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Thymosin -4 (TB4) is a small peptide composed of 43 amino acids. To obtain sufficient biologically
active mouse TB4 economically, we cloned and overexpressed this gene in an Escherichia coli system.
With the isopropyl B-D-1-thiogalactopyranoside induction of the E. coli transformant, TB4 fusion pro-
tein with intein- and chitin-binding domain was successfully expressed in the soluble fraction within
the E. coli cell. The TB4-intein - chitin-binding domain fusion protein was purified from the soluble
fraction of E. coli cell lysate. The affinity chromatography with chitin beads and dithiothreitol-mediated
intein self-cleavage reaction releases the TB4 peptide into the stripping solution. Sodium dodecyl sul-
phate - polyacrylamide gel electrophoresis and Western blot analyses were used to confirm that the
recombinant TB4 peptide was produced with the expected size of 5 kDa. We found that the recombi-
nant TB4 stimulated cell migration in the transwell plate chamber assay. After 18 hr of the treatment of
the recombinant TB4 with 1 ng/ml concentration, the migration of the HT1080 cell was increased by
20% compared with that of the chemically synthesized TB4. The recombinant TB4 was also observed
to promote the healing of a wound area in C57BL/6 mice by as high as 35% compared with that of
the chemically synthesized TB4. These results suggest that the recombinant TB4 has better biological
activity for cell migration and wound healing than that of the chemically synthesized TB4 peptide.
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Thymosin B4 (TB4):= 4371 9] amino acid® T4 ¢] =3l
A, FAFE 5 kDao| 8], 27 Al 2o AT o] ¥,
%52 G actin? binding 3F[1], &9 F[23], A A ZY A
W) 3] Al £ 9] migrations Y2792, 9, 17], HAAH )
F A B Y Y Af B mFEEed s #AsH[5,
11, 15, 16, 18, 21, 28, 31], & Aol[4, 12], Fed4 A5 A7),
kA z HAB0] T oA 7HA Tlse] HZol wel ¢EA L
Atk @A TB4 FAAVF ®o] ¥AH HEZFS human,
mouse, rato] M [8]. Y] o8 715 3= TB4= Fgo =
AHEH 7% 3Ha1[20, 25], B markere} o] AW HEE
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#Ast = Aol H7|= FTh[3, 26]. TB4E EH/F A2
A AR A, AR A 271 % kAR, T oko] BA] RE¥T
g, AE @ol 51, AAHCEE ofF uH§ A

A A E AN Az @8l ez Aitsted),
g oz ol SFMET} Escherichia coli )t Z2F %
U gz A £t unLa]./\i ;H.g A7ro =
Fo A nEEE AAE E [10]. &

ol Al Eapgko] 2 "JE}O]E% ‘?a}f:’i’\]ﬂ‘?i E.
+ protease®l] &3 A proteolysis7} A5 4ol dTh
s proteolySIS AEE $HF7] fEA protease de—
AH-8-3F AU [13, 19], tumor necrosis factor %=
green ﬂuorescent proteing §% FEUR AH§3}to TZ}‘“*
< %9 chimeric 92 Fe) 2 L&A 7] AU[10, 27], 6X His
ET intein tagsE A& A TB4AS RHA7IE = A E7F O]
$kTH[6, 13, 14, 30]. 53], intein-tag chitin binding domain
(CBD) §&5 ol 9o} B4 wuAe BAES %3 E coli
AEZA W proteases?] FACEZRE 54 A B3
T 3, chitin#9] 38t & o] &8td, AA Al 52 @
T ES FEE GARM 853 £ 96, 30].
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£ =74+ mouse TB4 4 AE subcloningdle in-
tein-tag? CBDSt %€ WA+ LEAE 7531, pro-
tease-deficient %! E. coli BL21 (DE3)oll FAAEA A
A ddzAE 2A e, F4EH recombinant TB49] £,
AA 34 FPs 1A skt =3, AA Y recombinant
TB49| F83 584 &4 (cell migration, wound healing)
< ¥eluA st 59, olwj7tA AFEA FUd, 181,
T¥ Y 2F o) AeEE AT AF5F A EF HT10805
AH4-8t4 cell migration 842 ZABIA I, AAHAF A5 =
A3 &% moused A&t A HAHE FEHAT H re-

combinant TB49] AA A # &% & AFAoZ AnHYT.

=]

Mz 2

I

ABZ3F % Plasmid

£ A7) A8 mouse TB4 A A& pET-22b vector®]
AZFANA L2 plasmid pET-22b-TB49] subcloning & o 1
A ot AF). o] plasmidE E. coli DH5a ©f &2 2%
A A B33, GeneAllR GENEx Genomic kit (GeneAll
Biotechnology, Seoul, Korea)E At&-3to] %3 plasmide
pTYB2 vector (New England Biolabs Ltd, UK)®ll subcloning
< 93 PCR % Z(forward primer (GGAATTCCATATGT
CTGACAAACG; under line: Nde I cutting site 9} reverse pri-
mer (CCGCTCGAGCGATTCG; under line: Xho I cutting
site)3t AT 75 & plasmid pTYB2-TB4 (7,575 bp)E E. coli
BL21 (DE3) codon plus o 3&x A #H}. Plasmid pTYB2-
TB4+ T7 promoterE 7FA L 9] isopropyl thiogalactoside
(IPTG)E A7Mgo=x T4 HdL =T 9ok

i B A LS FHF3

E. coli BL21 (DE3) codon plus/pTYB2-TB4-2 LB Hjj 7] ol A
37°C, 1643 & M= 3kl ODeo @01 057F H9l& o,
IPTGE A7betsinh. TB4 2d HH 21L 71937 99
IPTG %5 (0, 01, 03, 05 mM), §5 AIZHH(0, 3, 6, 124171,
¥ 25 W (37C, 30C, 25C)Z TB4-intein (60 kDa)9| &
%<& 10% glycine SDS-PAGEZ 743} At

TB42| HA|

E.coli BL21 (DE3) Codon plus/pTYB2-TB4E LB Hl| A] o A
1L Mkt aa, Mok 3 10000x g 108, 4Tl A A4 Eel5)
o cell pellet‘ﬂ' B9, column buffer (20 mM Tris-HCl, 50
mM NaCl, 1 mM EDTA, pH 85) o %02
PEEEES

Cell lysateZ 15,000% g, 10%, 4T A AL &, 45
% (soluble fraction)= chitin beads7t %l

chromatography column (Bio-Rad, USA) ol

W & sonication

Econo-Pac

L
-
Y3, column

buffer® washing3t ¥, cleavage buffer (20 mM Tris-HCI, 50
mM NaCl, 1 mM EDTA, 50 mM DTT, pH 85)& ¥ 1 25T
A 4877k FoF vkS-A1 A TB4S} intein-CBDE 2 TA] 7 T}H30].
TB4 €% %, column W9 intein-CBD2} chitin beadsE £
at7] el stripping buffer (1% SDS)% DW=Z washing &
F, column buffers A4 L4t &9 TB4= DITE AA
7] 43 PBSE FA a3l

Protein S SDS-PAGEZ 0|28t TB4 £4

gl AFE Lowry HE AHESSY, & dudE
01% BSAE AH&atdtt. @ $E=F 7} lane ¥ & 25 1g/
ml9 FEE 233 10% glycine SDS-PAGE®} 16% Tricine
SDS-PAGEE A3t Ath ¥4 Coomassie Brilliant Blue
(R250)5 A-&3kath.

HH| TB42| western blotting

A A ¥ TBAE 16% Tricine SDS-PAGEE A3 3t1 & H,
western blottingS A3t 0.2 pm pore size® PVDF
membraneS methanol®l 24 E F transfer buffero] 527¢
BH-& Al Th. Semi dry transfer® 15 Vol 1/\] b F<F transfer
A7 5, membranes blocking bufferd]l 21 4Tl A over-
night 3%t PBST (PBS, 0.5% tween 20)Z 3% washing, DW
Z 19 washing 3151 & ¥, TB4 antibody (LS Bio, Seattle,
USA)E 25TAA 143 5 wh-gA 711
dary antibody (AP-conjugated goat anti-mouse antibody,
LSBio, Seattle, USA)E 25T, 1/ 7t ¥H-&-A1Z1 5 washingd}
o}, Detection & % (Miracle-StarTM Western Blot Detection
System, iNtRON Biotechnology, Korea)s 33+ 37°C ol Al
202 ¢ wEe AL, wEE FAANI] 9E DWER
washing3} % Th. 51834 & TB4 (chemical TB4, Bachem AG,
Bubendorf, Switzerland)$} recombinant TB42] £4%-& H|
w3}7] 98l 16% Tricine SDS-PAGES 4 8 3} ¢ t}.

1 washing ¥, secon-

=8t TB42| cell migration assay

TB49] 5= 715<l cell migration 84& ZA 317 913 A7
A5 AEF HT10805 AH&-33aL, wjA 24 & DMEM
7 10% FBS, 1% penicillin-streptomycin, 1% L—glutammeol
M, 5% CO, 37C incubatorol] A Wi %3} t}.

Hemocytometer2 A £5+5 AlaL, 2+ well G 5x10* cells/
mlE 12 plate wellol| seeding3t E]"E‘ TB4E A sttt iz
T O 2 PBSE AME31991, 8834 TB4, recombinant TB4E
7} %291, 10, 100, 1000 ng/ml)E 7 wello] EF3 7
5, 24N 7t F9t incubation Al TH17). 2443t 5<F TB4E
Al elF HT1080 cell> 0.25% Trypsin-EDTAZE A 2]t
FBS7} 3% DMEME #7310 1,000 rpm, 4C, 5% 59
AAE2 st & F cell pellets DMEM (FBS free)ol A #E



A

Trans-well lower chamberE 0.5 mg/ml ¥ %] collagen
10 pl €5 & =xsta H5o] Td H 4T 2aAsAT
Lower chamber®] DMEM, 0.1% FBSE 600 ul &3+, up-
per chamberdl = 919 A # et HT1080 cell 557} 1x10°
cells/ml ¥ =5 seedingdt i (total volume 100 ul7} H =%
FBS-free DMEM & A ] %), 18417t B¢+ w43t} o] &
trans-well®] Hj 2| & A A3t 1 trans-well H-5-& methanol 2
187t cell fixingAl 2 TF. Hematoxylin & 2 3%t cell& A4
A%l 5, DWZ washing3t il upper chamber filter F-&& #
FOoR FolEdt AN FES 2Y H, filterE 22
LWL Jower chamber filter7} SIF-& 0.2 }o] slide glass
9ol ¥& H, Balsam A o= Aot AlZFE AT o2
A A AEFE seeding?t Al £579} vlasto] o 3] (%)

Z Yt it2, 22

=8t TB42l wound healing assay

TB4¢ F 7152l wound healing $4& Z437] 30
mouse C57BL/65 A&t 1 ager 6-week, sext female©]
A oH(Kosin 15-10). 151+2] & AF&-314 control (DW: glycerol
H&& 7302 vk &) 572, chemical TB4 A 2] & 57}e,
recombinant TB4 #] &) & 5v}2] & UFo] AF&3th A Aln}
HAE AL &, A 5o de €5 AAT F, 2 mm biopsy
punch® 44 & Wi, TB4E A &3t th. DW: glycerol ¥l&
S 7:32% WE £9 50 plo] 25 ug TBAE =9 402
59 ¢ MY A5 HE&HF A % 05 mg/ml), AT
919 tissueE PHAOE Ao A HA S AU FA (%)=
UHER AT

2} al &

TB4 - Intein 88 CHAZQ| 2|5 Wi

A7 SA E. coli BL21 (DE3) codon plus/pTYB2-TB4E
LB ] 2] o] A 37°C ol A 16217 H] ¥3F] ODen #t0l 057} 2
o, #% 5% 05 mM9 IPTG & AH71ska 3417 F=u) kst
Atk FEHYE &, M EFSE 4TAA 10,000x g2 LA E2 s}
o cell pellet% TE buffer (10 mM Tris-HCl, 1 mM EDTA,
pH 8.0)91 =2l T2, 10% glycine SDS-PAGEZ 2313+ A3},
60 kDa2] 399 A TB4-intein-CBD §& ¥ do] e 7
< gl g th(Fig. 1).

TB4 - intein-CBD &3 @949 4 f=dd =
371 3l IPTG =% (0, 0.1, 0.3, 05 mM), F= A
3,6, 12/7h), M =¥ (37T, 30T, 25C)2 P2 A 3hx
HjoF & 3 TB4 - intein-CBD & &2 o &d A4 3}
A A8 Cell lysates insoluble?} soluble &%
2 7o SDS-PAGEE #4¢ 23}, TB4 - intein-CBD &%

o [
wg Mo
S o

r
N

lo = i
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Fig. 1. 10% Glycine SDS-PAGE analysis of the recombinant TB4-
intein fusion protein. Lane 1, protein molecular weight
markers; lane 2, cell lysate of E. coli BL21 (DE3) Codon
plus; lane 3, cell lysate of E. coli BL21 (DE3) Codon
plus/pTYB2-TB4 (37C, 05 mM IPTG, 3 hr).

DA 2 soluble &8 oA FAEH T, HF IPIG 55+ 01
mM, H 2 ELEY FE AL BTN AT 2l
5 9 th(data not shown). E. colioll A1 TB47} soluble 3] o A
WA & ploy-His tag#e] F@ 3 dimeric TB4 W& ol A
T Bud vk QATH13, 29]. TB4 HdFE ZthA717] Y&l
dimer F+ tetramer FE|Z A7 E H$7F JEU[28,
29], ¥ A7l A= momomer 3 El (single copy)E A A
= pEde] EAVE 9lee BoFTh

MZSF TB49| MA & western blotting

TB4-intein-CBD &% T2 & chitin beads7t A%
Econo-Pac chromatography column®. 2 A& s} th. Cell
lysate 5 %= column®| g ©] TB4-Intein-CBD< chitin beads
o 24t I 522 cleavage buffers ¥ 4843 5k
25C o)A TB49} intein-CBDE cleavage A A Th. A Al GAH
2 A% TBAZ 10% glycine SDS-PAGEZ 21§ A3 in-
tein-CBD+= 55 kDaoll A &<Qlo] H Sl (Fig. 2A), TB4E 16%
tricine SDS-PAGE®|A 5 kDa &Y W=2 3215 9l th(Fig.
2B). ZAE TB4E western blotting®. & A &l A3}
(Fig. 20), 5 kDa%l Al =3 T HER YR, oF 95% o4
o £EF Holz Zor dTdY. Y, 3943 TB4
(chemical TB4)$} % Al ¢ recombinant TB4E &Y 3 &5
A 16% Tricine SDS-PAGEZ ¥ ¥ 23, & th 5 kDadll A
band &<lo] Holot, 5834 e TB4S) bande WA A
93 A%k HHAE ), recombinant TB4= HA A ¥3 F11
A& bandE EF5ETH(data not shown). ] recombinant
TB4°] S A (Fetol &) A T (folding)ol HAF ol 7HA ¢
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Fig. 2. Purification of recombinant TB4 expressed in E. coli. (A) 10% glycine SDS-PAGE of E. coli BL21 (DE3) Codon plus/pTYB2-TB4.
Lane 1, protein molecular weight markers; lane 2, crude extract of transformant E. coli cells; lane 3, supernatant of crude
extract of transformant E. coli cells; lane 4, non-binding proteins to chitin beads; lane 5, elution fraction after cleavage
with DTT; lane 6, intein-CBD fraction. (B) 16% Tricine SDS-PAGE of purified TB4. Lane 1, protein molecular weight markers;
lane 2, purified TB4. (C) Western blotting of recombinant TB4.

2 dofee oristn], L3 JEolE FEE AN, MZEE TB49| cell migration &4
chemical TB4 Rt} recombinant TB47} T & A &84 24 Transwell A-&3o] HT1080 cell& migration A7l A3},
& 2y o =, TB4 H&F 57t 1 ng/mlol1, $5E oW L5 mi-

Intein-CBD &% J}EUE o] &3 TB4 Lol A th & 2 gration A8t5 = 2A& & o AT (Fig. 3). hE=7(PBS)9
@A 0]/ chromatography (hydrophobic interaction chro- A cell migration #t°] 98.87+2.3 ©] A1, 1 ng/ml &=
matography Z3HE doF 95% o] 49 =& Hol= Zo% A 318+t TBAE 142.64+6.8, recombinant TB4+ 172.85+5.3
B H Hie, 30], & AFAAME 1949 chromatography = S B (p<0.01), &7 wsf 31834 TB4E 44%, recom-
= 95% o4 =55 Yol Al a4 (&Y ¢X5)°l binant TB4= 75% % 7H8 cell migration &&& HHth =3,
FrEE st olu7kA] TB4S| A& & 35t 1 ng/ml o]’¢e] ZE FEollA 3534 TB4 Ht} recombi-
of 9&3td ¥4 L E. coliol A recombinant B} 2 4§ 2k3}of nant TB47} HT1080 Al Z 9] migration F 20% ©]4 © %
=2 BAAE HoT AR Addn ARE &« AT (Fig 3D).

Cell migration? TB49] &%= 9] #A = Wl dlshs B

Dab:'

i a0 10 000
Thymasin beta 4 concentration (ng/ml]

Fig. 3. Staining of migrated HT1080 cell with hematoxylin. (A), control (PBS); (B). 1 ng/ml chemical TB4; (C), 1 ng/ml recombinant
TB4. Scale bar 10 ym. (D), Effects of TB4 concentration on HT1080 cell migration. (black bar, chemical TB4; grey bar, recombi-
nant TB4). Student’s t-test, p<0.01.
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Fig. 4. Microphotos of wound tissues after treatment of TB4 for 5 days. (A), control (30% glycerol); (B), chemical TB4; (C), recombinant
TB4; (D), Wound healing activity of recombinant TB4 (final concentration=0.5 mg/ml). Student’s t-test, p<0.01. (scale bar

=100 pm).

I

AL AAEAYW W M E[18, 29|19 Bg E7IAEA B
17 glof, B A7 Aot & A & 5 AT 3
TB4 Rt} recombinant TB47} cell migrations T & 4 °
T O]+ recombinant TB4 peptided] & © B¢ H3o
2 F4 8. Mouse TB49} 917+ TB4Y] ofv]icit FAH 2
100%017] W&ol Azt A fr5F A EF HT 1080914 = re-
combinant mouse TB47} o|&]&t AFE Hols A0 E #g
o} =2 TB4 w504 cell migration &4 0] Faj A& d4
& 0% T84 #HE AETH EolA FEHOE VY
m[7,29], 1 71A&E ob2 B8] delA YA Fot FF AT
7t Ha¢ FEolth

ox G r
e

N

=& TB42l wound healing &4

25 ug/50 ul (0.5 mg/ml)<] 38¢+A TB4¢t recombinant
TB4E 59 <t 7 AA T A A3, H=F(E0% glyc-
erol)oll Hl3l TB4E Al & 5 A@ToA A Ao &
A3 2opd& <13k th(Fig. 4B, Fig. 4C). tI&T(30% glyc-
erol)©) AthA AH @A Fho] 100.00+188 o A, 334
TB4+ 81.21+15.7, recombinant TB4E 60.00+10.9 & Hof
(p<0.01), #8384 TB4= 19%, recombinant TB4= 40% A=
2 34 "4E go] EAh(Fig. 4D).

5181914 TB4$} recombinant TB49] F7}A wH& =
39S W), recombinant TB49] A3 A & T3] W7 zZta
EH)7F F 35% O =ae & T AN

Recombinant TB49] A3 X+ &%9°] & o fE, cell
migration 24 0] F& o] ¢ nAIMA R, A2 TB4S] A
8¢ folding W&l Ao fFHch28]. 83154 TB4 Rt
recombinant TB428] A% A f &40l =t His ¥ ¥
A2 }15, 28, 29, 31], £ AFANAANH FE(F) Zdo] A
FAE WL oFE A AFS e AY gle 4%
o, 2uut HZ E colil Al TEH recombinant dimer TB42]
FAAf AFHE 025 mg/ml FEAA 79 BT Ao} ratd
A7) ottt R FHJTH29]. wekA, B AT A A4kdt

monomer & B} &) recombinant TB49] A3 A &%5°] H
Foltha AgE, do 2 gy FE T FAA

AT7F ZIE

Jo o

4 =

Mouse thymosin -4 (TB4) A& Escherichia coli®l A
intein-tag &% S AZ FHA 7] HA 3t} Recombi-
nant TB4-intein &3 @A £4#FE 10% glycine SDS-
PAGEZ #9lgt A3, A Z U soluble £ A 60 kDa2
gids A& %y, FEEE A4 242 01 mM
IPTG, 25Coll A 3A T &< F & HdT w7t HHUE& &2
3} t}. Recombinant TB4 TH& 7] 93] A] chitin bead & ©]
43 284 22rEIHY F DITE ¢ 43 self-cleavage
g 4ol o, BAFS g3 27, 5 kDal 2 FHG o

, =5 95% o] o]t A A S recombinant TB47} A&
A 715E BArotal SleA FAE 8] flete, TBAE %
(1~1,000 ng/ml)= 3} HT1080 cell& ©] &3 cell migra-
tiong A3 A3, = E FE| 4 recombinant TB47} 3}38t
A TB4 Bk oF 20% o] & FA4 & B 2H, recombi-
nant TB4 1 ng/ml¢] FEA cell migration &-30] 7}%
=7 YEETH Recombinant TB4E vh$-2 44 £9of 59
¢ M A2 23HHF A2 5 05 mg/ml), 3+EA
TB4 Bt} recombinant TB49] FA A f &4 o] ¢k 35% 1 =
& ¢ & UAT. wetA, B dF oA A4 monomer &
B 9] recombinant TB42] A 2+ &%¢] 7|2 recombinant
TB4 Bt} O ettt Adsr, o= ok 55 2l
Aol e B AAHAF &% A7 ZidEd.

M,

ZAle 2

B d7e 2021%dE Fotietu wu A -H1 (20210188
001)8 Adoz FYP=AFYT
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