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Abstract: Antifreeze proteins (AFP) inhibit ice growth to per-
mit the survival of polar organisms in the cold environments.
The recombinant AFP from an Antarctic bacterium, Flavo-
bacterium frigoris PS1, FIBP (Flavobacterium frigoris ice-
binding protein), was produced using Pichia pastoris expres-
sion system. The optimum fermentation temperature (30°C)
and pH (5) for FfIBP production were determined using a fed-
batch culture system. The maximal cell density and purified
FfIBP were 112 g/LL and 70 mg/L, respectively. The thermal
hysteresis (TH) activity (0.85) of F{IBP obtained using a gly-
cerol-methanol fed-batch culture system was 2-fold higher
than that of the LeIBP (Leucosporidium ice-binding protein).
This work allows for large-scale production of FfIBP, which
could be extended to further application studies using recom-
binant AFPs.
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1. INTRODUCTION

2 AEL Adux el A (AFP; Antifreeze protein) =
2 Agu A (IBP; Ice-binding protein)2 AJAFsto] A2
o] e dAIT e =M F3He] 7ol 4-5-5ho] A4

Ha Qi B A2 B2 &1 Glaciozyma sp. AY30 (0] A
Leucosporidium®. = )0 2 2 g oF 25 kDa2] A2tk
2 1 eIBP (Leucosporidium ice-binding protein)< 2]}
EAAFE Fas 2 ok [7-9]. LelBPO| thFAAHS §
3f) A 23} Pichia pastoris®l T A 3+E FAXE 445t
of ABA T (TL)0] §714] vjoke ol AR 2L
ZFOk1 (25°C, pH 6), TFUF & (700 L) A rLelBP (re-
combinant LeIBP)E 300 mg/L Y AFs}F t} [10]. 3HH, rLelBP
9] 2 0] (Thermal hysteresis, TH) 42 0.42% 21 0]
© P % LelBPoL fFARRE ghol et & ol & A" ellA
= 9= SYA Mt Flavobacterium frigoris PS10. 2 2 g 2
WA (FABP)S $2]310] LelBPo} &8 2458 &
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Ap F2A Q1 ¥ of A vl sl [11]. FAIBP= LelBP¥}
AFe 32bY 22 7ol = B LelBPRETH 104 o] AF
=& TH S 7FA AL et

2 AFNNE 2 24 4
pastoris®] -7} v &
A& 2 seit. o
FAIBP AYAks}11 Hou] ¥

sholtt.

Azt FIIBPES Pichia
5 Shofl Qlol 24 i =
et 2 U pH 27150l A A2
£hl S okl TH 9H4S W)L

2. MATERIALS AND METHOD

2.1.FF 9 v)x

FfIBPQ] o|FHrd & Zgt=u| = "lE pPICZaA (Invitrogen,
Carlsbad, CA, USA)Q} &2 E 3 Pichia pastoris X-33 (In-
vitrogen, Carlsbad, CA, USA)o| A 43§35} it} [12]. A =8
P, pastoris®| Z1]%F-2 YPD H|| X] (yeast extract, 10 g/L; pep-
tone, 20 g/L; dextrose, 20 g/L)E 0]-83}5 o Hrg 7| & A&
3 H oufjoFe nEFF& Y4 (CuSO,5H,0, 6.0 g/L; Nal, 0.08
g/L; MnSO,H,0, 3.0 g/L; NaMo,-H,0, 0.2 g/L; H;BO,, 0.02
g/L; CoCly, 0.5 g/L; ZnCl,, 20.0 g/L; FeSO,-7H,0, 65.0 g/L;
biotin, 0.2 g/L; H,SO,, 5.0 ml/L)7} 335 FBS (Fermentation
basal salts)H]] ] (glycerol, 40 g/L; CaSO,, 0.93 g/L; K,SO,, 18.2
g/L; MgS0,7H,0, 14.9 g/L; KOH, 4.13 g/L; H;PO, [85%],
26.7 mL/L) ol 4] <=3 =] 91T} [10].

229U gE =7

FABPS] AL 918 714] vjoke veheg ehagl 9 vt
&S = A 2 ANES5Eo] 7-L 2hE % (Kobiotech, Incheon, Korea)
of| A TheFek 2=} pH Shof| A =33 =] itk YPD Bj 2] o] A]
30°C, 200 rpm, 20A] 7} -5 <t i QF gt Ful FH2 v 44
Z7F13.1 mL 339 3 L] FBS HjA| 7} S0] gl Wi x|
AEH T ol o) pHE 5002 §A5huA wFLE
25°C = 30°Coj| A] FAIBPS AJAFS}9 11, v =5 30°CE
§73h8A ool o] pHE 6002 WA sel $RE a5
et Bjopele] pHE ghm o8 5 0 2 Zelsto] £
AT A B B WA $Istel REATL 2G5
Stk 1% 3 oF 162447 Fatol i B4 02 wloke A
Wehel L o] 3 FelA el BE AmHWAN §EALT 5
E7hS7khs AR OIA 13 §7H4) ok A2kt ede 13}
$714] B oFE OF 9-12417F 59 DO-stat WH4) .2 ] 4
2 3 mL7} Z3H8 250 mLe] 50% Fe)A 2l 480l 7]
stk o] F 2ol AlRlo] 2R E s AMelAl 24§74 o)
oF% AAstach 22 714 WAL oF 120413 5F DO-
stat MH41 0 2 W] 4 8k 24 mL7k ERHE 2L ek &
HL&36ml/hLe 7] £E2 F9 35}t DO-stat -3-714]
HoRE 1H TR SR SRS 2As] 45 R T
7| Eoks o] 20% ol5t el 7he vghe gole] £
H39lThl oA B E 298 sk Alom Susir,

23. 824 2

M 29 5= 425 (Dry cell weight, DCW)E =73}
xABH o 7H Ao 2 Btz A (Ultrospec 3300 pro,
Amersham Biosciences, USA)Z 600 nmo| 4] SF =& =4
sto] AAtstAt. F8 = OD=12 DCW=0.23 g/Lof sfds}
= gho|th. FAIBPS] W&l 2 SDS-PAGER &+¢15}% a1, ZHH)
2] &AL &1 0]d (Thermal hysteresis, TH)S =74 5}o] 3}
Q15191 c}. TH 8H4J-2 v oFol & 21 1 5}7)] 51418k o] Nanoliter
Osmometer (Otago Osmometers, Dunedin, New Zealand)E- ©]
gabol 25kt (7]

24. 294 A S A FA

FENZ 10:21F 8,000xgof| Al @Al Zeste] g = ek
% 3.0-um Whatman ZE 2 E&H5S A A5 Protino
Ni-NTA agaroseZ 574 ¥ A H-& NPI-5 (5 mM imidazole) £
olom Fyshe 5, Bagol A H 5N BFele F
¢ith. 108 F1] 2] NPI-15 (15 mM imidazole)E 2 3 of 23]
2olsto] Ago] AeA) oS TS AT B, NPL
300 (300 mM imidazole) &4 © 2 FfIBP thil A& 8-%35}1%
t}. AAE FABP Tzl &S 10-K cut-off Amicon
Ultra-15 ¥ (Merck Millipore, Germany) ¥4£8] 53t
% 20 mM Tris-HCI (pH 8) 89 0 & 9304 A& A| 7t}

3. RESULTS AND DISCUSSION

3.1 F7H4] v ol 9% 29 A G d o] 4t

AT A SR A HH O] 2% o pH %
718 BHAIS7] $13ko] pH S = 60 4| ZH2H 30°C W 25°Ce]
A P, pastorisS v ¥} A FAIBPE A A5}l ).

3.1.1. pH 5, 30°C o] A] B} QF

QA pH 5, 30°Cof| A P. pastorisE ¥ %F5HH A FIIBPE AJAF
S 7, AT T oF 2647t Fofl YA {7 ool T2
= QlaL, o] & wehES FYsto] FAIBPY Ud-& 25190
ok 2t A5 %= FIBPY W F= 97417 S oF 112 ¢/
Loj =3t gith o] & Wdl f = 121A17F o A| 25 e
ok7} 7HA3e] 110 g/Ll T} (Fig. 1A, O). v k& 2| 2|5} of
SDS-PAGEZ 233t A}, vt 91 7.54]7F T2 FfIBP
7F A4S = Zo] Sl E QUL (Fig. 2A). v o] = H 2%
35 He AAste] FAIBPE 853t Axt v 1 LY 75 mg
(75 mg/L)y& & 81tk (Fig. 1B).

3.1.2. pH 5, 25°C ol A] Hj S

FABPL: WA 5219 2y e do|ng 2Eg v
1 Flo] g AAte] §ele 4 9O B HjoFol o] pHiE
52 RANY T LES ISCR Wio] S A,
Aol sl 2 G 9547 F 84 g/ 9L, 1204120
Sofl= 81 g/LE 45ttt (Fig. 1A, o). SDS-PAGE A1}
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Fig. 1. Optimization of the FfIBP production condition in P. pastoris during fed-batch fermentation. Cells were grown in a 7-L jar fermenter
in combination of two different culture temperatures (25°C and 30°C) and pHs (5 and 6). (A) Time course of dry cell weight (B) Concentra-

tion of FfIBP produced from different culture conditions.

W f = 12470 S5 FIBP7E A4 9101 (Fig. 2B),
A€ FIBP= 73 mg/LS @Atk (Fig. 1B). w4 9] pHE
52 928k AE] o A £ E 2 5°C Y30] = FAIBP] YA &
Aol 7} glE-& o mlgiet.
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A pH 6] A A 4Hd o] pH 5ol A o] ARG Ko} 4=k
olg|gt A& RtFsto] i H o] pHE 6= 2435
30°Col| Al P, pastorisS vl ¥ A Hjeb-&-& E9]519] FﬂBP
O W Frshqith o] A9 A AEses Td
T2AI7F 3 86 g/LF AL, 120X] 7F 3-0f| 84 g/L2 2F7F 7HA81 %
t} (Fig. 1A, @). SDS-PAGE Z 1} pH 50]| 4] vjoF3t A 1}e} &
2] WA= 27]9 FABP7} & = 2] ¢t o (Fig. 20), &
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Fig. 2. The amount of expressed FfIBP at different culture conditions. Expression of FfIBP was visualized using 12% SDS-PAGE by
running the supernatants obtained from the 7-L fermenter. (A) pH 5, 30°C; lane M, size marker; lane 1, before induction; lane 2, 0 h of
induction; lane 3, 7.5 h of induction; lane 4, 25 h of induction; lane 5, 49 h of induction; lane 6, 73 h of induction; lane 7, 97 h of induction;
lane 8, 121 h of induction. (B) pH 5, 25°C; lane M, size marker; lane 1, before induction; lane 2, 0 h of induction; lane 3, 12 h of induction;
lane 4, 24 h of induction; lane 5, 45 h of induction; lane 6, 72 h of induction; lane 7, 95 h of induction. (C) pH 6, 30°C; lane M, size marker;
lane 1, before induction; lane 2, 0 h of induction; lane 3, 12 h of induction; lane 4, 24 h of induction; lane 5, 48 h of induction; lane 6, 72 h
of induction; lane 7, 96 h of induction; lane 8, 120 h of induction. (D) pH 6, 25°C; lane M, size marker; lane 1, 0 h of induction; lane 2,
20.5 h of induction; lane 3, 46 h of induction; lane 4, 69.5 h of induction; lane 5, 92.5 h of induction; lane 6, 116 h of induction.



306 Korean Society for Biotechnology and Bioengineering Journal 29(4): 303-306 (2014)

Thermal hysteresis (°C)

0.0 T T T T T
-30 0 30 60 90 120

Time after induction (h)

Fig. 3. Thermal hysteresis activity of FfIBP. Samples were taken
from the culture broth of P. pastoris grown at 30°C, pH 5.

g e 274 wol YA H FIBP= 23 mg/LE & ot (Fig.
IB).

3.1.4. pH 6, 25°C o] A] B9

HjF o] pHE 6202 FAA7]AL X5 25°CE W50
FIBPE A4S 4% o] Al2ses Td = 024 &
87 gL, 116X 7F Z7hA] {2 = glTh (Fig. 1A, m). SDS-
PAGE 23} pH 5of| 4] v ¥t Ao} frASHA Y e 2
7ol FBP7} e = it (Fig. 2D). & T F2 30°Ce| 7
S wr} ofF 2uf) AFsdto] AAE FAIBPE 45 mgLE At
(Fig. 1B). A& o= pH 5°ﬂ A HC*FP 3771 pH 6°] /ﬂ Bl

32.THEA4 &3

HiFe e} pH 5, 30°Co Al 714 vl F -5 ARkl

F{IBP<] TH%}*é = H]Lo}@u} THZ 4% 9 G2 S0
o

=

AR A AY ‘?j_‘zé?}ﬂl A =] O*E} (Fig. 3). =3 P

pastoris©l| A AJAFE FAIBPS] o] THEA 2 LelBP2] X[t

4k 0428} 28] o] A} w2 WHA, E. colio A A AHE FIBPE]
TH 84 2t} 2,58 oh= wrokek [10-11].

4. CONCLUSION

G= Al Flavobacterium frigoris PS1 -g-2f] AW]HFA] ol 2]

FAIBPE Pichia pastoris 9] 5714 vk E3 AYALsH 2 x}
30°C, pH 59| 2710l A 2|t A& H ol A Al E FAIBP
O] THEA L 0.852 T2 5o A9 LelBP Kt} oF 2u)] =

gfch ¥ A7 A2 FIBP 5 chopeh 2ba cha g o)

HFALS 97| 2R 2 AHGE Floltt.
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