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PROTEIN SEQUENCE - STRUCTURE - FUNCTION

Principal activities:

Bioinformatics analysis of protein sequences and structures
Structural prediction and molecular modelling

Molecular design




Water and protein structures
affect each other




Melting point of ice is 0 °C.

Freezing point of water varies from 0°C to —40 °C
depending on the presence of impurities
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Applications of ice-active molecules

Agriculture (thermosensitive plants, etc)
Climate, ecology (troposphere)
Food industry

Medicine (conservation of cells (blood, sperm),
organes and organisms)

Saving of energy



Antifreezes

Colligative antifreezes Non-colligative antifreezes
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Antifreezes

Colligative antifreezes

Non-colligative antifreezes
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Antifreezes vs Ice Nucleators
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Biological ice-active molecules

Colligative
antifreezes —>
(glycerol, sorbitol)

<

Non-colligative
antifreezes —_
(peptides, proteins)

Ice-nucleators
< (proteins)

Billions years of evolution
Non-toxic




Known 3D structures of AFPs
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TiBS Snow flea AFP Pentelute et al. (2008)

Table 1. Antifreeze proteins from fish and insects?

J.Am.Chem.Soc. 130: 9695-9701

Type Classification Size (kDa) Repeat
Fish
| Alanine-rich a helix 3-5 Tlaa (~3 turns of helix)
I C-type lectin fold of mixed o, f and loop structure  14-24 None
] Globular protein contains short § strands 7 None (but natural 14-kDa dimer observed)
v Helix-bundle (predicted) 12 22 aa?
AFGP Antifreeze glycoprotain 3-24 3 aa (Ala-Ala-Thr)
I

disaccharide
Insects
TmandDc  Right-handed i helix 8-9 12-13 aa (containing Thr-Cys-Thr)
Cf Left-handed B helix 9-12 15 aa (containing Thr-Xaa-Thr)

sAbbreviations: AFGP antifreeze glycoprotein; Cf, Choristoneura fumiferana; Do, Dendroides canadensis; Tm, Tenebrio molitor; Xaa, any amino acidl.




|Ice-like surface of AFPs

Unstructured protein




Ice-like surfaces of AFPs

Antifreeze protein
from Tenebrio nolitor o—

QCTGGADCTSCTG N —
ACTGCGNCPNAV ",
TCTNSQHCVKAN T
TCTGSTDCNTAQ S
TCTNSKDCFEAN «
TCTDSTNCYKAT

ACTNSSCGCP




Ice-like surfaces of AFPs

Garnham et aPNASMay 3, 2011 vol. 108 no. 18 7363-7367




Ice-like surfaces of AFPs
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Pertaya et al. J. Phys.: Condens. M&tfeNo 41 2007 412101 (12pp)
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Antifreezes vs Ice Nucleators

Non-colligative antifreezes
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BACTERIAL ICE-NUCLEATION

PROTEINS



to crops hits
$670 million

ASSOCIATED PRESS

FRESNO — Damage to Cali-
fornia’s crops from the pre-Christ-
mas freeze reached $670 million in
‘reports from major farming coun-
ties compiled Wednesday.

Boards of supervisors in areas
hard-hit when temperatures plum-
| meted to the low 20s and high

ERR e £ s bl e e E Sml s, L




W

Professor Steve Lindow

Department of Plant and
Microbial Biology
University of California,
Berkeley

« Intensively self-motivated, Steveifdow) rarely took time off work for more than
classes, food, and, little sleep. On rare occas$id(5), faced with choice of working or
a weekend of skiing, he put the active fractiariddaves) in the coldroom and went
skiing. When Steve returned on Monday, the extract had become turbids Steuenents
reflected rather unkindly upon the microbial contamination of an extragtich he had
invested much time and effort.... »

Discovery of Bacterial Ice Nucleation. G. Vali
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YmMHaa nepoyka HUKKH — repoMHa HayyHo-gaHTacTMYecknx pomaHos Huka
Fopekaeoro «ACTpOBMTAHKA®, «Teopud kaTacTpodkl» U «BoagpallieHue ac-
TPOEMTHHKM» — BLIPOC/Ia Ha acTepouae noj NPHCMOTPOM MCKYCCTEEHHOTO
CEepXMHTeNnNeKTa, a NoToM Nonana B Yenopeyeckoe obLLECTBO, KaK XYK B
MypaseiH1K. MpouyUTas TPMNOTKAIO, Bkl y3HAETe 0 TOM, Kakue NpuKnioye-
HWA BbINANW Ha fonto aToil GeccTpallHoil AeBOYKM U KTO NOMOT eil BBDKWTL B
caMble TPYAHEIe MOMEHTEL. OfMH U3 KPMTUKOE AaxXe Ha3Ban HUKKA «repon-
Hell Hallero BpeMeHU», Nof BNeyaTneHnem oT ed o6pa3aa oH Hanucan: «EcnK
XOTUTe NpeycrneTh B 3TOH XU3HKW, XaXaeTe AobuTLCA Yero-HWGyas cToaulero,
yunTeck, MeuTaiTe, nepaaiTen.

AETOpP 3THX KHMr Hukonai Hukonaeeny MopeKaesld (HUK MropsKaBeid — 3To ero
NceeaoHWM) — acTpogU3KK, AOKTOP PUINKO-MaTeMaTUYeCcKMX HayK, N1uca-
TeNk, COaBTOp ABYX AETCKHX 3HUMKNONeAWi: «JHUWKNoNneAna ANnA AeTed. ToMm
8. ACTpOHOMMA» U «BONLLWANA A8TCKaA SHUWKNoneand. BceneHHasr. OH ybex-
BEH, YTO MMP NPUHAANEXWUT YMHLIM U 06pasoBaHHeIM. Cefiuac HUK MopLKaBLIiA
3akaHymBaeT paboty Hag cOopHukom «3BE3aHLIA BUTaMUH». U MBI Nnpennara-
&M BaMm MNO3HAKOMMTLCH C HEKOTOPLIMM «HAYYHLIMW CKa3KaMM» N3 3TOM KHUMM.

Cem,rmﬂ EpeMsA HHTepecHONR
- CKA3KH O BomOe, 0OLIKHOBEH-
HOH BOJle, — TAK HATANA CEOI TPAJH-
OHOHEHYIO BeUePHENI0 HCTOPHIO IPHH-
nececa JI3uHETapa, KoTOopad OBLIA He
TOJIBEKO OIPHHIeCCOH, HO H YI8HEIM-0H-
0JIOTOM.

— YT0 B BOAE MOMET DLITE HETEPECHO-
ro? — YAHBIEHHO COPOCHIA MIANIIAA
T'amares. — Bona — oHA M ecTh BOJA,
MOEpaf H IHTH MOKHO.

— Bopga — oHO H3 CAMEIX 3ATa04-
HHIX BEIIECTE Ha 3eMJe, — BOZDASHIA

«Hayea n xnaan: N 11, 2000.

JsunTapa. — Hanpumep, npH Kakoii
TeMIOEPATYPE BOJa 2aMepaaeT?

— IIpu mHyme rpagycoe! — BEIKDHE-
HyX cTapmEi Argpeil. — Tar yuuTens
TOBOPHIL.

— ¥VuHTels IPAB H HEIPAE OJHOEpE-
MeHHO, — KHEHYJIA IpHHOecca. — Ha
caMOM jlele, eclH IDOCTAEHTE BOAY B
XONOAUNLHHE, TO OHA MOKET OCTATHCH
HAKOH M OPH HECKOJNBKHX Ipagycax
HHze Hyad. Takafd nepeoxNasxEEHaA

@ PACCKA3bI 0 HAYKE




Ice nucleation active bacte;}al species

Pseudomonas syringae (ca. 1/2 of all pathovars)

Erwinia herbicola (only about 10% of strains?)

Pseudononasafluorescens (only'abOut 1% of all strains?)

Pseudomonas viridiflava (common?)

Xanthomonas campestris pv. translucens

INA surface protein



Ice nucleation active bacte;}al species

Pseudomonas syringae (ca. 1/2 of all pathovars)

Erwinia herbicola (only about 10% of strains?)

Pseudomonas fluorescens (only'abOut 1% of all strains?)

Pseudomonas viridiflava (common?)

Xanthomonas campestris pv. translucens

INA surface protein



Ice nucleation protein ~1200 residues
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Signal C-terminal domain
peptide N-domain
I 48 residue repeat
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Superposition of 16 residue repeat
8, 16 and 48 residue repe

I 8 residue repeat
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Secondary structure prediction
Beta-structural protein

inaW Protein
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Figure 1. Predicted secondary structures of the InaW and InaZ proteins. The layout of the predictions

is isometric with that of the amino acid sequences

Warren et al. (1986),

(see Chapter 5). Reprinted with permission from



THR-, SER-RICH REGIONS OF
BACTERIAL ICE-NUCLEATION PROTEIN
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University of California,
Berkeley

Institute of Protein Research
Poushchino, Soviet Union




AGXxXSTXT — less than 30% of apolar residues
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Has 8-, 16, and 48-residues periodicities

Gly are in turns, Thr and Ser in the middle abbstrands and form ice-like surfaces
One repeat does not have Gly and this repeatraugsoduce a turn.

The lenght of the beta-strands — average of knmeteins

48-residue block: four highly conserved octapstiand two low conserved octapeptides
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Kajava and-Lindow (1993)
J.Mol.Biol. 232, 709



1. INA occurs from -11°C to -2°C, corresponding

to nucleant masses from 2 to 50 proteins.

INP must be able to associate in an unlimited tashi
(Govindarajan and Lindow, 1988)

2. Single INP is not active.
3. The best fit between experiment and theory tainbd

for flat nucleator (not sphere or tube)
Burke and Lindow, 1990

4. Needs membrane Kajava and Lindow (1993)

J.Mol.Biol. 232, 709
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A MODEL OF ICE-NUCLEATION PROTEIN

Kajava and Lindow (1993) J.Mol.Biol. 232, 7@




Antifreeze proteins
Beta-helical InP model

1

Graether and Jia (2001)Biophysical J 80, 1169

Liou et al. 2000, Nature, 406,
Leinala et al. 2002, J. Biol.Chem
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Garnham et al., BMC Struct Biol. 2011 Sep 27;11:36.



INP Is functional when bound to the membrane
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Garnham et al., BMC Struct Biol. 2011 Sep 27;11:36.



Some applications of INP

Agriculture

Control of femperature-sensitive
materials (Vaccines)

Climate, ecology
Artificial snow

Food industry

Saving of energy



Applications of TNP
o

Nucleat ng Particle
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Artificial show

Food industry

Control of temperature-sensitive
materials (Vaccines)

Saving of energy



Applications of INP

Climate, ecology . (. i i - i_ 4

Ubiquity of biological ice nucleators in snowfall.
Christner et alScience. 2008 319(5867):1214.




Applications of INP

Artificial snow

Snow Inducer
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Saving of energy when using ice-nucleators in the process of freezing of water

Industrial process with freezing step

v 5
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