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Abstract: The limited productivity of natural shell matrix
proteins has hampered the investigation of their biochemical
properties and practical applications, although biominerals in
nature obtained by organic-inorganic assemblies have attrac-
tive mechanical and biological properties. Here, we prepared
a vector for the expression of a fusion protein of a shell matrix
protein from Pinctada fucata (named as GRP_BA) with the
GRGDSP residue. The fusion protein of BA-RGD was sim-
ply produced in E. coli and purified through sequential steps
including the treatment with CaCl, and EDTA solution for cell
membrane washing, mechanical cell disruption and the appli-
cation of non-ionic surfactant of Triton X-100 for BA-RGD
inclusion body washing. The production yield was approxi-
mately 60 mg/L, any other protein band was not observed in
SDS-PAGE and it was estimated that above 97% endotoxin
was removed compared to the endotoxin level of whole cell.
This study showed this simple and easy purification app-
roach could be applied to the purification of BA-RGD fusion
protein. It is expected that the protein could be utilized for the
preparation of biominerals in practical aspects.
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1. INTRODUCTION

uho] ouu|e Q1A o] W, Aok, Z50) A W o of £
FE29 A2 5 ole ABANA DHE 754 BARA
Aeroz 124 QA QL AHEAE BESHE 4TS
3 wok obue} chopat ARHA oo .
& Folut 7144, Qg BAow s, AN
A3hg QEeE, BiA 4, oA
%7 2§ Hobo] B8 7H5Aol rF [13]. A7 Al

3 WiAYE gt ols= Wol v &g AAolth A o
F4 Q1 vpo] e u | 2 A ghAZE 7] HHe] vho] @ mjy| o]
et A7t Shs] o] Fol AL §lom, XF 2T of 22 3
& AA T A FA WAY Sl et A= AL
2 ole et PAHoR olHd AAe R
(puncture resistance)”} &2 99| prismatic <3} 3haf| A &+
A (fracture resistance)o] ¥ ol Y5 9] nacreous 9] = &=
O 7 wo] QlaL, of 2 FEj o 5% vt e A wp ot T1ej il
95% o]/d9] Bk 0 2 S E o Qlth [4-7]. 53] oF A 7}
A 2 wAYE] FEs] WE A A= A, A7) A4
BAEE T hwol2t 2359 S Ad AA 24st= 4
A W EYA okl 2 (shell matrix proteins)S Ho] 2 0jy| 2
Tt S s 2 Y 4 W 2 - T8t 9T
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uliAto] W, BAH 02 QbYT 234 £2E Y48l
o] 2L ofu| At (intrinsically disordered proteins)o] HhH&-2]
o EAHog go| BT Qi A0 delAch -
13, HAIE 447] A S| )% S4S Bajely] et
o, 230l AL 4 Gk DAL S AGA| T, 2%
o) b3t gl lolet sheletE Aheld A g 3
o] ujg- nju]s}od, 44| upo] @ ujyE G /g off i st

1=
o) yoketa] B4 olsste B B ofelgo] nw,

12 ok flo -

oX
oo
g to oy
10 ox 9 ﬂﬁo

Skt B2 A A v g T E 2 ofn] i Ab
o] o] o ZINkel Thild HAM S & o, T 3
A (inclusion body)Z K- refoldingo]] ¢]s}o] Tl 28 A
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sequence; BAA20465)2 A4 o g AT [14].
A =7 BA T2 2 pET W B A| 28 o A -3-3 A (inclusion
body) FE| & Aol A e WA = ¢lar, S A TS
L R e B e e i = [ o L e 2
8M ureac] o] sl T A o] 33} L7} E2l= 2104 C-E
choll =% 67]9] s]AEde] o3 Ni-NTA 13} S =n}
B o] os AAA pFolA 95% ol e = HEHT
oF 30 mg®] A H A S A4S 4 AU F =2olA=

WARZ 551, o] 5 97§ Hfol
end 24 FfEo] Z-8-5t7] 913k oA, C-ETY 6
Mol | 2B AS A ASHAL A7) o FEAE ol =e=
= 7 8= €719 R)-2 4] (G)-oF211E4H (D) FEfol =
A EES =Ystlrh. B3 SAA FEf = i dtol A
¥ Az BA Tfd S oo w211 golstA A A5t
Yoto], o]Hof RiH CaClL®l ethylenediaminetetraacetic
acid (EDTA)E ©]-§-sto] thh=t o Aadho] Zoi3l+= lipo-
polysaccharide (LPS)E #| AL, Hlo] 2/ AHEAAIE &
&3 A AA & Fote] A TS YA o=

[¢) = ==
W2 [15.16], A2 BA T2 Ao 4 g3kt

==

ox
N
w
2>
H8)
1=
X
o
ko
i)
L
T
o

2. MATERIALS AND METHOD

21. #F L 489y 15

)&+ DH5a (Life technologies, Carlsbad, CA, USA)7| A =
3 E] A Zho]| o] 5|91, tj & BL21 (DE3)(Merck KGaA,
Darmstadt, Germany)7} 2} 23 BA-RGD Tt 2l vk of) &8
=t -2 50 pg/mL 9] A7 o] 2+ Luria-Bertani
(LB) uj &] ol A 1 oF =] $Act. pBA-RGD ¥ B & #2517 9] 5}
o}, pET-23b W E] 0] Ndel¥} Xhol Alo]of] GRP_BA 2 &

AA7} =¥ pBA HE| S FH o7 51a, T7 TR HE T
2ho|m| et RGD A A7} STOP 31| Z=¢) 8 setolm el 5-
GTG GTG GIG CTC GAG TCA CGG TGA ATC ACC ACG
ACC GAC CAC GCT GAC-3 ©0]--3}o] BA-RGD S A=
PCRE F3l| TH5taL, 0|5 Ndel} Xhol AHO|EE 0] --3}o]
ChA] pET-23b ¥ €] o]l &= 13 pBA-RGD €] & 2H4J 319t
%% BA-RGD & WEl= A A4S Ff e A2l A
2] =Y H A=A As otk

2.2. BA-RGD ¥ A 343 9 FA
pBA-RGD HE| & tj#+ BL21 (DE3)o| =%3}%ict. BA-
RGD @i 2 o] ti gty 2712 o] 42 BA oz g
A& &5k [14]. 50 pg/mLe] ujddo] 2ok LB
ol A7) HE 7 e it A2 E 3 E ko], 37°C
A Aspokahgict. 41 23 BA-RGD B wel & 41 5}
7] 915t 533 (ODgoo) 8kl 0.8-1.00] = 1S wf, a2 b
& &= &2 2l Isopropyl-B-D-thiogalactopyranoside (IPTG)E
A3 %5702 mM HES A7k, 3TC A 4417 5
QF F=7t= v oFalich. vieFE Al ZE 8,000 RCF= 102 &
Q141 Hele thg A5 E AT AEE ssiar.
A o Al Eute] LPSE 2] A7) 915ko] CaClyEDTA
A sk S48 A ZE W AE g T 15 mLe) A
Z]-g-o8 1 (100 mM Tris-HCI, pH 8.0)°]] HAFs}az, 5,000 RCF
2 102 SO A4 e sko] A5 olS n2 F A H 89 2 (5
mM CaCl,, 100 mM Tris-HCI, pH 8.0)0]] ThA] B4k} at, vzt
7FA| 2 5,000 RCF2 104 F¢F Y& 2]8to] 45 v
T AALN 3 (10 mM EDTA, 100 mM Tris-HCI, pH 8.0)%]]
APk WAl 0 8 sho] A7) AlAEH 139 S F
g HHESIQI T npx]et o 2 thA] 5,000 RCFZ 108 =9 ¢
Sho] A5 e Wi Al Zakal 5 9l5to] Al &89 1
off AT T3 0. &, LPS7F Al A A| 325 A 214y 7]
(PandaPLUS, GEA Group, Germany)E ©|-835}¢] 900 barz
+ ¥ 45k, 8,000 RCF= 107 F¢F Yl &2 & sto &
AAE 3453t 344 -3 A= thFgt Triton X-100<
X551l Q)= TTE 1 &9 (ThoFst %= 9] Triton X-100, 1
mM EDTA, 50 mM Tris-HCI, pH 8.0)& o] &3}o] A %3} 1,
202 TTE I €9 (t}oF3t 5= 9] Triton X-100, 50 mM
Tris-HCL, pH 8.0)0.2 4|23 3, B} A5} 0.2 $5348 o &
aho] SUAS A st 2] 1 M AE SAE 8 Murea
GHO T ZAIA S T 5, 12-14 kDa MWCO
o] A8 uf (Spectra/Por®;Spectrum Lab. Inc., USA)of| A A
97 (100mL)2 1,3 L3545 043 £4S 43
o] B T ol Thwaholc. £48 Aolel
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BSA ol o] AekA-& 131 $ Al (Sigma-Aldrich), o] &
oﬁﬂwﬂBARGDLﬁé4°H>ﬁﬂ&dqzmﬂﬂm
H kel o] S = SDS-PAGEE 5310 BA-RGD thuf 2l
HEES A1, oju|x] A4 2 73 (CLIQS; TotalLab Ltd.,
Newcastle upon Tyne, UK)E o]-&5}o] g2 LS & B 3}
Stk 22, 8 BARGD S vl lol 13} o

(endotoxin) H& =52 LAL A (Pierce LAL Chromoge-

nic Endotoxin Quantitation Kit; Thermo Scientific, Waltham,
MA, USA)E A-85t0] 2431 e Kito] Z3HE o] 9l LAL
&N 2] pro-enzyme> BHH| 2o} Ymao] &gl LA 3tE o
T oS AHEFst 4= QI E FHo] Qlo], AA = thuld Mz

LAL £913} £4510] W8 % 410 nmol 4 G52 23]

o HaFe 4 9

3. RESULTS AND DISCUSSION

2 Aol A #Edk= GRP_BA Tl 2> 12271 74
9ol & 0?"%%37]%%@}0“ ol A=/ A 5“401]
ol Zl o 2 hetE o], A = 7S 913k Ho] 21|y
3o &-8d A2 7|t Eh o] H 3k Wb A 2 ¢t
Ae & AgtEol 7] A4kt A =3 BA Thaf i of
C-Ztol FAIE 913 6709 3] 2|2 A A BFAL, Al L Q] 7]
2 (extracellular matrix)S AJ 5} o & Tl o] X EA S
2 EZ3IE o] Q13 Qe 1# (integrin) 7| WES] Al S A o] &
LA o= Folsto] 5 %/\ﬂi«l Fzh g Ao Fagh 9
£ 3= RGD HElol = A EE =93819], 2123 BA-RGD
WAE 8T [17,18]. XH T BA ol g o] -2 24|
-Atol], /44 02 7155/ RGD FEre| = k) of gol
&= GRGDSP Heto| & M E& Aok tfA+tol| 2
% FRAAA DS Adste], 7 TT T2 E o o)
o] A E = pET WHE A AH o EO]O]'OZIE]'(FIg la).
BA-RGD whi o] cfapural & o] o] 1 iLEl 42 BA
gt g 24 (0.2 mM IPTG Hd = %, 37°C
oA 4 h 7t 71 v F)at F LAl skl [14]. 1] aL
BA-RGD w2 S A& 33 AF AA| Zoj| A BA-
RGD ©Hl A& A A5k B2 2A 7 A= ko] X
Ysioich. A HA =, gt NZE Tafst7] dell, FAA
B2 38d 4 sar 48T 7Hsdo] & Alxdte] &
o191 LPSE A AsH= A< 34 53ieh LPS= i+t
I 22 IS4t (gram-negative bacteria)2] Aol &
Aok 4] EwEE LPSY a2 AlA= AAA
B2 BEME S SRS d wf$- Faskt[19,20].
Azt 44 e aed o2 A|A S 3R S & CaCl
o 22t} o] 23 EDTAS} 22 A o] EAE A 2|5t
o] AlobEof frek [15,21-22]. o] R Wi Tkl
w27 Al Eue] TAA RS BRHOR AT 4 glof &
Aol 288+ 3L, CaCL/EDTA A 2] & &3l -4l A| 321t
LPSE FHOR o BB AASL AT ¥ ANES
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Fig. 1. Schematic diagram of the vector system to overexpress BA-
RGD protein (a) and simple purification process for obtaining puri-
fied BA-RGD by CaCl,/EDTA treatment and inclusion body wash-

ing (b).
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Table 1. Purification yield and endotoxin level of purified BA-RGD obtained by CaCl,/EDTA treatment and inclusion body washing

Triton X-100 concentration (%) in the inclusion body washing buffers

0 0.25 5 0.75 1
Relative purification yield (%) 0.1044 0.1953 0.1932 0.1823 0.1822
Endotoxin level (EU/mg-total protein) 39,218 10,015 2,914 11,262 67,374

TAH| A &= BA-RGD T4 9] 4252 Triton X-1000] ZA]
3o, oAt A OF oiv] 0.18-0.2%2] A& TS
ELEEL 229191, o]% iptn ;\1]__\7; ujj oF _1?_1—4 71%2& 3
AFSHE oF 60 mg/Le] AA) 4=&olc}. el AAE e
9] AFshe Wsd oFS 2452 o, Triton X-100 # 2]

o=

o o8 W& £F0] Axp 7Aadhe] 0.5%2] Triton X-100
2NN 7P B2 =329 Ysart HEE AT o] of
549 AA £ FAAANA A AEY YEL FF0|

100,000 Eu/mg-total protein o] A4} -2 7+oFsk W [15] 97% ©]
40| Y527} A718 202 FEsislet SRk o4
E.J Triton X-1000] 23}% M0 2 HA|E 4305} o,

o 8]e] W54 o] B2 Gl AS HsleL o, o
+ Triton X-100 -84 2 2] o] %o A& ©hAof| A Triton X-
1000] Z23] Al A= 2] oFof A H Ao =AU F
F702 3huel Bl S SDS-PAGES Eo}o] H4131902
o, Fig. 2a0f| A 2} o] oF 37 kDa F-Fof| A T of T2l ol
S8 ST 4 131 SR A 9 A Ghol 334KDn e

=2 91X oAl BA-RGD WHE7}F L@ = A2 o] A o] A =
3 BA T4 9] 739-of A9} 5} 2712 2 5251910} [14]. BA-
RGD whul 1] A|ko] ofgk pl k& A% BA T} up
7R 2 3.852 A o] a1, AHA] o] 733t thal Al o] SDS-PAGE
oAl T2 Ueth= dA4olH [4,24,25], o] ol
A obvl At 57] 53} SDS Apo] o] whirelo] oJs], ghuld
A2 Be sS40 5o wAlere] Tyt u]welo] of

(@)

M BA_RGD
kDa

150

> .- (b)

5.

Fig. 2. (a) SDS-PAGE analysis of purified BA-RGD. Lanes: M,
protein marker; BA RGD, purified BA-RGD. (b) Lyophilized pow-
der of the purified BA-RGD.

$40] wrobx = Alef 7] Qg [25]. el w HF A 02 4
AE GEe SA7R5 ] H%H 02 BARGD hij2
7}9- 6 & 51 5tk (Fig 2b).

4. CONCLUSION

3 Aol A ol 4§74 2 T A E) - BARGD
SRS WEe] 3 2ok s 3 glo] A el A
g 53 43 W= Shstich AL, ohak A et
o Bl 9ol a2 35 LISE AT Sisto

Eo]—‘ﬂ_‘l‘:ﬂ E} 0 =& Triton X-1000]
3 %O—‘iﬁi %@ A& AlAstaL, 8M urea= &3t
? T2 FAA st HF4 o2 G ¥ BA-RGD wHaf

= gl w=A SRkl 2F G557 5TA FE Y Btel
enyES YR 22 FEstaa B k¥50]
o|Fo]x|aL 9laL, £35] 7 x4 of &-&-5t7] 91k 7714 7|%k
o A= A7 58 D A A= ‘”3}71 ki

G571 858} <77k Bas] A E 3 Sl Aol A, 2
S ok e ot ettt 24 AL e
S djernsiel, g5 L] $57] 55t vo] 2oy
ersh o152} wfo] e ujujet 7]uhe] YA AR Aol g 7]
o2 ¥ o ArHr,
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