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Abstract: Eggshell-based biocomposites have become attrac-
tive due to their exquisite nanostructure and biological prop-
erties, which are mainly composed of highly organized cal-
cium carbonate crystals controlled by organic macromolecules
such as proteins and polysaccharides. Here, we designed the
recombinant fusion protein of a putative eggshell matrix pro-
tein named as GG1234 and a fluorescent reporter protein of
DsRed. The protein was successfully over-expressed in E.
coli and purified by Ni-NTA affinity chromatography. In vitro
calcium carbonate crystallization was conducted in the pres-
ence of the fusion protein, and morphological change was in-
vestigated. The protein inhibited the calcite growth in vitro,
and spherical calcium carbonate micro-particles with the dia-
meter of about 20-30 um were obtained. We expect that this
study would be helpful for better understanding of eggshell-
based biomineralization.
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1. INTRODUCTION

9] ¢F (avian egg) L 3% X F2] 72 (Molluskan shell)
A5 (CaCOy) & AR S 2 dh= T4 Q vlo] &
g AEA Y 24 AAA 9 R =EE YA =
H35k= A3 gt T1ejal A7) vhol eujd|dg
= Aoz 4zl 5% u|nte] A wEgA Tl
(shell matrix protein), OFA] 71| H|A U Zo] thgt o] a7}
F20] o|FA A A= EUAT, 7 ELSE S Biol
onlue YAS 9T Bz A0 A W el 24
stz o 2439 dE sh= A o= I A Sl [1,2]. A
550l 2 v =R Tl dof e 14 7
= 9 2HEE 7)so] SHA L B AH BAL 54 A
v 351, 015 Bl AL SYHo 2 14 P2
3 20].84 obul =ikl o
Zebito] At a0 2 o] Brate] A4S o
L AS B, oA 233 FEE FAF] ol of
0] = At (intrinsically disordered proteins) @ o] = Ak HEE
A edo] WIwis] Lrehdeh [6,7). T3 Ghl A 0] 3% T2}
oA FEEH Hd i w13 A4 AP U A%
o] zo] Toleli A0 A, Aol Al o] W
33 7271 guAe] 78 Gehls o 2440l gk
Aoz FAE AL Qltk [8-10]. spA Rt Theed] 4F7] dhafd S
FAote ofulAbo 2 AAEHE TS v, A B
chal o] E a7 bbb ohe A0 Hof, Tl 37
zafollAle] QA BaHAQ) B4 QP ElE AoR Tk
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A= GG1234-DsRed 85t CHHEI0| MA L In vitro EHAMZHE Z 30l 0| %|= Fatoll Ch$t A7 297
1 9t} [6,11]. 2.2. GG1234-DsRed §-3 Gl A o] & 9 A
HE 274 (eggshel)ZHE FEgt vlo] @ B 7 = pGG-DsRed W] & o<t BL21(DE3)o] =¢]8}31ct GG1234-

S5T URFRE PO Hold /AN - BT 24
o F olg WAlo] 2O E I Yt} [12-14]. REALL 22
- gejol )4 (calcite) 0.2 TAE o] 911,
5007}4] o] Aol eha Ho] 227 AT AytE o] gl AR
FAE I STt [4]. sHATE 27 A Tl o] o)t Y&
5} (biomineralization) 7= A 2 &9 3 4& 4= 3l
= ovalbumin, lysozyme, osteopontin, ovovleidin 2] T+H8 2]
of thato] ATEH 0.2 Sy = of ek [2,15-17). ol el E
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of| A AF=3} Aol Tholst= A o) AYs}ehA &
719kt AU S-S TS A&H 07 o|5fst7] 95t 4
=3t FA o wofsts T =
ul$ Rl

2 Qo Az Ax T T AL WS 5
2ol |3} Fu5}] of
o8 dF Ao 7|5 sih E3
Q3 g S Gl o] 2 o walelo] S
2 v o) AEebd EAS Ug BRA0R BAS A
shich ol gt ZHoA & Ao A, o] AL Aol A
stEgt 2744 FAo] BT Ao R AdEE GG1234
ohal 2] (NCBI reference sequence, XP_001234449)} [18], ¢t
Gt A=A Aol A Y] AR E = T A Q] A4 F
3ol DsRed &3 bl 28§31+ o] GG1234-DsRed 83+
el d e WE S 551, o F ARt (E. coli)o) A Y
F skt B3 7] G AS C-gehof] =9 E =

.
o EgH O Bugl
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2. MATERIALS AND METHOD

21.4F L L@y 75

A+ DH5a (Life technologies, Carlsbad, CA, USA)7} A &
o HE A Zbof| o]-8-5] 9 a1, th A+ BL21(DE3) (Merck KGaA,
Darmstadt, Germany)7} A 23 GG1234-DsRed T 2] 3
of 285 At} ot 50 pg/mL i u] A g o] =3HE Luria-
Bertani (LB) ¥} o] 4] ¥} %= 9{th. GG1234-DsRed §-3
W1 9w 5}7] 13 pGG-DsRed WIE| 2 A|ZH517] $jtol,
PET-23b ¥/ €} ©| Neelt} Hindll AFo] o] o] &1 70} 4] i gt
GG1234 S-ARE =519 11 [18], Hindll12} Xhol Alo]of AF
A2 o2 Huf 5] 17 §)+= pDsRed-Monomer N1 #l €] (Clontech
Laboratories, Inc., Mountain View, CA, USA)2] DsRed mono-
mer AAE EU5HATH 55 pGG-DsRed & HE =
AAAE Ba) mE Ado] Heks] 2 E 9l AFEH

o}

DsRed -2 T A o) W al-& 91510, 94 50 pg/mLo] ¢l 3]
Ao 29k LB =0l 47] WE 7t 23 g+t Al
£ G slel, 37Co|A Agvlersh e el chul
FrEsk7] $15ke] E8 & (ODgw)7ko] 0.8-1.00] ¥ 3lS o,
ul 2] vk 5 &= 52 Q] Isopropyl-p-D-thiogalactopyranoside
(IPTG)E &% =7} 0.1 mM T =& H7}she L, 25°Cof A
20/ 7t 59F 7= u et 3, ui FE A 25 LAl 5o
& He AASHL A 2E 2453t I8 25 Al
T E 915 & (50 mM QI EF 259 (sodium phos-
phate buffer), pH 8, 10 mM o] u|t}Z (imidazole))ol] F-5-A] 71
th 28} £417]2 o] g3fo] shstelct. shaH A 52
S84 Bl B84 Bl Lol 2248 EAO] SDS-
PAGES ol §5}0] H-4151ich. Eah, 4] Tral Qo] 584
2018 7 @ 7l0] 08 Ao] 180l gl dal A
o] Agste s skl Al W (50 mM A HEF &5,
20 mM o|u|thE, pH 8.0)2 A o] AgebA] ob Tuld o
Ao R Aol Wi, mpx|ufo 2 Ag ¢He g7l o] Z}A| st
= FoukE o] il 855 913k B (S0 mM QA EE
454, 300 mM o|n|thE, pH 8.0)F ©]-8-3Fo] A A8kt
a9al HEFAor o & W E o] 835to] GG1234-
DsRed $3F thil 21 S 5)4=5}9ic}. o] 12-14 kDa MWCO
9] B8 uf (Spectra/Por®;Spectrum Lab. Inc., USA)of| A A
H A (100 mLys L, 3 L S/H5E o83 42 43
Aaystol, thal Sgoto] dof Qi B3 Thild 4R of
Qo] JE= A A FAS sk 1A AP
‘go] A9 o] Roj x| x| gFo} HFA & Fof i HAE
chel g0l S Akst gl

i o

2.3. GG1234-DsRed €& AW A-& o] L3 In vitro &AL
Za 243}

GG1234-DsRed THl 21-8- 0]-8-3} In vitro Aol A 9] EHAbzE 4=
Ao 2awell Zelo]=9] %A Slo]4, CaClo}
Na,CO, 891 BRaHE o) 8o MaLE WS chew 2ol
F7gsto] ZgYshict [19]. thget 5= (0-600 pg/mL)2] GG
1234-DsRed gr Al o] 3£3}+= 20 mM CaCl, §H 3}, ZHe =
7] 9] 20 mM Na,CO; &85 1|50 W= A 239ts}aL, 4°C
o A 20A17F 5 ot Folh A3kl o) f-2] o
A B E AAS FRSR AHSIL o)A Az
sholct. ol sk 240l Wehol B vhlae] @
2 WEst7] ¢J5ke] CCD 79| 2t (Coolsnap; Photometrics,
Tucson, AZ, USA)7} B2tE]o] Q)= &3 & u|7 (TE 2000;
Nikon Co., Tokyo, Japan)S 0|23} 1, FHE g2 53]
sforals] $iako] Qlojdl MBS FOm T she] AL
3 u|7 (scanning electron microscope (SEM) SNE-4500M;
SEC Co., Suwon, Kora)© & 25} th E5F Hoj 2] A A 9
X-A A9 E-S X-A 3 A-A (X-ray diffractometer (XRD)
D/MAX-2200; Rigaku Co., Tokyo, Japan)= &4} 5} t}.
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Fig. 1. (a) Schematic diagram of the vector system to over-express GG1234-DsRed fusion protein. (b) SDS-PAGE analysis of the GG1234-
DsRed purification on Ni-NTA affinity chromatography. Lanes: M, protein marker; S, soluble lysate; FT, flow through ; W1, wash fraction

1; W2, wash fraction 2; W3, wash fraction 3; E, eluate.

3. RESULTS AND DISCUSSION

-4, GG1234-DsRed 53 Tl &2 A| 2517 9fs}o], o] A
Aol A Aozl GG1234 T of C-ek -2 AbA] Ao, =
xZE il s F/gA o s Wol A5 = DsRed®] 47
A EE AAste], 43 T7T R EE o] o]3) o] XA 5]
L pET #E] A|AHo]| =93} t} (Fig. 1a). GG1234-DsRed
S S o] fFE -2 37°C v & thekgt = 9 IPTG
Lol IPTG 9 9% o] % thofst £ (37°C, 30°C, 25°C,
20°C)of| A ehd o] W H & eelate], ZapH o= 0.1
mM IPTG 48 §-% 0] 25°C, 20 hr ¥joFsl= 2402 24
A3ttt GG1234-DsRed §-3F Thif Ao 447] 270 A 4=
4 g AR o] Eo] A|29] AM7Zto] DsRed Tl A 9
A7ZQ FH2M 0 2 Wk i, e 3 g c-atd
of F7t2 =Yl A& 6719 3l 2EdS &3t Xgte
AzutE T 5] ol ofsto] JFA o2 A sto] (Fig. 1b),
HEH oz AAE thA.S DsRed thf Ao A UERL=
B 5E wR7HA = o2l sHA| Rt SDS-PAGE 4}
o Al ST TH AL FASH= GG12349F DsRed wHaf A o]
Ho g gote=iErF A5 SRIF 1A, o] = g3 T
o] WdoflA FF Uehvhs, 8 SE 9] 3 FelolA

thorat 529 GG1234-DsRed §3F A& B

Invitro Ao | AL 9] A 5HE CaClogk NaCO;
Egehe ) olsto] WBsHLt. 1 A2} gl

AR wopAT A4 W R4 A4 Al

S8 H70] 6F 2030 pm =] TAE 2
o} (Fig. 22). SHAEF 8 T o] F7hg el o

Fo] I FEo A= FF Y nfo] AR AL HY
A o & YA =t (Fig. 2b-f). SAM & 24 S &3 7
O 72 S o, M7t = S H 9] FETt Sk ot
2} 27 o] A DsRed T A of] oJ3t 39| HE H =7} oA
7k AL, 200 ug/mL o] FHolM= H7tE = s o
WA FEE U STkt e AR oA FFe Al7|= ¥
AstA F-A = o], GG1234-DsRed T & o] 13 o ghabzt
& 274 gdol 44 &R Hofste] 1P YA} FA
ol A o= = et o] g A P2 npo] AR YA}
+ lysozyme ¥ ovalbuming o]-§3F eilds 24 34 A
FATO A HarE vp gl ok 53 o] AA o] obd wetet
o|E (vaterite) 27 S FAJstaL HAT}o] Hofst= A=
g ATt [16,17]. HH sfoF G2 oy AE HEZHA &
W2 Sof tfste], A o] EAJof what of 2] P o] £ Y
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Fig. 2. Calcium carbonate precipitates from in vitro crystallization by rapid mixing of aqueous CaCl, and Na,CO; solutions with no
GG1234-DsRed (a), 10 pg/mL (b), 100 ug/mL (c), 200 pg/mL (d), 400 pg/mL (e) and 600 pg/mL GG1234-DsRed ().

o) k4245 QA B3 7] L} ob2hatLbo] £ (aragonite) 3 ¥
3|4 (calcite) A of] Hofdt= AFso] BRI EH I QI [19-
21]. Gl A3} 2ol o) LB W B A o)
Fo2-E-o] et o whet, A of FEj7F thefsiA A
Esgna B AT tg 2/bHel um 24 A7}
daspARE 2 el At EHARA ke
= 274 B4l Asf % Alofo] HAT Aoz 233
X-A 9 d e F8f Aol St 2w 24 dHE &
Fe W, 5 o] HIbEA] 2 vl 22
AR A (caleite) 2] X-A o] d& da 4 AN
ig. 3a), & Mo 7ol whet ik 44

o

11 (Fig.
X B2 H3} o 1L o 4 9lo], GG1234-DsRed 53
o] BN et w] e Asfehs 2oz AAR

t} (Fig. 3b-f). o] {3t Ao} P2 2o = S8H 4 Q)
EBSA HUIE 0|80 0% A5t Y ol LoHE k3

S HTboll A= TR A] kAL, Tl o] 7t
) gpore wlo] e 2ol GAH A wal ) 37
o] of7F REY A HstE = Jrvto] BEESG S
not shown), o] oA 9] &
[11,19].

™ (data
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4. CONCLUSION

2 Ao A= ol A 27
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Fig. 3. X-ray diffraction (XRD) of the calcium carbonate precipitates from in vitro crystallization by rapid mixing of aqueous CaCl, and
Na,CO; solutions with no GG1234-DsRed (a), 10 pg/mL (b), 100 pg/mL (c), 200 pg/mL (d), 400 pg/mL (e) and 600 pg/mL GG1234-

DsRed (f).

o] $HAE 92, GGI1234-DsRed §3F UL o) g3t
oAA dEH oz Tastal FA k. o e

& o|-g5t0] In virro Aol A B4 A< A E a8l
B7h 85 e B} 371 del ol B
2 0] AAFo] A 3= o] 200 ug/mL o]AFO] g5 Tl A =

o A= 8 9] mpo] iﬁﬂﬂﬁﬂgiﬂN&Mﬂow
$3 vl o] A} AL AL AHolA e
P o2 sheslgich. & A7 AT i do] o) 24
© AFast @Al Wi o3 S wole dl 7199 Aol
F5 T 7uke] §57] B tsto] gk upo] e ujd|g 4
A= o] 282 A= 7| g Er}.
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