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Computational approach to understand structural/functional
mechanisms of cold—adapted proteins
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dEQ ek (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:

I) 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 imposed on the cold-adapted proteins, that is 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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1 Q48317 Transcription activator

2 Q439Q4 Cyclic di-GMP phosphodiesterase

3 Q47UF9 His Kinase

4 Q47UF6 Cyclic di-GMP phosphodiesterase

5 Q4A85A7 His Kinase
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2. &2 AAE A9 PAS domain® #2 BA Az}

, , . Cloning/ . .
Target Protein | Predicted Function Vector ) Purification
Expression
CHTUFG unknown pET 24b SUCCRSS fail
LM TULG digualvlate cvelass pET 24b SUCCESE SWUCCESS
LEIAT histidine Kinase pET 24h SUCCRSS fail
HEEET unknown pET24h SUCCESS fail
CHiB6L unknown pET24hb SUCCESS fail
GMESNE unknown | pPET 24k _SUCCESS | fail B
o : B 3 2
CHTUFB=PAS E¥Ekc alad} ) pET24b SUCCESRS SUCCESS
phosphodiesterasze
P . Methvl-accepti :
MTLUFT-PAS] eyl 'J.L.LLH .L:rua. pET24h SUCCESS fail
chemotaxis profein
MTUFS-FAS unknown pET24b SUCCESS BUCCESS
MEBEET-PAS unknown pET 24b SUCCESS SUCCESS
e b Methyl-: I
M TUFT-PASE st s Py pET24b SUCCESS SUCCESS
chemotlaxis protein

wu mwel dwy 4E, @ud ke BF A% A%, P2 g A Sol 44 I
Aol =873k 9as gl= How d#A Y}, Maltose Binding Protein (MBP)+= ¢z
o] AAo| g3 AAE HAsle], AAHS Lo A4 Bz dEA . uebA
G A g By gl @S MBPe lvEtE e 2L TtEe A
s (2 3).
#3. 474 F4JAAR1 MBP 71dletE 48k B2l @ulA List

) . Cloning/ L
Target Protein | Vector Modification > Furification | Crystal

Expression

52K pET 28a MEE. Chimera SUCCESE SUCCESS in progress
Q47 X014 pET28a MEP Chimera SUCCESS SUCCESS in progress
Q48763 pET28a MBP Chimera SUCCERE SUCCESS in progress
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Phe449 | ,15\4Q Phe449
v NAD |
.Cys280 “INAD

Phe150() Yy N
L AT I Met281

Arg279
a3 2. 9 Computational
models of Cys280 the
thiohemia cetal

intermediate sates of OdoMMSDH. The (S)- and (R)-thio hemiacetal intermediates that are shown as orange sticks in
panels A and B, respectively, are covalently bound to the sulfur atom of Cys280 (labeled red). The stereochemical
state of the intermediate has little impact on protein interaction. The residues involved in substrate binding are shown
as green sticks with their labeled residue numbers. The covalent bond between thio hemiacetal intermediate and
Cys280 is colored magenta. NAD is colored in yellow. Hydrogen bonds are represented as red dashed lines

Hot Spot& w@wz o] o] EA43F+= Pocketl & 714 =& Hapgfo] z} =
ZAglo] o]FojxE RS AAET} [11]. Docking A& AFE Aol A vz o] 3}al& )

AststE AL o =5k Adudolt) [12]. DAdCs= NAD cofactor?t MMSA7Z] A ]9 CoA

rlo
e
e

ot
ey
Lo

18 3 (A) A ribbon model of DddC 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
Eindigg site opposite the NAD binding site. In both panels, each monomer is colored differently to show the monomer
oundary.

DddCe] AAFx+ 45HAE Pt IAT A Gl d o] 4584 =& 25
A2 A8t Jormz [13-15], Size Exclusion ChromatographyZ ©]83te] DAAC7} o]
wst FHAE FAdsk=A AFstt. 2 A3 DAACe 25 HAE FAdshes Ao =2 g A

(18 4).
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0 09 o Aprotinin (6:5) _ 4 3850y + 11611
| 08 R? = 0.98907
40 [ !
I ~ 07 Ribonuclease A (13.7)
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> Carbonic
‘é 30 ‘ ) i L anhydrase (29)
E >(> os *\Qvalbumin (44)
N =
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NS Aldolase (158)
10 “‘ \ 02 Ferritin (440)
/ \ 01 Thyroglobulin (669)
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140 160 180 200 220 0 05 1 15 2 25 3
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% 4 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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