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Abstract: Antifreeze proteins (AFP) inhibit growth and re-
crystallization of ice, and permit organisms to survive in cold
environments. The AFP from an Antarctic bacterium, Flavo-
bacterium frigoris PS1, FIBP (Flavobacterium frigoris ice-
binding protein), was produced in E. coli using a cold shock
induction system. The culture temperature was shifted from
37°C to 15°C and a 20 L culture scale was used. The final
weights of dried cell and FfIBP were estimated to be 126 g
and 8.4 g, respectively. The thermal hysteresis (TH) activity
(1.53°C) of the produced FfIBP was 3.6-fold higher than that
of the LeIBP (Leucosporidium ice-binding protein) produced
in Picha. The current study demonstrates that large-scale pro-
duction of FfIBP was successful and the result could be exten-
ded to further application studies using recombinant AFPs.
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1. INTRODUCTION

Q3] =3 3 of] A4l et= AE-2 A uA Tl A (AFP,
Antifreeze protein) = A Al A (IBP; Ice-binding
protein) S A AksFo] 23T} [1,2]. 42 A 9 A oA
Flo EAS WERT SAE HE SAXWY
& 2oF 5ol ol & & lo] AW A e H S B1A o Ak
A BAS 2 910t (37, A e A e
A Q—‘—:—‘O}% A& Aol AlghE] i ﬂoxﬂ*éi wol A& s}
o129 o] HE o] 45to] AAELE A7} AT
St B A3gL B2 g X Glaciozyma sp. AY302 2 FE
OF 25kDa%] ZAWWFR|chal 2l LelBP (Leucosporidium ice-
binding protein)Z =] 5to] 54 B th=FAAL A5 =345t
ATt [8-11]. T3 &2 AL A= H= YA At Flavo-
bacterium frigoris PSl O 2 HE AUzl A (FIBP)S &
2]5to] LelBPO} U5 Ao WA F+24 Q1 T o A H]
WSFE AL [12], A2} Pichia pastorisE ©]-8-316] §-714] Hj
oF S E 3| AALZ| 2512 42383t A1} FAIBPL= LelBPY} S-A}
3t 3z} ?—}_ 7HA o] = 518} a1 LelBP2] 0.42°C Ho} &+
A =0 0.85°Co] TH 842 R T [13].
2 Ao A= 23 FABPE A2 F& HE AAEHS
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ATGAAGATATTAAAAAGAATTCCGGTCTTAGCAGTGCTTTTGGTCGGCTTAATGAC
GAATTGTAGCAATGATTCGGATTCAAGCTCTCTATCAGTTGCAAATTCAACTTATGA
GACGACCGCCTTAAATTCACAAAAGTCTTCAACTGACCAACCCAATTCAGGCTCG
AAAAGCGGCCAAACCTTGGATCTAGTAAATCTTGGTGTTGCAGCTAACTTTGCTAT
ACTTTCAAAAACAGGAATAACCGATGTGTATAAATCGGCAATTACAGGTGATGTTG
GTGCAAGTCCAATTACAGGAGCCGCTATTCTTTTAAAATGTGATGAAGTAACTGGT
ACCATATTTTCAGTTGATGCTGCAGGACCTGCTTGCAAAATAACTGATGCTTCACG
TCTAACTACAGCTGTAGGTGACATGCAAATTGCTTATGATAATGCTGCAGGACGAC
TAAACCCAGACTTTTTAAATTTAGGGGCTGGAACTATCGGTGGAAAAACTCTTACA
CCAGGTTTATATAAATGGACAAGTACATTAAACATCCCTACAGATATCACCATTTCA
GGTAGCTCAACTGATGTTTGGATTTTCCAAGTTGCAGGAAACCTGAATATGAGTTC
TGCAGTTAGAATAACTTTAGCCGGAGGTGCACAAGCCAAAAATATTTTCTGGCAA
ACAGCTGGTGCAGTTACGCTAGGATCAACTAGCCATTTTGAAGGAAATATATTAAG
TCAAACTGGTATAAATATGAAAACAGCCGCTTCAATAAACGGAAGAATGATGGCA
CAAACAGCAGTTACACTACAAATGAATACCGTTACCATACCACAATAA

Fig. 1. DNA sequence of FfIBP.
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A20LFRoHaRs 3 =
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2. MATERIALS AND METHOD

2.1. 35 9 A0

FfIBPQ] o]Z£H¢ S ZetAn|= WE pCold 1 (Takara Bio
Inc., Japan)Q} S AE 415 E. coli BL21 (DE3) (Promega, USA)
2 o] g510] +- At} Zeosu] = WE pCold 15 A3
A NdelZ} Xho 12 ATkl Zof FAIBP 1A A} (Fig. 1)E 414
sto] Ud FetAu| =5 A2Fstal o] & oA+t BL21 (DE3)
of FAHgstTt[12].

22. 9 dly =7

A 23 A9 =l oF2- 1 LY Luria-Bertani (LB) B} %] (bac-
totryptone, 10 g/L; yeast extract, 5 g/L; Sodium chloride, 10 g/
D olgaheon] & jobe nlergdd (FesO, THO,
10.0 g/L; CaCl,-2H,0, 2.0 g/L; ZnSO,-7H,0, 2.25 g/L; MnSO,
-4-5H,0, 0.5 g/L; CuS0,-5H,0, 1.0 g/L; (NH,;)sMo0;0,4-7H,0,
0.1 g/L; Na,B,0,- 10H,0, 0.23 g/L; HCI (35%) 5.0mL/L)7} 1%
235 W3 ¥ RujA] (NH,),HPO,, 4.0 g/L; KH,PO,, 13.5 g/
L; citric acid, 1.7 g/L; bactotryptone, 10.0 g/L; yeast extract,
20.0 g/L; lactose, 20.0 g/L; glycerol, 50.0 g/L; MgSO,-7H,0,
1.2 gL)E o]-&s}o] =35t 3Tt [14].

20 Lo] HjAE 53t 30-L 2ra % (Kobiotech, Incheon,
Korea)ol 37°Coll A v = stttk A& 5 oF 9AI7E Fof] A
L7} oF2.0 gLy U 15°CE Y & IPTG (Isopropyl B-
D-1-thiogalactopyranoside)& ZZ£% = 0.5 mMZ Yo &
Wsto] FBPS @S FEskeleh. A9 WL WA5
7| $1ste] £ZA 7L ALGE T AT YL wLE Y3t

7] Slsto] ARAZ A0 E A RS Y Bfe] AT EES
Fow e oS 2otk W = oF SOATE F
[e)
=

MES] F = A 2E % (Dry cell weight, DCW)E =75}
FAISFATE Hl g 1 mLE 13,000 rpmof| A 4223
SR 23] Al AT A 2E 60°Cof| A 12047 &<t =35}
o] AZS ZA5FT) E3433 = A (Ultrospec 3300 pro, Amer-
sham Biosciences, USA)Z 0]-8-3}0] 600 nmoj| 4] vfjofol o] &
FEE &40t OD=12 2483 £ 1 mLE A4t
7]t & sonication buffer 50 pLE £ 3} 221} 345}
At B E A 25 o]-§-3to] FIBPS 'U3& SDS-PAGER
ol al, BSASE EFA|2F 0 2 Bradford WY& o]&35})
o] Tl o) 518 AXSHet. ko) U)o FIBPY] i
L SDS-PAGE U} Wl band7} 74451 082 248 F
% chulzle) e Foko] Akster,

24. 2 A G A o] ZA

SEE ODg=1002 & 2F wigd 10 mLE 10827F
8,000xgol| A YAl EE]5}o] HAE F 3t % sonication buffer
(50 mM Tris-HCI (pH 8.0), 150 mM NaCl) 20 mLE T3t
F 108 7k 285} Bajstolch Bays AR A48 stol
A= NS 23} & Protino Ni-NTA agarose®= 2 % 28-S
NPLSE BT  A51S FQeo] FABPE 2347
T}. NPI-30-2 agarose resini- 1] 2] 108} S A& of 23] ¢35}
o] agarose resin®| Z3e}A] oFS TS A AT 5, NPI
250 §-91.0 = FIBP o 42 §23H9ch 44 H FABP &
2l 228 10-K cut-off Amicon Ultra-15 L& (Merck
Millipore, Germany) ¥4 &2 5<% & 20 mM Tris-HCI
(pH 8.0) $940 2 930 HFAZT. 29A] FHE &
= 0] 9 (Thermal hysteresis, TH)-S 24 3}o] &-<2135}4ith. TH
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22 AAE 9= At 1,255, 10 M w0l A FM s == 6.3 gLl o|uf Al4HE FIBPO} 2 oF 0.42

Nanoliter Oscometer (Otago Osmometers, Dunedin, New Zea- g/, ¢Jt}. SDS-PAGE £-4] A3} 26 kDa 5o 4] B2 W=

land)Z o] &-5}¢] 234 3}1r} [8]. 7} B4 E L 89Ie 4 99T} (Fig. 2(B)).
32.THEAZ2HA

3. RESUTLS AND DISCUSSION AAE FBPY = ¥ THEAL =45ttt THEA LS
FfIBPY] skof wef S7tshe 43S HaL 10 uMoj A

3.1.20 L v o] o & &= o o] A4k 1.53°Clek (Fig. 3(A)). =T P pastorisol| 4| ALl FAIBP

Pilot 5o A 23 2] S A AABE7] skl o] v THEA o] 0.85 91 o] ]a) 188 -2 gro| o} [13].
30-L o] W E R 20 LE £este] 37°Co) A A A SHE FBPE o] §-3ko] 23 TH 24 9] Hrghel 2.5
25 g vFSrlT. o 0AITE F Al SRS} 225 ol 0)3] 7] kot ol b HAE A gL AR
gLe 1] ML ES IFCRE FEGT IPTGE AFHE 05 B A§dto] ARHOR e Sroll 239 Loz F
MM gho] Belsteich WA fE 5 5184 A0 olHt) [12]. R B ASAYS §ET u) FBPYL
NEE AH st BAG A ARSEE WARE Fo 7 F7HE A9 2ol AN G A ehateh (Fig. 3(B)).
AR A B A4 0.2 7kt (Fig 2(A)).
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Fig. 2. Pilot-scale production of FfIBP by recombinant E. coli with a cold shock induction system. Cells were grown in a 30-L jar
fermenter at 37°C for 9 h after inoculation, and then the culture temperature was shifted to 15°C to induce the F{IBP expression. (A) Time
profile of cell growth by dry cell weight (open circle) and production of FfIBP (solid triangle) (B) FfIBP expression was visualized using
12% SDS-PAGE and Commassie staining after running the samples obtained from the 30-L fermenter. Lane M, size marker; lane 1,
expressed FfIBP before purification; lane2, semi-purified FfIBP.
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Fig. 3. Demonstration of antifreeze activity of the produced FfIBP. (A) Thermal hysteresis activity of FfIBP (B) Comparison of ice
morphology modifications at different conditions: upper case, without FfIBP; lower case, with F{IBP.

4. CONCLUSION

Y=+ M4t Flavobacterium frigoris PS1 52 2 ¥ H-#] chaf 2]
FAIBPE W&k A 2 o Ahat-S 20-L pilot 72 of A] 1<
ato] 15°C A& f-sto] Ak A7 THE A2 1.53°CE
P, pastorisol| X} ArE] FAIBPE T} oF 28) =it} 2 1S

B3 A2 S& WS B3 A 23 AR cha A o] of
Aol 7he ke o 5 LSl
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