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 E. REKEA IO, A805ER. AR ER R B AR K. GHK
(glycyl-L-histidyl-L-lysine) #= GQPR (glycyl-L-glutamyl-L-prolyl-L-arginine) £ %] /K &R & & ~
A, RERBREZQEMAVER, HEAHRERET Z A Tiotesh, A48 K —AA LA T B 486 &
ik &, e R RSS2 F KA A ML F XA M R IAEE B 48, BMORIARIT T —AF ikt
Fah| &RIEROF 7k, BRINEMAEEETALRA, LPHLMAETER TS AL HA
F 2R pET28a-Trxm. »A GHK #» GQPR # I & Z I FIAE A Ry 69 A K¥£ T (tandem repeat of
short peptides, TRSP), K B AN 5-F R E = R FKAE R &, REZ Acc65 14 Apa 1
HAG ALK E R ABE. JREI 500 bp | 1 500 bp 49 DNA K H&, LH1F3] &K H AR
pET28a-Trxm-(TRSP), 4L K IF EHH . MBE) BN F 45 R, mRAMERF ST L4 n=1.
2. 3. 4. 6. 7. 8. 9fa %k, BARRLERIT, HBKRT LM n=1. 2. 3. 4. 8. 9B
HADR o8 ik, RAKFMAE LHIE mdEI&., Trxm-(TRSP), REKPFRF, £EEH
# 50%, 71 Trxm-(TRSP), R iXK-F A & &G 4 30%. #t—F H, 4 Trxm-(TRSP), 49 F R &G %

W BEA R Z G BB )G, HPLC o474 RAW, MIIHKIFHLIK GHK = GQPR. %4 Raf T4
BRE L0 4] &0 Tk qb i R B A 2 A.
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Molecular tandem repeat strategy for production of
ultrashort peptides

ZHAOQO Chen, LI Duanhua, LI Jinjun, WANG Lu

Antibiotics Research and Re-evaluation Key Laboratory of Sichuan Province, Sichuan Industrial Institute of
Antibiotics, School of Pharmacy, Chengdu University, Chengdu 610106, Sichuan, China

Abstract: Ultrashort peptides have higher stability, tissue penetrability, biocompatibility, and less
immunogenicity, and are widely applied in biology and medicine. GHK (glycyl-L-histidyl-L-lysine) and
GQPR (glycyl-L-glutamyl-L-prolyl-L-arginine) can stimulate collagen renewal and inhibit collagen
degradation. GHK and GQPR have been used in cosmetic anti-wrinkle skincare and make-up products.
The most common approach for ultrashort peptide production is the solid-phase synthesis, which is
eco-unfriendly due to heavy usage of organic chemical reagents during the manufacturing process. Here
we report a new approach to the production of ultrashort peptides. Recombinant expression of ultrashort
peptides is usually unfeasible because of the short amino acid sequences. A vector pET28a-Trxm
harboring the thioredoxin gene was first constructed for subsequent fusion expression. The tandem
repeats of GHK and GQPR genes were used as the templates for rolling circle amplification (RCA). The
RCA reaction was tuned to incorporate noncanonical nucleotides 5-methylcytosine to obtain long DNA
fragments. Gene sequences with various lengths were generated through double digestion of Acc65 1
and Apa 1. The resulting digestion products were gel recovered by size (from 500 bp to 1 500 bp) and
cloned into pET28a-Trxm to obtain the recombinant vector pET28a-Trxm-(TRSP),. The
pET28a-Trxm-(TRSP), was introduced into E. coli BL21(DE3) to generate a library of Trxm-(TRSP),
sequences with a controlled distribution of lengths. Through double digestion and sequencing, positive
clones with tandem repeats n=1, 2, 3, 4, 6, 7, 8, 9 were obtained. Protein expression results showed
protein bands with corresponding molecular weight, and the protein expression level decreased as the
tandem repeats increased. The expression level of Trxm-(TRSP), achieved 50% of the total protein,
while the expression level of Trxm-(TRSP), was 30% of the total protein. The crude extracts from cell
pellets were further treated with enterokinase cleavage, and the supernatants containing (TRSP); were
collected after ultrafiltration and then subjected to trypsin cleavage. HPLC analysis indicated that the
ultrashort peptides GHK and GQPR were successfully obtained through two-step cleavage. This study
may facilitate the commercial production of ultrashort peptides.

Keywords: tandem repeat gene; rolling circle amplification; ultrashort peptide; fusion protein; recombinant
production

IR FREARGE, hTHME: /B, R SR ARG & ks,
BRI E RN TS, A B b BIK (ultrashort peptide) # S B Hb 2 M ik
SEEMUE R T R, EIKEASHER BEREAEE 7 AEERMKD, 5K
MR RIGRES, 2 TIRE S 2R G0 E IREEAE L, B KA IEE R R, HE
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B Ry 22 5 HLRAT S A0 A R S5 A R E
PE L HLUGEEVE | A Y AH A S A0 M AH 2 1 L
e AR A G e SRR Aok it b B2 T g
PERL o 2 — 52 B IR o 1 22 R K 7 40 i
SAEETT G . BORTTE . e RPN R AE S
REAER, BA R R E A A et
HAG . sl R Bt a S aOR) ™, = Ik GHK
(glycyl-L-histidyl-L-lysine) EL 47 3 3 i J 26 A
P AR, POBK GQPR (glycyl-L-glutamyl-L-
prolyl-L-arginine) E. 45§t R LAV 5% I 5 & H K
figp A AR PR O R A T A ] PO A Wi 5 )
TR RRW I, AEHREE = K-1 (Pal-GHK) FlAzH
BEPU k-7 (Pal-GQPR) HYIR& ¥ 7E Ja ik A T
B kst B BT iR vk, w2z T Akt
U2, e K TR e ) A A B (solid
phase peptide synthesis, SPPS) #il#5, SPPS H1fik
A 2 A 2 i o ] B VR A B AR 1R R S B Ry IOk
SR, XA RGERE A S, BT RIIKEY
SrFER/N, —RICE T EARL, &
LR = AN

IR P 1 (rolling circle amplification,
RCA) J&—FaFi AR S i, BLL 1 AR/
FRAIR DNA MR R , Fl4#AE 9 DNA 5 RNA
REWY WA DNA 50 RNA 51 LI K b
DNA  RNA, H=¥ 2 &Ee-21%om 4
55 PR A B B b ) BB BB A2 51 Y 2 R AR
RCA $ A 58 N 22 Dy el H 8 A ) B2
W ST FGR A B AR (A W 51 i TR,

R 1 XHETAERF B

RCA S NI I AAE B AIAZ F iR, ik 4L A0 4%
IR 23 78 [N I B LB ATE 7 P v S BE B HF
SE 1) BRI PR N DD AL, WO A0S B 7= T e
M8 DNA R BeoR/INVor AR , 15 0 ] il 48
KEGEHBHEES DNA HBEREASY!., H
T I — Tl 5 1 R e UK AL R AR B R A T
2, IR e —Fifil & B Ik GHK 1 GQPR
RAEWWITE, RFFELL GHK fl GQPR fiY &
A A LR B, B RCA KAz AN [ B
() ER I A BRI B, B S S A DR LA R
FIYE & 8 A E 3 pET28a-Trxm, %
FRARAF R AT T AR PR o 38 % L B 1 38 5A 0K
S e B R R A, [RIEE S T —Fh i A
#i% Ik GHK Fil GQPR IS 8975 1 .

1 #RE5xF*

1.1 E#RFI B

KW AT E  (Escherichia coli) BL21(DE3)
J pET28a Il H Merck /A Hl; pET28a-Trx27 A
ARSLE R s BARERILE 1.
1.2 EFERRAF

Luria-Bertani (LB) 5383 (g/L). BELE#E
Wy s, B AR 10, SAEh 10,

Nt. BbvC | , 5-Methylcytosine (5mC), phi29
DNA Polymerase ¥y Fl New England Biolabs
Ao /i FOR S IO &L B IR & A
Biotek /A H]., FastDigest Dpn I, FastDigest
Acc65 1, FastDigest Apa [ , FastDigest Nco | ,

Table 1  Strains and plasmids used in this study

Strains/plasmids Characteristics/relevant genotype Source

E. coli BL21 (DE3) FompT hsdSg(rg mg~) gal dem (DE3) Merck

E. coli Top10 F- merA A(mrr-hsdRMS-mcrBC)@80/acZAM15 AlacX74 recAl araD139 A(ara-leu) Our lab
7697 galE15 galK16 rpsL (Str*) endAl nupG A-

pET28a T7/1ac promoter, kanamycin resistance Merck

pET28a-Trx27 pET28a harboring thioredoxin gene Our lab

&B: 010-64807509

B<: cjb@im.ac.cn
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FastDigest EcoR [ , FastDigest Sac I , dNTPs,
Phusion High-Fidelity DNA Polymerase 4 H
Thermofisher 2\ &l . #BIE B0V H Merck 23 F) o
1.3 F{KEZE pET28a-Trxm #4332
1.3.1 pET28a: BEBYILLA Apa 1 WHIF

M5 pET28a #iiA b 75 L PRI 1% " (1 il
YIS Apa 1 (1 334), 5% QuikChange £ 5
AR TIEE 5 1% g1331a_c1334a (3% 2)
JFLL pET28a MMz 1T PCR, PCR I G4
TR 50 pL, HAK . 10 pmol/L 1E [ 514y 1.5 uL,
10 pmol/L K514 1.5 pL, #iAK pET28a
10-30 ng, 2xPhusion PCR mix 25 pL, #MKZE
50 uL, PCR F&J¥ M. 98 CHiZEM: 10s; 98 C
10s; 72 °C 4 min 30s, 30 ME#; 72 CHE
ff 10 min, JFf5 PCR =¥ Dpn 1 F 37 C
WAL 1 h 5 A B DL YE  E Ik B B R
DNAPY, [ J5 K DNA PIIEHEE T 5 ul #
gk, PIEEAL E. coli Topl0 J&Z &40
M, 37 Citk &G FARBNHAT . IS T
ATy R, BB AR &
PR R S, ZIEAETAEY TR (L)
JBe A A B 28 w0 5 4R A5 S Y 548 1Y BT R
pET28a(gl331a/c1334a),
1.3.2 pET28a:Apa 1 AR IEERF TGA
E1PAN

T SEHE RCA SRS, 7524 pET28a |-
HY £ v B2 25 (multiple cloning site, MCS)

Fz2 XHETASY
Table 2 Primers used in this study

I Apa 1 (Not 1 RAEH Apa 1), [FIBHHEHA
BEH AL EW T TGA, 248 Al i [/ —
SIHIXF c153g gl55¢ cl60t SEH (3% 2), it hy
pET28a(g1331a/c1334a), HAKR A FikH 1.3.1,
A H By 972 1Y Jfiki pET28a(g1331a/c1334a/

c153g/g155¢c/c160t),
1.3.3 pET28a-Trx27: 5'imBEYILm Nco ]
1PN

PR R R R R IR A B 4 i B/, O
5 A 5] A B E B H (thioredoxin, Trx)
VE Rl & A, IF8E o e e D) o s
JEAK, AR - A B - ) A7 -
on, n =108 A%, pET28a-Trx27 A A
Fm I A TR IR Z k27 i E A
JRORL, Himh A8 F N Trx, 00 i XU 4545
DNA F B, W 5 IO v b, HoE i
QuickChange J57 %K 5/ 5| ABGYIH A Neo 1,
i FJ5 2255 o B AP R AS B Ol pET28a-Trx27,
S1%; TA ins3nt 62 (F£ 2), HAKZRAE Tk
1.3.1, K45 B Ak pET28a-Trx27(62ggt) .
1.3.4 KB ZE pET28a-Trxm HI3K 15
A3 9 ok pET28a(gl331a/c1334a/c153g/
g155¢/c160t)Fl1 pET28a-Trx27(62ggt) AT Neo |
Ml EcoR 1 WEFYT, 37 CHEYI 30 min, BEI4E
FIEF =W AT 1 %5 e b e e Uk, HLUk A%
24 100 V, 40 min, HL kS5 A0S 2 51U [
W, IERARLMEALE AR H A DNA R B, ¥

Primer name Primer sequence (5'—3")

Purification method

gl331a cl1334a f
gl331a cl334a r
cl53g gl155¢ cl160t f
cl153g gl155c cl160t r
TA ins3nt 62 f

TA ins3nt 62 r

CAAATCGCGCTGTTAGCGAGCACATTAAGTTCTGTCTCGG
CCGAGACAGAACTTAATGTGCTCGCTAACAGCGCGATTTG
GACAAGCTTGCGGGCCCACTTGAGCACCACCACC
GGTGGTGGTGCTCAAGTGGGCCCGCAAGCTTGTC
AAGAAGGAGATATACCATGGGTATCATCGAATACGATGGCG
CGCCATCGTATTCGATGATACCCATGGTATATCTCCTTCTT

PAGE
PAGE
PAGE
PAGE
PAGE
PAGE

The mutagenesis sites were indicated as bold letters.

http://journals.im.ac.cn/cjben
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BN H Y DNA K BT 16 ‘Ci# 42 30 min, %
PGSR E. coli Topl0, 37 CHiFE
AT BN T B AT iy B T S BUmORL S
W BRLEE I I e XS, PRAF IE B Y SEReE
1.4 %SBKEREXEE (tandem repeat of short
peptides, TRSP) £ 7K 8 T Y& i+ KRR
EAFES

1 4~ TRSP FEA BT HEKN A B K B
96 bp, ZILAETAYTRE (L) BHARA
AIHEAT LS I 2 pUCST, BLIEIR B
W5 BN (B 1), ISR B E R 1
NBBENL . B H 5um Al 3745 BA
1A Sac TS, ATFRHEASGHIL, dce6s 1
Fl Apa 11 15 TRSP JEAS AT Y o e 45,
(TRSP),, i 128 33 5 07 o548 28 Ak 4k | o
Acc65 1 Ml Apa 1 348 Dem H LB BUR, 4
RB gl A SmC AR Lm0 D70 1 gl 2 4 BH
Wro Acc65 14785848 5" Sac 1 Z )5, Apa 1
i 2Z 5 S 3 Sac 1 o BbvC 1 7 5 B 4%
Acc65 1 2ZJ5, nt. BbvC 1 EEI A 5 AT 7= 4k
“PI, MMifE A Phi29 DNA A B« |97
fisio B4 BOvC 1 i fiZE (FRIZTLLA
4Y) R gt JE Kk GHK Fil GQPR f £ I 51 &2 i ik
EH P,

ki pUCS7-TRSP 4 Sac 1 BV 5, I [H
W TRSP R B, #RJ5 H DNA #4250 &b iy

Sac 1 Acc65 1 nt.BbvC 1

KA T AT HEZERE, ZJ5 65 C/KE 10 min
PORIERE, RG] nt.BbvC 1 # 3k DNA
YIE =A<y, 2 )5 80 ‘C/KI 20 min #4K
T it o
1.5 RCA K2

BEJ5 4T RCA W, 50 pL ik &R E
RN A A P RFR TRSP F B¢ 10 pL,
1 mmol/L dATP, 1 mmol/L dGTP,
dTTP, 0.5 mmol/L dCTP, 0.5 mmol/L 5mC,
0.25 U/uL phi29 DNA R &, 0.1 pg/ul 41
B HEH (bovine serum albumin, BSA), 30 C
BE 19h, WELEHIG 65 C/KIE 10 min #K
15 ¥ o
1.6 EARFEKE TRSP HRIEFRHWELEA
TEEMEE

RCA RN P24 Ace65 1 F1 Apa 1 W1k
J&, K 5mC Ry A AR RS BE Y TRSP
Bt (TRSP),, #17 1% IEMEER B IK G, F
] SR 2l Ak ARAS K B2 2 500 bp ] 1 500 bp
i) TRSP HEBUR&Y . #iKk pET28a-Trxm £
Acc65 1l Apa 1 HAL)E , BE IR A2 AL
W PR AR AR BERY (TRSP), F BS54tk
A& pET28a-Trxm F Solution [ F 16 “Ci% 4%
30 min, FfJEHGHIEEALIERZ YL E. coli
BL21(DE3), #4195 AW B4 A R BL i B 58
W& E. coli BL21(DE3)/pET28a-Trxm-(TRSP), .

1 mmol/L

Apa 1 Sac |

GAGCTICG TACCC+TCAGCAAAGGTCACAAAGGTCAGCCACGTGGCCATAAAGGCCAGCCGCGCGGTCACAAAG GTCAGCCACGT G_G_QCC%GAG CTC

CICGAGCCATGGGAGTCGTTT CCAGTGTTT CCAGTCGGTGCACCGG TATTT CCGGTCGGCGCGCCAGTGTTTCCAGTCGGTGCA C#_C_Q(_}QCTCGAG

E L G T L S K G H K G Q P

R G H K G Q P

R G H K G Q P

)

El1 TRSPHEKEIT (n=1)
Figure 1

‘ Cloning

&B: 010-64807509

Tandem repeat of short peptides

TRSP unit (n=1). Sac 1 was denoted as “___
repeat sequences encoding peptide GHK and GQPR were denoted as “___”. Apa [ was denoted as “_

R G P E L
> Cloning )

”. Acc65 1 was denoted as “ 7. The tandem

B<: cjb@im.ac.cn
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BEHLPEIBCES T E. coli B 581 343 W45 Fh
TEMIREIEE 2mL LB } 373, 37 C.,
700 r/min P HEBE . HEFRWK 12 000 r/min B0
3 min WERTRAA , SR J5 F R B 77 & 4 BBt
RifE, Wb ki Neo 1 . Apa 1 F 37 Clif
Y120 min, BEYVIZPHEAT 1 %5006 W B8 s L Uk
B E o B 55U B A4 BRI
1.7 EHFEEZEH Trxm-(TRSP), FKik

W e B IE B 1) B e B R AP T 2 mL B A R
RIBEREM LB Ki3:3E, 37 C. 700 r/min #&
Ui 3G AR o B R A O R DL 1%
(VIR M T 2 mL 19 LB 53558, 37 C.
700 r/min JERFHETFRE ODeoo 294 0.6, FEIIA
IPTG £ 0.4 mmol/L, F 37 ‘C. 700 r/min i/
6 ho BB ARG H I FEW L (12 000 r/min)
3 min WAR A, A FRKBER—#, #m
A— R Sx EAEZPRIRS), 100 CH#&
W 5 min I #HE 5o PTAEE & 1T SDS-PAGE
3T
1.8 MYIEHEMESER Trxm-(TRSP); 3%
S BBYRERK

¥ THEH E. coli BL21(DE3)/pET28a-Trxm-
(TRSP), #F#F 500 mL LB 5555515 3 %5k,
HAAT B 1.7, $E5R85 05 B O e wi ik, If
o HEET 50 mL AHRIZ M’ (20 mmol/L
Tris-HCI, 200 mmol/L NaCl, pH 8.0) it
T e, MR TI% 200W, T
YE3s, B 7s, BE 60 K. HH 5 EWE
L (14 000 r/min) 10 min Y8 i, @A FE
W5 12 30 kDa 1) 8 2504 01 78 8 ok 4
J5, HIENWHIIA 20 mmol/L 1) Tris-HCI1 2%
M (pH 8.0) ES.0PEVR 3 i, 1345 15 mL & &
HENA T A Trxm-(TRSP), B W5 . TEIE 3%
WA 16 U i, T 37 C/K¥ 4 h 4T
itg U1 [ N7, gV 45 o1 J5 B W R 4 74 S kDa

http://journals.im.ac.cn/cjben

AR UE B O HEA TR, I HAHIFAY Tris-HCI
GEOh VRS, BIENWIMA 32 U MRE N
fitg, T 25 CH&AMTREYI 3 h J5Re SO B0,
B - yE 4T HPLC 4387 o

2 BERXR504

2.1 FH{KEZE pET28a-Trxm HIHEE

R T SEAS [R5 DR ik GHK T GQPR
FE IR E RN, FEAHMEENE (TRSP),
A BEWI i 51 AT T Dem B 3 AL AU Y Bl U0 437 5
Acc65 11 Apa 1, ilid XA SA R E R
IR, YR Brh g1 SsmC AR Mg g i
VIEh 2 FH W . A5 LA pET28a A i A i
K, I E S RALKE Apa 1T (1 334) BERHL,
bt 5 7E £ vi B2 25 (multiple cloning site, MCS)
SIA dpa 1, 315 T 9875 )5 1Y pET28a(g1331a/
c1334a/c153g/g155¢/c160t)., AS[alHE D1 # 1) % ik
GHK H1 GQPR LK TE E. coli H ER IR KI5 8R
FEAE ST F BN FRE W IR, OASBIF 58 R
5 AR B F R R IA O K T Ris . D
pET28a-Trx27 A &K Bk, S Trx27 1 5'5]
A Neol fii i, 3R15 pET28a-Trx27(62ggt) -
pET28a(gl1331a/c1334a/c153g/g155¢/c160t) F
pET28a-Trx27(62ggt) 47l Nco 1 Fl EcoR 1
SRV, 6 Il e 3R A5 2 v Ak 3 AR F0 Trxm A
B, RIS EBI AL A, AT 5
1E B A 2K 5 22 pET28a-Trxm, ) Z 1 # /s
EEIWE 2,
22 RCA RNMIRBARKEHR (TRSP),
R

B3 R T ERECE R A B i R
HA&%: (1) pUC57-TRSP £ Sac 1 Jifi1) 75 5|
LVEM TRSP F B (2) 4k TRSP B4
Solution [ #2415 ¥R TRSP 70+ (3) ¥k
TRSP £ nt.BbvC 1 YIFEI=AE<PIH”; (4) w5 Y)
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FI”f) TRSP fERAEMR, i SmC 0% 12 09 35 (5) WY IERN 2 Acc65 1 Ml dpa 1

dCTP JHEATIRIY I, PGS SmC BENUBAZRF WYL ™ A A RS 9 (TRSP), i BUORGY)5

MCS-[158-203]
EcoR 1 -192-G'AATT C
Neo 1 -296-C'CATG_G

pET28a(+) Apa 1 -1334-G_GGCC'C
5369 bp

Impairment of 4pa [ | MCS-[158-203]
(1334) EcoR 1 -192-G'AATT _C EcoR 1 -203-G'AATT_C

Nco 1-296-C'CATG_G

pET28a-Trx27
5 662 bp

pET28a(gl331a/c1334a) X
5369 bp

Apa 1 169G GACCE @ EcoR 1 -203-G'AATT C
- Neo 1 -592-C'CATG_G

Neo 1 -296-C'CATG G
| pET28a-Trx27(62ggt)
5665 bp

Introduction of Apa | at
MCS

lMCS'[158'2O3] Introduction of Nco II Xho | -164-C'TCGA G

pET28a(gl1331a/c133
4a/c153g/g155¢/c160t)
5369 bp /

I Double digestion with Nco [ and EcoR |

* % %

%

[ |
o Apa 1-169-G_GGCC'C

Ligation EcoR 1 -192-G'AATT C

Acc65 1 -243-G'GTAC _C

=& Neo | -381-C'CATG G

pET28a-Trxm
5654 bp

B2 #HIKFZL pET28a-Trxm MEREE
Figure 2 Illustration of pET28a-Trxm construction.

&B: 010-64807509 I<: cjb@im.ac.cn
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Sac | dlgestlon L1gat10n nt.BbvC Idlgestlon
—_—
Linear TRSP
pUC57-TRSP (n=1)

Circular TRSP Circular TRSP with nick
Rolling circle ampliﬁcation\

by random incorporation of
5mC

p— — — = Double digestion by X M z
e ——— Acc65 1 and 4Apa |
v v v v v —
5 Y 55 S 1 A (5 N v |
Linear TRSP fragments with different length f
Ligation with linear Linear RCA product
vector

o

pET28a-Tram-(TRSP),

3 pET28a-Tram-(TRSP), B 72
Figure 3 Procedures of constructing pET28a-Tram-(TRSP),. The tandem repeat sequences encoding
peptide GHK and GQPR were denoted as the yellow box. Cloning regions were denoted as the grey box.
Locations where dCTP and 5SmC were involved weredenoted as red and green triangle, respectively. Linear
RCA product was denoted as the blue arrow.
(6) (TRSP), A BXIR &M 5467 pET28a-Trxm % 3 500 bp, M4k, SXEGEYIG, #0 Fok 3 T
AT R E A FRIA A pET28a-Trxm-(TRSP),, 2 DR ORI AN N Ir TR, X
ZRPILATAT T AFREHA BB T TRSPEARITTA T T 14 dpa | 1Y)
[ E. coli BL21(DE3)/pET28a-Trxm-(TRSP),, i, GGGCCC, MEHY W™, n 4
RCA W4 Acc65 1 M Apa TTHALEHAT  (n>1)BBRE I, P 50 S0AR W A2 &5 n A
1%BUIEHEEEIC LUK, S5 2R R Mo B Apa 1A MFERER 64, 7o IX K
AR RHORE (B 4), THERMT 1 A
RCA FRIF 5smC 28 A P8 B BELIE M5 2 5%
i o> TR REHLE . PR F 1529 500 bp
#1500 bp ) DNA J Bt Jf ve e = Rk A, A
I3 B 55209 18 kDa #1] 55 kDa.
2.3 (TRSP), EEFFIEE
W FEALPRHUN AT T E. coli BTTREY 1A 42
BUFRLE , RLZE Neo 1 | Apa 1 XUEFUI 45 R 40
K5 firs . B A kGE R H B 450 Trxm-
(TRSPY,. JiE W1 LR Db % e 3k bk . I ;: RCA =% Acc65 1 F Apa 1 WEEYI
By i R o i T 750 bp LT, K Hrp ik ;igure 4 Double digestion of RCA product by
21 %NS Trxm-(TRSP), B F 22N Acec65 1 and dpa 1.

http://journals.im.ac.cn/cjben
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FE4 873 bp, 12#1K A 1 053 bp, XL 5%
Mg )45 RAAFT o (B, A R4 SR S B L
HEH Trxm FEEFFIEMBER T, ERH
Py N B B R, s I E 2 K
(TRSP), #B4rMF 3 S AR K E . T
TRSP WAHIL (n=1) H (B 1), C&HE
GHKGQPR J:H P 3 NMEREKEE , WrER
WY B FREE, BRI IN 1 4> TRSP A9+ D1%L,

Y TR T 3 4> GHKGQPR () HBEE & M
AR IC EE A2 R R 30 A A e v A o R A A B AR
Bt A RRE Y, X REt R R A Y

WS RN 22—

A B B Ry B8 SR AT b, AR R
LRI SO I FEALE A SmC ) SEEL T
KR I R IR S, RS T AR R
BRI EHAMAEARSIER, n=1. 2, 3, 4,
6. 7. 8.9, BEHPEELE n FIGHN, Trxm-
(TRSP), 5 K 57 514 B M\ 423 bp & i3 in 2=
1 143 bp, FHN A9 BRSO 141 B = 381,
IS T 15.94 kDa #1 % 41.27 kDa
(£ 3)o B 1M IE (n=1), HEHFFIEL
K4 90 bp, AHRE A Z LR EG I 30 4>,

1 23 456 7 8 910111213 141516 17 18 19 20 21 22 23 24 bp

weuvedwyeyweYeVeuwye |

(TRSP),

5 JRFI pET28a-Trxm-(TRSP), X E&17] 45 i

- 3000

Figure 5 Double digestion of pET28a-Trxm-(TRSP),. Lane 1-22: single clones; lane 24: marker DL5000;
TRSP units generated by 4pa 1 digestion were denoted as the arrow, which suggests n>1 of the tandem

repeat number.

*3 EBEAFISH

Table 3  Analysis of gene sequence

Protein Gene length (bp) Number of amino acids Theoretical molecular weight (kDa)  TRSP unit number (n)
Trxm-(TRSP), 423 141 15.94 1
Trxm-(TRSP), 513 171 19.11 2
Trxm-(TRSP); 603 201 22.27 3
Trxm-(TRSP), 693 231 25.44 4
Trxm-(TRSP); 873 291 31.77 6
Trxm-(TRSP), 963 321 34.93 7
Trxm-(TRSP)g 1053 351 38.10 8
Trxm-(TRSP), 1143 381 41.27 9

&B: 010-64807509
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2.4 EHFREER Trxm-(TRSP), BRI

Wi B A TR R R T B AT E.
BL21(DE3)/pET28a-Trxm-(TRSP), 4315 5% If:
BRI, BREREKLENSL SDS-PAGE

coli

SIATEE RN E R . 4 (TRSP), HRHKE E 4L
n=1. n=2 i, 53 37#E53F 1k 16 kDa 1 19 kDa
WA R RN, SIUHMAEMSS (B 6A, 414
fi3%)o Trxm-(TRSP), Kk K20 E. coli EtE

A kDa
95 —
72 —
55 —
36 —

28 —

I (8l =

— o o
— — —

"

|

2 3 4 5 6 7 8 9
!i”|+

-

(L

1
|

Bl 6 E.coli ®{kEEH SDS-PAGE 21

Figure 6 SDS-PAGE analysis of total protein from E. coli cells. (A) Lane 1-4: Trxm-(TRSP), n=1; lane 5-8:
Trxm-(TRSP),, n=2; lane 9: Trxm-(TRSP);, n=3; lane M: marker 26619. (B) Lane 1: Trxm-(TRSP);, n=3;
lane 2-6: Trxm-(TRSP),;, n=4; lane M: marker 26619. (C) Lane 1-2: Trxm-(TRSP)s, n=6; lane 3:
Trxm-(TRSP);, n=7; lane 4-5: Trxm-(TRSP)s, »n=8; lane 6: Trxm-(TRSP)y, n=9; lane 7: E. coli
BL21(DE3)/pET28a (negative control); lane M1: marker 26619; lane M2: marker 26616. Target bands were
indicated as the red arrows. Unexpected overexpression bands were indicated as the black arrows.
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BE %97 SRESRHATHEBENT

1 40%—60% , Trxm-(TRSP), Fik 7K V-2
1 30%40%, 4 (TRSP), HIBEEE 5 n=3.
n=4 i, FEWM 4T it 22 kDa i 25 kDa &b4
HA &k &k, BRILZAM, n=3 B7E 19 kDa 3|
22 kDa Z ] 55 A W 45 AR T 40+ m i i ik 2%
i (K 6A F1 6B, MBAAHESL), n=4 BIFE 19 kDa
$| 22 kDa Z A5 H 1 kil Kk Fkd (K 6B, &
OH3%); Y n=6. n=7 i, 7EHMN /3 F & 32 kDa
F1 35 kDa 2bJFJC HE H RN, 4 n=8. n=9
i, 2 B B 4> F 4 38 kDa fil 41 kDa AbF
BARAKSF- 8 i 3R, I AT gk H 8 A
#®ik (K 6C, afik). n=6. n=7. n=8. n=9
RHEEREALK R (B 6C, BEFik).
TE %35 Trxm-(TRSP), i, >4 53 Bk & 52 5L
n>2 B, B EAEBE AN R, B
A 1 AT REASW R, XAHeE
FEFR IR IR BB R SRR SR, R
BRI —Fh 3 FR R X HLA], o n] BB th TRl A R
1 Trxm-(TRSP), (LN A% . AN L REE SR AT H
H, Y n=1 F n=2 &}, HEH Trxm-(TRSP),
1 Trxm-(TRSP), Rk K88, i bE & B &
BEE RSN, Trxm-(TRSP), B9£ kK%
WREAR . n=6 F1 n=7 By R W H M E AL, [FH
BHFE n=8 Fl n=9 B} 43 B AE T 43+ it b A7 A1
KV F SR . FIEFIRE E P KRR
DAL FLAh 24 T B L RE IR, G n=1 $EAT )R
25 BHIEKRKEEMRGE
KBiESREEHNTREE (=1) WkgLd
MR IR . TSR A E
il 25 1 Trxm-(TRSP); A9 _EI5 W Bt s W
2 EEEY) 4 h J5 34T SDS-PAGE 70 #r. & 7
ki 2 nE W, BV 0 h B, ROV AR

&B: 010-64807509

BLAA N RlA B 1 Trxm-(TRSP), (16 kDa), ¥k
8 1 ONEFD) 4 h ROV, VTR B AEREY) 4 h s,
SR B JCRE A 2 I Trxm-(TRSP), 45445, i
AHRH S BT —> 43 F 5N 12 kDa 13T 5571
5 Trxm Pigs & —2, MMH#EN Trxm-
(TRSP), #% 58 4 VI HI My 08 £ 11 Trxm FHHL ik
H B (TRSP). MAh, FEARMEER] (TRSP), 1)
FIRE 4545 (BRIESrF=o4 3 kDa), XJREREH
J/NT 5 kDa 8 4547 7E SDS-PAGE i1l &
WRE . MRS RS, ROV T R IR T
0 F AL BRARAT S (TRSP), WITEW . AR L
WEAT R BT B RN, [ E ) B B YA 7
HPLC 4317 . i3 5 GHK A& GQPR X it fih
i) HPLC B3R, /s 28l 5 19 ) R
o BT ORI, LS X R G OR B A R — 2
(#l 8). BLEERFW], RN TR ANR T HBY
%5 Bk GHK #1 GQPR.,

kDa M 1 2 kDa

42 — .

17 — - - < (6
- o

10 — .. “

4.6 —

1.7

7 E4H Trxm-(TRSP), £7 M E5EEY] SDS-
PAGE %}

Figure 7 Recombinant Trxm-(TRSP), cleavage by
enterokinase. Lane M: marker 26628; lane 1:
reaction mixture after 4 hours of cleavage; lane 2:
reaction mixture at the beginning. Target bands
were indicated as the arrows.
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Signal (mAU) DADI A, Sig=210.4 Ref=360,100 (F:\AGILENT\DATA\3C\3C 2020-05-11 18-16-49\20200504000002.D)
r 2 I

300 F S
E (TRSP),
200 F o
A = | = QX
o ‘— o —— -
0 ' = U T — \|||
-100 |
_200 1 I 1 1 1 1 1 1 1 1 I I 1 1 I 1 I 1 I I 1 1 1 1 1 I 1 1 ‘n 1 n(
0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 Time (min)

Signal (mAU) DADI A, Sig=210.4 Ref=360.100 (FAAGILENT\DATA\3C\3C 2020-05-11 19-23-46\20200504000001.D)

300 ~ ‘
: 2
200 £ _ °°lr;G s .o .
100 F 5 == “ QPR Fw 55 g
Il N ERE
0 GHI(VIIHL‘ L _+L | . “I'|= — } — — ."|I
~100 F
_200 L1 1 L 1 1 1 1 1 L1 I 1 1 1 1 L 1 L 1 1 1 1 1 1 1 n 1 I 1 L L
0 25 5 75 10 12,5 15 17.5 20 22.5 Time (min)

El 8 (TRSP), ] HPLC 4 #f

Figure 8 HPLC analysis of (TRSP), enzymatic cleavage. Reaction mixture at 0 h (A) and 3 h (B).

3 3tk

Bl A2 KR, AATTRE T 0 B SR o
My, BLIEYIA R AR R . ARk Ak
2 ity T 37 ) R R A b IR T KR, T
PR I Aot S A R 2R T R TS, N
KT WG A 2 — e R R K
GHK Fl GQPR ¥I°h{55 ik, GHK Refg s i
JEE 1 A H B B AR A5 1 A AL
BEEAVERH, GQPR HAGHL & LIS I 5 & 1k
fIVEM . BE Sederma 2 H & HY Pal-GHK
Ml Pal-GQPR MR A& WIE M2 W B s
Matrixyl ™ 3000, W] O 8 7 A B9 R s
NG5 B R ARBFSE i ) RCA 35
SCEL T GHK Al GQPR A HR B & AU 5 o
HAVE LA RCA LR BEHLE A A AT
R, MNMEAARRKERSRKES IR, 5
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AR E ARG RIS, X E PR IAKE
T B DR Y R IR A R, DT AR A 8 Rk K P
TR, YEEE n=1 M n=2 I}, (TRSP),
1 (TRSP), MKV 53 55035 3 P 1A S 2 1Y
50%F1 30%. BE#EFEHSRBES S m, &
A R IR BREAL, B oAy
JEEE B Gk o A E T RCA WM a4
FEREE A TRGEREINE D, HUBRE AT
SEFY-TREIRl 2 R 1T i E AT AR WA
FH I 7 3 O 2 47 8 2 TR Ak R 8 16 o 52 K ) O
Voo A2, N AR 7 T S B K AR e A
I 356 R o 5 00 i 2

o A 2 FH A A B Sk i A, (HI
15 8 e SRR T S aoh R e R A WL A A i
MR —E AR 4, P o, f—
TGk T 42 FF 2 R s ke A 7 e KUY AR 9
T A VA A8 56 Ik GHK AT GQPR . T2 B



BE F/oFRRESKBATHSEESERK

E. coli BL21(DE3)/pET28a-Trxm-(TRSP), £}
TR, WRZ SRR EAH A R
1 Trxm-(TRSP), FLH& , P08 D8 41 55 20 3R
PR HEAMAEAMN LS. SRS
2 N U RN AR R RS U JS , AR AR Ik GHK
M GQPRIE G . MIEA YA VERIEYE NS B
ATtk i, e gl e ek iy sl ik A5 IR
43945 %] GHK Al GQPR ., ATt — 43 T T
FEW E. coli BL21(DE3)/pET28a-Trxm-(TRSP),
30 L A& WEME IO S5, el A e . R, 1
VIR oy s alifb 5 5%, m /v ml kA 3.6 g 4l
1L GHK Fi1 4.9 g 41k 19 GQPR. H T K &
A HABA 5T FH 4 3R w1 45 GHK Al GQPR
RAY . AWFT T # ST T 55 2456 W ) 25 8
FRA 7, 5 EAE A S AR H R R T k2
WAEH, BEAREE AL, B2 B4 Tl
FROE . SR, ARV PR T 8 4 K Y
RO R IR Ko s alifh ik, 5 22T i AR
E. coli = FERTE . WM ER IO =X . R ug &
B A IR AR T KM & GHK
GQPR M k. BuAk, ton] 223806 bt Jr vk i H
F H A A P B AR I ) A K, 452 T A
A
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