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e oI AERT 200MEHICiE,. KP#LZ 228 X%2 T 2408 EHY
(antifreeze protein) 2MFFEL TV 5, ZOHERHEDMGHZIRAET S 2 L I12 L » TRIMKREOHH %
B &, ZO8E, EFICECERALUETTOLHRIOVBLIENTESL, —F, HAHMEOEmICIE, K
DB Z L B RAET B KEEITYE (ice nucleation protein) AFAEL TW5B, ZOHERHAE DAL T
OXROFFE#RE L, MEIEH S OMBNTORMGHLHEEZ I WTWD, MEHEE . KROMHIC
WAETHIEICE DA RZL TR LEZLNTVDEA, ED AN =X LD T LX)V TOMRIIL
FRHEE 572 ENNTH S, INOHOHEAZEIEZ, AWM F ) IXRTF M L THYETT7 3/
RICE) (4 > FAVE—=b) Z2FoTE), MOZ0EHEICORLNE —EDY Y FL)E— D
Rk, BREB LU0 THEILDOMICO LD HBDEZE LTV, ARIH TR, FKrOWEEZEDLIR
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FTOWIEZMBLL 72\,

<5 HEE>

Ke NHEHE, KEEHE, ¥ 72V €=, STFE%
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FTRTOEXTVAMILIIB VT, Kid, LGB
FxRE2HE) BRI FREAES FEHEOA RO 1 H %
HLTWd, EHIIKIE. AN TOIESRBRE, WER
#ALEBOS, B X OHIEA O pH O #1512 B W TA
B REEE R L Twb, b LEVRRSEN T THE
NORDEHGE L7z 7 H1F, AWEZ O BRI
BATEER T, ICEL, L2 LA SERIIE. BKL
WEBRGEMTHPIT 2 8 F 8 F 22 VT, EWiE
HEETWDLIY,

JERE R B AR ORI BT A O ML IS, KA S
CEEWTLIHEEHOAHRAENE (antifreeze
protein) EMHEIN L EAENPHFHAELTVDLL Y, ZOR
WEAEBRGHZEET L2 12k - T AR
HFEEB &, CORE, FHITENKREHTTHAEZ
DB ENTEL, INEITWHIZ, A TIEMBE DR
W3R EITE  (ice nucleation protein) & FEIXI S,
KWD Z &R RAETZEABRIPFIELTND6 7, Z
DEAEIZL > TN TOROHRE ZRAET 5 2 &1

L0, MEIEE S OMBEPN T ORI 72 B0 % BivTw
b0 LLAdS, ZOMBOMTIREEAZ L. KA
ABNCE > TEHRRKICBIT 2 BIEM O EEZ K& L
LCTwb—HEdhoTnhb,

—Ji. KOFEH =KD SR DHIE, AREMFICLY S
IEXIRBELZHRET LI EDBANONT VS, has
FHHHALIL, “BEIRPLELNLFRTHL L)
ELWVZEIFERLTWSEY, FE5TLVIZIEAL
ThbE, KREFEF 2 MEBmRET 1 REIEAESG L
H20 &) 725, #E B =S O=20 K BHINE
LAESI LTS, 2D X)) IZHTF =R HRAINE
LABEHI L72b DA EIFATVDE Y, TOKOHK
WICAHEAERKEEAETRAET L2 EICED, Zh
FNOEREE R L TwHEEZLNTWS, L2L%
o, ZDRXHZZXLDHFT LV TORFIZHIZDO N
72 E0 ) ORETH D, ARFTIE. HTEYWEB LD
& WA 7e 2 hac LT 2 o2 &z h
FTOMREZRBAL. 252D 5O IZON
Thikam L7z
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KAFORERE (FRiE) CRERBE

— R AT RAL T B 70, RISk L
ToO% (nucleus) BUETH L, ZO (KIZBWT
WIOREZ) PR L 2w &, KIKETFIRETH R 5
ZEERL<, MEH (supercooling) DIREZRD, 52
MR K TIE - 40 CHRE E THAE L ZWvDds, 2o
MR 2 ERGTFARPERL T IRy —KER
D TNIKBL oo THIENIHE 5. ZORRAEE—
#ARE (homogeneous nucleation) w9, —J, H
WA DME D KITZEETHHTIE R EBRBREOMS
POEWARL Y, TN E o TKDOHAEDTHE S
Ns, O ZAY—BFAEK (heterogeneous
nucleation) &9, ZOWE, BAEKONEE Thid - 10
~—-15CHEL RS,

RO RIS, N RS () LV R0y
AXEY P () O 2HERH L, VDK -
100 CULTFTOMKIRT, L2 a FiE L2252
ETERV, WHEERAPHICT ZKIE, BISNELRE
DK TH B, K11 OFERMEREZ R SREET
(E 276 ABEN 2B 4 OB R T & DU AR S
L TwW5h, ZOKROMBEAHEE L, KERSIZEID T
E TV Do IRHGEH O MU AR I3 1T & A EIEREZ LY
KTHBDOT, KE-EOBOMEILI09ETH 5,

[1210]

B1 K (h) OFEEEE a) KSFOREFEMLORKRT
b) BERETFORARE., BRHBONY MVRE. a=
450 A, Co=7.32A.

RNEZEBHE (antifreeze protein)

A DAL BB O AKX, #-19CIC %5, —
BoMOMEEIZ, & oz EFEEIZIZIEZ-07TH
H5-10CTHMLTLE)s LOLEYS, HEHHOD
WA DMIFIR, BALOHRH P, - 2TIHWETH
ZATCHHM LRV, TORNEIDLHEOMEEAY
—antifreeze glycoprotein (AFGP) —I2% % Z £ AR E
Nz Z0%, MOANHENY (antifreeze protein;
AFP) OFEED LN TR T2,

MWICAEBT 2% I8 oM (Trematomus
borchgrevin) DILE 2 HHFE S N7z AFGP X, 1=
DELD, P Lb8MBDOTA Y 7+ -1, LTH
ELTWVD, WTFNOAFGPIZBWTH, 795=v -7
TV —ALA =D M) RTF RSl LTHD RS
Byl (v 7Fa)E—=F) ZFb, AL = VERED P
KERFEHES p -D- I 27 T2V v— (1,3) -
N-H#F7 FHFIVIREELTDS (K1), KON
WAFGP (AFGPS8) X, ZO MY XRTF FA4 MDY

BL2b0 (5 TF®M=2600) THH. KHKEW
AFGP (AFGP1) N2 55M#EEVELZZD D
(Mr=34,000) T&H %, #i. Antarctic
fish (Notothenia coriiceps & Dissostichus masoni) @
AFGPEfK?@f%EﬂﬁM‘H&Eéh AFGP - T23% ~

DY RTERRY Tu s A4 VRilkfkE LCa—F
’éh“(b\é ZEATRENZ 1D, TRE TOMEND
AFGP OWAE 12 & B K O#E R O BLED. KOS IR
(T BETORKNEEZ SN TS, AFGPIE. ¥t
MA) R T WEKRE VAR ELZEHEEZEZLNTEY,
T T = RO MBADSBUKPEMT 2 BESRIC RS 5K
AEABAKEMM Z TR T4 EHEE SN TV 5, Wi,
IIVMWEIZEY y — ¥ — VR OFAEAIR S 723 W,

=7 erowfi40@&47ﬁﬂ%ﬂfw
(#£1)o FATTIDOAFPIX. TI=UDEEICETL
tMT\/@ﬁﬁm%%—7#£ﬁLf3@#%5@
MOBELZZEY (F 0 TAYVE—=F) HTETVS
(K2), fad winter flounder @ X i Ak & FEHT 5 S
ZDOXRTF RRGTERITDIoTa -~ v 7 Ak
LB EIIRENTZED, £ F Ty F T DTED
5. ZOXRTF FHUKES D hexagonal bipyramidal
M 12021 ISEIRWISBAE L. ZOBAY v 7 ZOHH
[0112] HIICHD L9 ICALE T 2 2 LA RSz,
EHIT, TARNVF—H/MEIZ & o THERIZKD Hh 7z
FEM 22 LR SR TV, BCHIHIC 11 RREE S B ICHLD
NBAVF =AY v 7 2O CMHEIC, HWIZ16
AMBTHAET LI L 2R L7ze ZOMBEE, KD
[0112] HINZ BT 2 K5 T ORMAERE (spacing) 16.6

ATV, SOZERS, ALF = v OKEEIEA KK
HOKG T ERERERT DYy =BT WP RESNZ9,

notothenioid
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®1 THREBE (AFP) DOFEHE

5% AFGP AFP

type [ type I typelll typelV
ST DRE R TI=v YRFAY T2l INEI
53 & (kDa) 2.6~34 3.3~4.5 11.3~24 6 12.3

—%kiitE  (Ala-Ala-Thon  1REOZL F AL —h LIFLH0 30 RITREL

1999

¥k
ity <33 T o —helix B -sheet B -sheet
S-SHER
AR antarctic cod winter flounder sea raven ocean pout longhorn sculpin
Atlantic cod yelowtail flounder smelt wolffish
frost fish shorthorn sculpin Atlantic herring
polar cod grubby sculpin

DTASDAAAAAAL 12
TAANAKAAAEL 23
TAANAAAAAAA 34
TAR 37

2 2471 AFP (winter flounder) D7 3 / B4EE%. 11
BREZEDECTLUE—-IFRSN B,

74 FUDAFPIX, VAT A V2 BEIZ&LR1605%
NS LEABRTH S, RIIENICL > T, TOHEH
BHRCHOL 7 FEREUY—% B DI EDREN
Too WiT. ¥V —AME&EHAE (MBP - A) AW
THREUY—EFTY Y Ihfrbh, 2O A
FHOWTREMENEHT 294 AR ES 2D,

74 7WDAFP O VAARREEIX, B - AMT Y 9%

a)

WERIRD 7 + =V 74 Y 7 LT DI L LN
NTWa22, Jlab®? &, Kty *F 77
Ve, [0001] HNCH S {1010) 7Y AL E 2
DRTF FEDET 5 HMOKERE DRI WEETH %
ZLERL. AFPH O 5 RENI NS ORFEAREITH
HLTwaEfEELTW5,

K#ZEHE (ice nucleation protein)

FTTICHB LA L), BFEAKIE- 5 CUTOlEF
TEEHOIREEZRL, S Lo, LITAM BEY
CHEZHZLREDO—DL LTOFEEL., FOMT.
*k@?)]*a@i I, BV WHEFREE D - 2 Ttk & v
STRABEFTTCHMELTLEY) S LICLY R 5,
COFIE. KGR (B2 VIOKBME) LIFEh
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N
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GDNH[S|RL |
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A AD
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VLT
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AREGS[TLT 491
AEOQG[SIVLT 539

AGED[S] 1099

C[ FRLWDGKRYRQLVARTGENGVEADIPYYVNEDDDIVDKPDEDDDWIEVK 1148

b)

AGYGST-TAG--SSLIAGYGSTQTAG--S-LTAGYGSTQTAQ--S-LT]

\/

AGYGST-TjA---5---

N/

X3 | NP (P. syringae) M7 X/ BECS. a) £&FND—
RiEE. 8. 16, 48FEDRYIRL EF—T7 24#D
12373 /Beththi R&a, ARERTLTH 5.
b) RKAXL2DVE—MEEFICESh2BURLEF
—7DOANFHEE (nested sequence). &#EVERLE
F—Td, RKEEEF—THELUVNESEEF—TDE>
FLYUE—ITHYEP LS., ThThEFEEOT7 I/ B
EREFELTVS.
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HMAEMICIDIDTHLIEVHLNIZENT, 75
AR TH HKBME L. Z DOFMERIB IR 2 kX
ZFH, -5 CULOWE, BEICXkoTiE- 1T TK
ZHOLETLEI. BOHOLNTWS I VL AglD
BAEBRORE T IR -8 CTThrEsbhTwnd, 2
NEWKT 5 & KA ORBEEE % Vi) THh
HEBR B

WAt Z OKBEIEEAS, M A5 T B KB EHE
(ice nucleation protein; INP) 12X 5 b DTHAH I LA
SN ENT, TN E T, Pseudomonas syringae, P.
fluorescences, Erwina ananas, E. herbicola, E.
uredovora, Xanthomonas campestris DA% HE O
BF ORI E T I BREEHIATRE SN TNDH B9,
INHIFWTNHH 1200~ 1500507 IV BH1 5 %
Dy BEWIZE DD THEMEREV. 72, WOk
HEHED 32D FAAL UM (NFAA Y, REAAL >V,
CRAAL V) IZHRTFoNEHN, TOHIENFXLEC
FAXA Vik, ThEvo 2RO T I 7 BREYI2 5
HoTWh, T L. R FXA XIZIE, BT
FNIXRTF FPEA L L THYEIND Y > T4
VU= DT Do EHICHEKEHLZ LI, 2OV Y
— FEFNE AN THERE % L 72FE%)] (nested sequence)
ZLTWwWh, DTt %, P syringae®INPZHIIZE 5
THHL LS (M3)e FTIOMINIIEARMIS, 5F
HiZt) ¥ (S) 2HF>L) % 8ikEDEF — 757116
M#EDBELTWEERLZENTEL, LML Y
v=Fuir-71)vr (GYG) ORFNOWBIE —
WCEHT2%51X, 165%MED 5% 5 EF — 7 5% 58 [0
MOBRT Y TRV E=ITHDLERLRTILEHTE
%0 SHIZTNVEIY (Q) FOMBINY — Y 2EET
E, Zo0F 7o) E— MI48FRED 1 DD 1 &
LEMELZHS>TWAHEEDLF R b,

®4 | NP24hDAFHARTF K Leu7-lle8-Ala9-Gly10-
Tyr11-Gly12 Y 5 BATEL L —THE

ChETOKBEREDILFBEHRR

N FE CTRBEVE OB L~V O ST ARKE 5 AT
BRI L TBEHT. VAREEEZ TIT 2R-ANLINT
WAL THDH, Warren® 1$ 4 — ¥ — FASEY BT =
flH HVIIANAROEE LI2ET IV, 20 OFTO
b=V —= I BANHRO_ELFARICT A —VTFA VT
L72ETVHIEL 7o Mizuno® 1. AGYGSTLT #»
Lb 87 I R ERENLEEF—7 & LTGED,
ECEPP 70 2 5 A & flio 7z ANV F—3F151C & ) JHF
JEREL NV TOVARKESE 2 RD 720 EOFER, KA
LLTR - —vHEBEEIIDERDL, SEEDETF—
TH6 YR LA-48FkEE ML T A, K& LD
TARMEER &5 P L7z Mizunold, FmIZHEH
L 72RO RIS K G T HEA L LAHEETE, Ly

%47 1AFP 53F

KT L— b

K5 #471AFPHFEKERTL— NOBMEERET
V. SBOKPIFEERBOKERERU /N2 — > THRAY
MIICEEBL TKOTL— v 2R L. Zh%E AFPSF
EREIEIREEEYHL .

BAA L72AKD HIKE AR T 2 6 b iy |2 M A
TwEFEELTWS, —F, Kajava & Lindow3V &,
Mizuno DI L7z 58 AMEO .0 H 5 228 % 443
L. B=¥y—RMZEEDW, Ihary s b rETVE
R L7,

BHESHEEBE (NMR) (C&XPKZEEBEY E— MCH
DILAEERR

B4 E, 8T I /BN RLEF— 73 EHD
BL7=~_TFFF (AGVDSSLIAGYGSTQTSGSDSALT;
INP24) Z#&K L. 2 XKIGNMRMEZ FEIT L7722, %4
7 b rHEOHEEE P 5 NOEHIED S, Leu7. Iles.
A9 7YY 777y 7 7ua by Tyrllo) 77 b
UHHENITEWIEEZHLNII L2, £720 Leu7DT
SRR MU DOF I AT T N OURIERAF AR 12/
BV EBWPLNII Lz TNHOERDL ST A1,
Leu7-Ile8-Ala9-Gly10-Tyr11-Gly12 DN\ F H X7 F F s,
INFTIZTFRUEINTWE L -F =V L3RG EATYE
YIV— TRERE RS T L L (M4),
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TR 3FIPIEINTHE, L2LERDAS, EBEI TH
NivIal—vavidde LTEZRE X OKER D
TOLDTH 72330, SN, KEEAEOMESE
M B<B120E, KEERICAE L2 IRBTHY I 2 b —
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ZFIZ T T A DREE L B BIEWREN S AT 4%
FIHLT3, 4 71T BLY AL 7D AFP Ak
WG LR TOY I 2L —Y 3 V2479 k2B
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TOAFP O, FFIOKICEAE L7 I /Bl 2
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¥ & O

AR & BB A 72010, REBRE KRR
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WP EE RSN R ED S T ST 5 Hoes L ot
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e Fi3
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FICE LTI T 7272 2 R B 8z (PLIBEEE K
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OFMEE LB L OPREERE L oFEEE LTiTb
N7zb0Ty,
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Ice Interaction with Protein

Norio MATSUSHIMA!, Takanori TANAKA? 3

Department of Liberal Arts and Sciences, School of Health Sciences, Sapporo Medical University',
Division of Biological Sciences, Graduate School of Science, Hokkaido University? Department
of Biochemistry, School of Medicine, Sapporo Medical University*

Abstract

To survive the freezing temperatures of the ice-laden polar and north temperate oceans,
many fish inhabiting these waters synthesize biological antifreezes (AFs), which lower the
freezing point of their body fluids below that of the ambient seawater. These antifreezes,
either protein (AFP) or glycoprotein (AFGP) , are synthesized by the liver and secreted into
the blood from which they become distributed to almost the entire extracellular space.
Many strains of the bacterial species, on the other hand, can catalyze the nucleation of ice
at temperatures as high as -2C. The ice-nucleating activity could prevent a fatal wound on
the bacteria, which incites frost damage in many agricultural crops. Particular proteins (ice
nucleation proteins; INPs) are essential for the ice-nucleating activity. Two types of proteins
(AFP or AFGP and INP) function through interaction with ice. However, the molecular
mechanism of the function remains unknown. This article reviews our present knowledge
on the structure and mode of action of these proteins capable of ice interaction, including
our recent study. Interestingly, AFGP, type I AFP and INP contain tandem repeats. This
article constitutes part of our studies on the structure, function and molecular evolution of
tandem repeats in proteins.

Key words : Ice, Antifreeze protein, Ice nucleation protein, Tandem repeats, Molecular
dynamics simulation.




