A FITC-Trx-SPRR2A [+ PRI R 14 15 77
FAE BRI . BrA BT B TER 37 °C MUEREE, BTN 12 h N E

(3) JRFEEFREs, FIH PBS HHAT IR FIGES:, BEEFIH 0.25%MHRE A
B S 2 10% 0035 1 I H B a2 e A 7], 2 )5, B REl/NL R
4 mL EP &+, 3000 rpm &> 5 min;

(4) FIFEE TR BG4, F PBS ¥ 4 AT P8 IS v s

(5> ) FH i 24 M S AT Ao U AN 234

4.2.5 MTT #& N ¢AAE5E 1

(1) ¥ MCF-7 41 HepG2 4 g AREFL 3 X 10° A2 i 1) 2 B 38 S B 7
96 fLAR T, BB R IAUBN IR B B E N 37 °C BiFrph, AT I ROG 7%

(2) B EAH 10%E 4513 (FBS) [ pH 7.4 B¢ pH 6.5 ¥ 353, ¥
Trx-SPRR2A #2840 pM. 20 uM. 10 pM. 5 uM I EE R IR HEAT B FE R RS

(3) JRFFR: 7RI, B BN 100 uL & ASFEKR E Trx-SPRR2A [¥] pH 7.4
ol pH 6.5 K573, BT CO R 7T 7 12 he

(4) Belriits, (EALATHRE, B, LTI 100 pL Jo G577
B, [FIBNA 20 pL MTT W, 2R EIKEER 5 mg/mL, #E R 96 FLBUNE
T 37 °C B MR E 4 /IR,

(5) BEBIANEESY, &FLMA 150 uL DMSO, FF7E =R N #E4T 10 min
IR b P
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4 Trx-SPRR2A {1471 b 88 v P A7y
(6) i FHBEEARAXAE 570 nm A& NI =400 IBE, 3 X seHdia it
ELAN M AR XS T

4.2.6 H@mRFENMAES

(1) PAREFL 5X10° MM E, K MCF-7 4835 5J 4850 2 96 fLik 1,
W R E T 37 °C R FRAE Th T IE I 5%

(2) I EH 10%64 7% (FBS) 1) pH 7.4 5% pH 6.5 [f] DMEM #5774,
¥ Trx-SPRR2A I 40 pM. 20 puM. 10 pM. 5 uM IR JE AR VAT 45 15 A R%

(3) R, AL BN 100 pL & AR E Trx-SPRR2A ] pH 7.4
o pH 6.5 ¥5 7R3, BT CO K717 12 he

(4) BBRR, (ESLNTCRER, BEJ, F PBS O 40 Mk 47 i & e e
FES AL A 50 uL (1) 5%% 5t 5 44 96 FLBUIE T~ 37 °C#IKH ¥ & 20 min,
DR DR &5 St S5 RE IS 78 7 e

(5) Rk db SRR, IF PBS JEAT 3 IXIE Bt

(6) 4 96 FLIRIEI B EEIA LJ7, T2 IE F Ui — o T

(7 {EFE R GRS, BATREEFLIIA 200 pL F R DL I A (1 45
AR BRI s, TRATR LR E TR 2 AT 15 08 R AL B

(8) K HIBEFR AT 570 nm P IO BERFEAT I E RIS DL RH 10 JEAE Dy 5
#E, VR HOEE N 100%. 3F— DR H 40 AR S 77

4.2.7 Calcein-AM/PI & #&M ZMBESE 1

(1) PABEAL 5X10° MR AEE, ¥ MCF-7 40 S8t 2 96 L,
bt o AR BT 37 °C MIREFRAE P T I O 3R

(2) FIH pH 7.4 1 pH 6.5 (& A 10%64- 5% (FBS) H DMEM £ 955
¥ Trx-SPRR2A i % 40 uM, [RII B2 A& Trx-SPRR2A ] pH 7.4 1 pH 6.5
IEH 10%R4- 105 (FBS) ) DMEM £ 77 AF AR, BT CO ¥ 7#+4f
HYiu3tim s 12 he

(3) D RKR Gl A 5Y i B LA 1:10 (¥ EhglE i k7 C 31T Fike .
bt i 223 BRI e T A 322 100:1 B ERAPI AR FH E IS 15 92 2 FR KRR IR A&, M
il Qe AR A (Caleein-AMD o [RIFEHL, %88 1000:1 LB, K& id 7
FE G4 (i B R JC LT 55 7R Bk A7 R AR S5 TR &, kT ) 2% G 0 AR B
(PD
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(4) ¥ 96 FLIRE T 2-0HLH, L 1000 rpm [RIEL AT 8.0, FREEITR] N
Smin. B0 SE, BOEILFR WA, B35, H PBS W TIRARG, EE
SRR IR . BB SE, K 96 AT IR T RS 0. HD IR, T PBS ¥t
BT TR AT R 0

(5) [EEAFLA T 50 uL Caleein-AM 48 TAEW, #E4T 30 20-4h e
Jeta b, SERAE )G, UGN . 25, FIF 50 uL PT et TR t)G
PBS JHEUEM X 5 Jm K 9O 5] B BB i A

4.2.8 ZMREREIEIE MM

(1) PARRAL 1x10° MU B, ¥ MCF-7 40 S8 & 12 fLic
bt 5 AR BT 37 °C MR FRAE R AT I O 9%

(2) B EH 10%ME4 MG (FBS) I pH 6.5 ) DMEM 35 7: %, ¥
Trx-SPRR2A %8 30 uM. 20 uM. 10 uM FIIR BEAR IRBEAT RS P Rk . A AN &
Trx-SPRR2A (IR 7= 5/E N TR, BT 37 °C Birh, @7 R g .

(3) JERGH AL 4HM 5 B U4, A PBS 3T P IRIRFIBER o

(4) [FRFANFLNEIN 50 pL PI 40 TAEW, 4 °C BOGIRE 5 0%k, F LY
B

(5) 38 FH L 24 M A o 40 e i 25 1 3 A 7 AR

4.2.9 Annexin V-FITC/PI B L3k M 4RBEAT=

368 1 97 X S %o 4 PO T 5 AT 43 #

(1) DAREFL 1x100 MR B, K MCF-7 433 508 Fh & 12 FLARH,
b JE R AR BT 37 °C B IR A T I R IR

(2) JEik pH N 7.4 5% 6.5 FICIMLIE DMEM 15 7234 Trx-SPRR2A &7
FiBEZE 104 20 F140 uM, {8 AN Trx-SPRR2A ) o 1t B i 15 77 A Ry 9 %
TR, BT 37 °C My, AT

(3D ity A0 40 M f 8 B O RO ER 4 M, AR ORI R IR Al 2, I
PBS o 4 i 147 P I AT 3 o

(4) Annexin V-FITC %435 1 X Annexin V £5 & LA 1: 200 [ ELBITR &,
SRIGHG 400 pL RS REA I 2 8- FATAIM A, 76 4 °C IR T, KRe i B Tk
AR HATIE , FEEETEDN 15 mine BEFR, FIFES A INNGER K PL Y,
HAEM R KA T 4RLEHEE S min.
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4 Trx-SPRR2A [FHUIIE G VPN
(5) 12 FH L 4 AR %5 A0 B A o5 L gk AT 2 SR Ao T o
OB E BME I M AT

(1) PARRAL 1105 NI B, ¥ MCF-7 Ui S8t 2 24 fLic
b JE R AR BT 37 °C B IR A T I R IR

(2) @i pH {E N 7.4 5% 6.5 L IMLIE DMEM 15 3£ 56 Trx-SPRR2A V&
PR 10 20 F140 uM, i FIASE Trx-SPRR2A [+ PE B R M 1% 77 JE 4 [ %
P, BT 37 °C b, HEATHEIRE .

(3) Bkriiih, (EFLATCHRE, A PBS #EAT P IR ATHEVR o

(4) Annexin V-FITC J 0% 5 1 X Annexin V 45 &% 1: 200 FAEFAEL
BTG, SRJE4 200 uL RSB IN 2 S FAT A, 4 °C TROLIRE 15
B BHSHIIN PL YW, 4REEWEE 5 4050,

(5) FIH %65 B B kA o 5
43 RS54

4.3.1 FITC #5182 Trx-SPRR2A

FATXF Trx-SPRR2A #E47 T FITC Fric, FAEBIESMAT L7 606 B -5 A
JE W HBEHT SR, Al 3.1 B, RARICHT Trx-SPRR2A f£ 280 nm Ak 523
HH 50 2 B R AR RS o T X220 FITC ARI2 19 Trx-SPRR2A, B T IR
B EM 280 nm FFAEWESL, IBTE 495 nm T BILH FITC ({550, X—245 505
FIESE T FITC B IhEE D] Trx-SPRR2A |, 8 3RATTAEE T 9 B i s
YHHIACHT FITC-Trx-SPRR2A #E47 W %2 54611

1.0
a 1.4 —— SPRR2A b —— SPRR2A
— FITC-SPRR2A — FITC-SPRR2A
1.2 1 0.8
¥ 1.0+ ©
: 2 0s
S 0.8 o
= 2
B E
S 0.6 S 0.4-
172} ]
Q 0.4 =
’ <02
0.2
0.0 .0
250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm)

B 4.1 % T PBS %4k (pH7.4) & FITC-Trx-SPRR2A (a) . &T MES % ik (pH5.5)
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49 FITC-Trx-SPRR2A (b) #9557 WA A # B o
Figure 4.1 UV-VIS absorption spectra of FITC-Trx-SPRR2A (a) dissolved in PBS buffer (pH 7.4)

and FITC-Trx-SPRR2A (b) dissolved in MES buffer (pH 5.5).

4.3.2 Trx-SPRR2A RY4RBEAILITH

N T KL Trx-SPRR2A 68 75 BR Zh 3k N Bl 40 i 9, FRATTX MCF-7 40 A2 (1
Trx-SPRR2A WHZHCIROLEEAT TR0l & %%, £ pH 7.4 M1 pH 6.5 21+ T, 737l
FITC-Trx-SPRR2A 5 MCF-7 4Hfa 35 [m55 5% 3 /N o AT TR FH A =04 i ASOnt 48 i
() FITC 2 6omfEHEATIE . i 4.2 (a) FoR, EHFMERBE T, Trx-SPRR2A
RO 5 TR EEA R AR . SRTT, FESSERYESRT T, Trx-SPRR2A AbFRA 7R
A5 SRR, PSSR S RO E B BRI &S SAR T EIE, R IR AR
244N, FITC-Trx-SPRR2A A 5y #E N4l ; AR E AL T, FITC-Trx-SPRR2A
REWEA Rt AL AR N o [RIRE, AT FH 451 B 5 s Sl Al 400 B 9 A A 00 1 A T
THE. 4.2 (b) P, ATHEEREAFE pH 264F T, FITC-Trx-SPRR2A
UGS AR B2 R . MM, FITC-Trx-SPRR2A A0 BHZH (1 40 il A
WIAE TIES, R FITC-Trx-SPRR2A 7E IEH A HIAEE N A G #E N, 811,
7£ pH 6.5 MR PEIREE T, FITC-Trx-SPRR2A Ab T 20 (1 40 il P4 &3 (5. 5% Y65 5 B &
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Fig 4.2 The cellular uptake of FITC-Trx-SPRR2A by MCEF-7 cells was determined by flow

cytometry (a) and inverted fluorescence microscopy (b) (scale bar: 50 pm)..
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Fig. 4.3 Cell viability was measured by MTT. Trx-SPRR2A was incubated with (a) MCF-7 cells
and (b) HepG2 cells at pH 7.4 and pH 6.5 for 12 h. The relative cell viability was measured by

MTT assay
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Fig. 4.4 Crystal violet staining was used to detect cell viability. MCF-7 cells were treated with

different concentrations of Trx-SPRR2A at pH 7.4 or 6.5, cell viability was detected by crystal

violet staining. (a) Crystal violet staining images of cells from different treatment groups. The

scale is 200 um. (b) Quantitative analysis of (a).

4.3.5 Calcein-AM/PI 3 463N 2B BE5E 5
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Fig. 4.4 MCF-7 cells were treated with Trx-SPRR2A for 12 h under neutral or weakly acidic
conditions, stained with Calcein-AM/PI and images were recorded with inverted fluorescent

microscope (scale bar: 500 pum).
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Fig. 4.6 Cell membrane permeability was determined by flow cytomerey. MCF-7 cells were
treated with different concentrations (0, 10, 20, 30 uM) of Trx-SPRR2A overnight at pH 6.5,

stained with PI and analyzed by flow cytometry.

4.3.7 Annexin V-FITC/PI X &3%&46 M 20 B R T
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Fig 4.7 Apoptosis analysis by Annexin V-FITC/PI double staining assay. MCF-7 cells were
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exposed to different concentrations (0, 10, 20, 40 uM) of Trx-SPRR2A overnight at pH 7.4 or 6.5,
stained with Annexin V-FITC/PI double-staining kit, and cell apoptosis was analyzed by Flow

cytometry (a) and inverted fluorescence microscope (b) (scale bar: 200 pm).
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