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Summary
The main project (KOPRI) aim to conduct biochemical and structural studies
on cold-adapted proteins of artic organisms that are expressed for their survival and
more specifically to overcome cold stress. The sponsored research (TSRI) plans to
maximize the productivity of the main research (KOPRI) through i) verification of
cold-adapted proteins in pychrotrophic bacteria, 1ii) increase throughput of
crystallization hits exploiting the infra structures of Scripps Florida, iii) achieve full
understanding of mechanism of cold—-adapted proteins through computational
chemistry simulation analyses such as molecular mechanics analysis (MM), molecular
dynamics analysis (MD), and in silico docking analysis.

Quantitative studies show cold—-adapted proteins tend to have amino acid
substitutions, which increase structural flexibility in order to enhance protein
function at low temperature [1]. Such proteins have low tendency of producing high
quality crystals as increased flexibility is adverse for crystallization and growth. This
can be remedied by the following approach:

D) Increasing the throughput of crystal screening process and also by increasing the
size of crystal screening matrices,

II) Bioinformatics analyses such as secondary structure prediction, disorder region
prediction, and domain identification provides critical information to design
crystallizable gene expression constructs,

III) Compile previous crystallization conditions that are used for cold-adapted
proteins and identify condition biases.

In structural/functional study aspect, impact of a specific amino acid substitution
can be delineated through MD simulations where atomic scale vibrations or
movements of proteins will be accurately predicted and compared to amino acid
substitutions in ortholog proteins of mesophilic and thermophilic bacteria. This
information will enhance the understanding of functional mechanism of cold-adapted
proteins. Furthermore quantitative analyse will yield the information of evolutionary
pressure 1mposed on the cold-adapted proteins, that 1s a tug-of-war between
preservation of protein function and adaptation to low temperature. By careful
statistical study can provide evolutionary trend of cold adaptation, which can be
applied to generate artificial cold-adapted proteins or improved cold-adapted proteins

through mutations.
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= 7]hE
M 3 & A2gd LIS & 20

HE AEE Y B34S A% AAE HA A ek A9 AR A 4
L37198 WA A Colwellia psychrerythraeax T 37L& 712437 Y3t sensorE
W5 s Ao g o AETE Per-ARNT-Sim (PAS) E=W[o1S A X Als o] BHss v
dolA o B /384 WstE FAete A4 =HIRIQl PAS EwQle] A3t
295 e 75 EHQlY & WstE fEste @48 e Ae® dEA vk (1" 1)
[4-5]

PAS =wQle] 2= A= FolA T HI Fx7F fFAst] A 7 REA"S
al7] frElatth e ER REE wilde] dA &, S ofu|eAike] A Es vE o o
b FRE dSetal, ® olRS v eR I FE d5cte AY WHoR on 4zl
Wi "% data base® WHEOE A HFLTF swobA oAl MEe] U H&TF 25%,
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PAS domain

Heme

a8 1. PAS =929 %, A) AdE A<l PAS =S zt= dmdol 1x3+%. B) PAS =H|el wwa el Streptococcus VieK
o] AzlTt%. 7% E=H<lS Histidine Kinase? 71%5S 3 PAS ZwH|Qe] Agsls 7148 oz dexx &S [6]. C) E
coli DOS9] PAS el AAEAE 143817 93 Hemeo] PASo| ®ZA dxdoz A3 [7].

Colwellia psychrerythraea® A&olA PAS =W QO =% annotation® 24 7§
wAe Agsedth PAS mule] 49, oluliate] Aol thbsle] QA PO wuQ)
o] 3kolo] HA o}l HEA EES Y59 annotationd ERISHE AP S ¥ L 15 4570
o wujdo] AAR PASEUIS WAF AL Hlsgnh ojaA FulE Wl F A4 2
G W, ol Tz Adel T @A A5 wu, BAwe] 2 vude Adegin
o] FoAl ofn|=ite] AES F3f olu L 7]5S dS5T ¢ v dWE S BloE HAT
S (& D).
¥ 1. Colwellia psychrerythraeca PAS =<l =z €7

Ho Fed 7x2 2 | fdA M o & 75 =l
=)
1 % Q483T7 Transcription activator
2 % Q489Q4 Cyclic di-GMP phosphodiesterase
3 & W Q47UF9 | His Kinase
i
4 £ , § Q47UF6 Cyclic di-GMP phosphodiesterase
’?f ’V:tm
5 5 a0 Q485A7 | His Kinase
%




27 MAE ezl e §-3AF cloning® @A wtd 9 AAE AAGH Ay Q47UU6
8 dude] ®g AAT b ST wEbA, Blsle] W9 E core PAS domainiFo =
235te] cloning, ¥d % F2E AlEsgla, 2 Ay 5359 wiHef oigk a7t A4

o oot (F 2). o] AWE wgow dFe] WA Pelsn 245 A4YS 59

M

¥ 2. AE 449 e PAS domain® £ AA A3}

. . . Cloni . .
Target Protein | Predicted Function Vector mﬂ_ Purification
Expression

4TUFS unknown pET24b SUCCESS fail
CMTUUG digualvlate cvclase pETZ24b SUCCESS SUCCERS
CHBSAT histidine Kinasze pET 240 SUCCESS fail
HBERET unknown pET24b SUCCESS fail
CHEGL unknown pETZ4h SUCCESS fail
QMBS XE unknown pET 240 SUCCERS fail

TR T cvelic dGMP g, e e
MTUFG-PAS phosphodiesterase pET24b SUCCESS LU0 CESS

S Methvl-accepling . .

1] o - } ul - . N kR F
HTUFT=-PAS] chemotaxis protein pET24b SUCCESS fail
MTUFO-PAS unknown pET 240 SUCCESS SUCCEES
HMEBRET=-PAS unknown pET24h SUCCESS SUCCESS
MTUFT-PAS2 3'_"'1"”'1!-!?;“.1_-["]}['“3. pET24b SLUCCESS SUCCESS
Ii.l:]l.'l'[l[:lld.'".l.h [JI'HLL"II]
wd Aol Folw BTFL Al FHA @ Aol o], wadony o

E A AAe &84 WstE sty 349 dAE S5 ¢ vk 239 =94
Hsl= oy 7HK] WoR §5d 4 AR AFETF =2 wHo R dHzl g4 WY
(Dehydration)& AF&3}H, Scripps FLo| W7} %% o] Ql+= Free Mounting System
(FMS)E o] g3tk ma= ALg8 A4S Aelshd g 2 8do] ~15A4 o Fo]
A, 75%% G Foll= 3| - EAI7E 3AZMA] wolA] o]H & glo] FEREAES T ¢ AT

(g 2). T3t g3 249 842 Wl #dt A Fd gt g AA e HH
E9ge 24 5 AT
a b
16 A 15A
Rh=96% Rh=96%

29 F§ g5l o9 be A9 B) o 12 %
2]



Dehydrogenase?] 9&<& 5= 42 DMSPe #3] ARo| 3olste] 3¢ 3747
3o =983 9L sl [10-11]. UbiX #&E I 2 AE A= o] ghwldo] UbiAet A%

gatel fFeka 1 w99l Helg As olm Felxl E. colidl UbiAE ©] &3
9E FHelx, ofe] FolA WHAWE UbA) ofnlwat AAE wmele] o

Ato] Wol7F gl HE A7|7F @il EHo|A] negarive charge patchE #AstsE A &
]

e o] dey] d=, did b % A Ak, 7xo ok AH sol A4
Aol Fa3k 9as st o= d#EA v, Maltose Binding Protein (MBP)& ol

o AAd A AAE Histe], AAS w9 e 24 BREAAE LA v webA
= Z

4
34 S wE By wAe MBPe} Avlete vrEe] A4S wEt APe 5

3. 244 FAAA MBPSH 71 WebE TS B2 90 List

Target Protein | Vector Modification Elnnmgf‘ Purification | Crystal
Expression

CHEZK] pET28a MEF Chimera SUCCEEs SUCCEES in progress

47 X1 pET28a MBI* Chimera SUCCESS SUCCESS N Progress

Q48763 pET 28a MBEFP Chimera SUCCEES SUCCESS in pProgress

AFE A|EHolA Fol steered molecular dynamics (SMD)7]¥ & walz o] 7] 2
steered forced}t= <191 AQl 38 7}3te] 2@l AJ7bo] A2Q4% = AlEH oA ATHS ©AZE



o7 Folx wAlol 7he A3 THe] gAols 5 AN 5 do] 7ol o] o
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A/ A2 E gotsts =42 AMRSIY. 1 A3} Colwellia psychrerythraea DAdC ¢ 712
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T A4S g WES A S8k e BE 71 R1033 R2797F MMSAe] o g
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a9 4. Colwellia psychrerythraea UbiXe] 712 ZAgrd. A) UbiXe] 7]&<¢l PPHB7} Y2049} FMN Afoldl intercalation®
Agto] dojFe SMDE Hos%. B) UbiXe 7] 196-2059 196-174%-919] +44 %7} PPHBY Aol T3k dstS 3}

e A
= Ae=E ®He.

OdoMMSDH®] 712 ZA3gte ol A= thiohemiacetal intermediate A E|ES KPORI®| A
kel 25 vpg o s REs whEa AlEYolHdS FI okdsle FxE 2d Y (¥
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(R)-thio hemiacetal gAY FHAAE HolF. 7|H 9 TAAE Cys2809 Ao A3t g F =AY AH=
el Agto] w9 FAREH, A JEFS vAA = AoRE FEH

Hot Spot> ©@¥jz o] o] EA3}= Pocketo & 7|2 =2 HApgfo] 2L 3
Azte] o]FolA = T} [11]. Docking A3 ZFEGol A o
Agsts AL dF5ss Aol [12]. DAACE NAD cofactoret MMSAZ1 A ]l CoA
of AE o]Fofx =], CoAs AFFFE d7¥ Zeo] gk wehA Hot Spot Searche}
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a8 6 (A) A ribbon model of DAdC tetramer showing docked CoA binding. CoA binding was predicted by docking
experiment and the position was refined through energy minimization. The pocket was constructed by three DddC
monomers. (B) Surface model showing the predicted CoA binding pocket. The pocket is located near the substrate

binding site opposite the NAD binding site. In both panels, each monomer is colored differently to show the monomer

boundary.

DAACY] AATFRE 43FAS FASTL QAT FAF GdSo] 45FH Fe 2
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50
09 « Aprotinin (6.5) y=-0.3852x + 1.1611

R? =0.98907

40
Ribonuclease A (13.7)

Carbonic
anhydrase (29)

)

Ve-Vo
Ve-Vo
(=]
@

30

0.D (mAU)

os S\Qvalbumin (44)
» V> o Conalbumin (75) DddC (110)
S e Aldolase (158)
10 02 Ferritin (440)
01 Thyroglobulin (669)
o § § . , §
° 140 160 180 200 220 o 0s 1 15 2 25 3
Flow (mL) Log Mr

8 7 Analytical size exclusion chromatography of OdoMMSDH (residues 1-498;calculated molecular weight of 54.0
kDa for polypeptide chain) showed that OdoMMSDH exists as a dimer in solution. Chromatograms of OdoMMSDH;
eluting at 181.3 mL and corresponding to an apparent molecular weight of 110 kDa) and standards are shown. The
numbers in parentheses show the actual molecular weight of proteins. Ve, Vo, and Vc represent elution volume, void

volume (105 mL), and column volume (318.5 mL), respectively.
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Ca position
238 8 #&A4sle SpoOASt v & A3lE SpoOAS] MD AlEd o] Z3}E RMSF (root mean square fluctuation)® ¥ 33k
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X 4. SpoOA9] A 4 =d v,

ol ATl Mmool W FIA (A V& E
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N
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L.

mode of interaction

buried surface area interface mediated by

New a4-B5-ab model

h-bond and hydrophobic

interaction. The

mixed
11% of total

residues are
surface area

conserved among SpoOA.

highly conserved charged residues.
Conventional a4-B5-a 11 ~ 15% of total . .
The residues are not conserved In
5 model surface area
SpoOA.
11 o
Ag=s"2 845 2 HJ)IHE

23 gAL e ECE
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