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Abstract

The Pyrococcus furiosus thermostable DNA polymerase or Pfu DNA polymerase is
structurally homologous to the family B DNA polymerases. [t has been shown to have the highest
fidelity, introducing the lowest amplification errors in PCR products. Nevertheless, the structure of
Pfu DNA polymerase is unknown. Understanding of the structural mechamisms and control of its
high fidelity, as well as its thermostability is therefore limited. The objectives of this study were to
clone, express, and purify Pfi DNA polymerase, test its activity, crystallize it and generate the

preliminary X-ray crystallographic data.

The DNA polymerase gene was cloned from P. furiosus genomic DNA into the pSYS5
plasmid vector, and expressed in Escherichia coli strain Rosetta (DE3) pLysS as the His,-tagged
Pfu DNA polymerase with yield of 38 mg/L. culture. The protein was purified and tested for its
activity. The relative activity is 30,000 U/mg protein. The His,-tagged Pfu DNA polymerase was
still stable when incubated at 97.5 °C for 23 k and has higher PCR efficiency than commercial Pfu

DNA polymerase. Some loss of PCR efficiency occurred in the heat-treated protein.

Single crystals of non-heated Histagged Pfii DNA polymerase were obtained from a
condition containing 12% (w/v} PEG1000, 200 mM ammonium phosphate (monobas-ic) and
diffracted to a resolution limit of only 4 A, On the other hand, single crystals of heated His -tagged
Pfu DNA polymerase were obtained from 10% w/v PEG8000, 100 mM sodium acetate, and 50 mM
magnesium acetate. The crystal diffracted to a resolution limit of 3 A. The unit-cell parameters
were determined as a ='91.9 A, b= 126.8 A, ¢ = 88.4 A, a = 90.0°, = 109.1°, and y= 90.0° with
the monoclinic space group of C2, which gave Matthew’s coefficient of 2.64 A’Da” and a solvent

content of 53.5% (v/v).
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- T4-DNA ligase (Promega)
- Chicken egg white lysozyme (Merck)
1L4qﬂqﬂﬂiﬂhaxﬁ1nﬂﬁ5uq
- genomic DNA of P. furiosus (DSM 3638) (ATCO)
- PCR purification kit (QTAGEN)
- Plasmid preparation kit (QIAGEN)
- BigDye Terminator kit (Applied Biosystems)
- 7 DNA (Fermentas)

2.2 3eaile
- S3‘]_mﬁ1Tﬂiau1ﬁ’u§qﬂ%{LLUU§ﬁiuﬁa AKTAXpress system (GE Healthcare) G‘}?Q
Usznoudae affinity, desalting, ion exchange t1a¥ gel filtration chromatography
- Lﬂ?’e‘)d PCR GeneAmp 9700 96 well (0.2ml) Thermal Cycler (Applied Biosystems)

- 11599300 WN1HITD Gene-Flash Gel Doc (Syngene Bioimage)



- pFeedodwmnzidduafifiue ABL Prism 373 Genetic Analyzer (Applied Bio-
systems)

- w3eetluming Refrigerated High Speed Centrifuge, Model RC 26 PLUS (Sorvall,
Dupont)
a4 A w ¥ at o a

- 3 padatannuuduussnduweuas 1UsAu NanoDrop ND-1000 Spectrophoto-meter
(Biofrontier)

- deadieuuush Tuldlumh Crystallization  screening  Screenmaker 96+8

crystallization robot (Innovadyne)

2.3 IEMINAR0A
2.3.1 M3lnanBu DNA polymerase 9191 P. furiosus

Primers ﬁﬂiamqudawmﬂaw 5 (amino-terminus) a2 Yaw 3 (carboxyl-
terminus) tie 19 1uM31§ATe PCR {0 amplify H1 DNA polymerase HULIRNENY (V1A 2.37
kb) 910 Genomic DNA U831 P. furiosus lagnoonuutlaslddAtuavoddiu P DNA
polymerase 71 1411910 1A 0350 NCBI (Accession No. D12983) Tay primer Iagnuaianenitly 2
%A fio “gﬂ“ffll 1 i primer ﬁulilﬁ restriction sites éaﬂs:ﬂauﬁw PfuFL-for 5’-ATG ATT TTA
GAT GTG GAT TAC ATA ACT G-3’ ua¢ PuFL-rev 5’- TAG GAT TTT TTA ATG TTA AGC
CAG GAA GTT AGG-3' @3u primer ‘];ﬂ‘ﬁ 21§y primer % restriction sites @aﬂizﬂauﬁw
PfuFL-for-Sfil 5’-GGG CCC GGG CGG CCG ATG ATT TTA GAT GTG GAT TAC ATA ACT
G-3’ and PfuFL-rev-Kpn!l 5'-GGG GT4 CCC CCT AGG ATT TTT TAA TGT TAA GCC AGG
AAGTTA GG-¥

ﬂﬁﬁ"i‘m PCR 1uilSu1st 50 ul sznaudn P. furiosus genomic DNA (200 ng),
primer 4R (ﬁﬁmhm%’ﬁu 10 uM) Tural 1 W, dNTPs (10 mM) 1 LI, 10X PCR buffer
(Usznoudiy 200 mM Tris-HCL pH 8.8 & 25 “%, 100 mM KCI, 100 mM (NH,),SO,, 20 mM
MgSO,, 1 mg/ml nuclease-free BSA, 1% Triton X-100) 5 pl, 118 3 U YD thermostable Ffu DNA
polymerase (Promega) Jatluseuusnldl primer wafi 1 Tunis PCR nanniudiinish
nested PCR Tnefiosdsgnonlumai PCR du q wileusildndvudadhedu vndu
template 4AE primer N0 Haradi 140 NUTATE1 PCR Rifina1n primer ewnfi 1 uSanas 1
vy template 114m35H1 PCR Tawld primer a2 nsIisounIudeu (themal cycle) 402
U57501 pCR 18911001739 thermal cycler 8 Tusid 130R309 PCR GeneAmp 9700 Taums 1Y

- - o o I~ @ ¥
anufausudud 95 % Junat 2 Wi awdemsiuTeuduiuan 30 TeUV0IN1T IHAN



]
=

Youdada'lili @ denaturation # 95 °a WU 1 UH, annealing 9 65 ¥ U 30 Suih uaz
elongation 1 73 “ U 2 WA 30 Junfl a1y dunTrummIlEaueudents exension
¥2aqAT0f 73 "5 13u 7 il Aoy M3 TA I naa AT 1nUA3 01 PCR (PCR product)
18 Tan 1% agarose gel electrophoresis ﬁﬁané”w ethidium bromide

PCR product lAgnusnuazi I¥uTqna 1y PCR purification kit (QIAGEN) Nty
PCR product figniniduianiuaznarafiannmeldgndandnd e digesy #1u SA1 s
Kpnl restriction enzyme (Fermentas) mmfuﬁga PCR product amzwmﬁﬁﬂnﬂma{ﬁQﬂﬁﬂadw
suwzuds 13 uni WuTgnisnatadan PCR purification kit AounIsgayindadudy
mullnﬁﬁ T4-DNA ligase (Promega) 1A transform L%ij E. coli NovaBlue (Novagen) Lﬁmﬁu
Swumaaiiauay wanaiia lagniesen 1ay Plasmid preparation kit (QIAGEN) 1aunszuiums
fa q feduldsudiunmsandimslugievenuitndne  waradailgaasavmeuany

ONABIVDIRWUIAAINTTUIUNT DNA sequencing 1A83 19 BigDye Terminator kit L1z

U

W =4

10309 3ATITHAISURLS1® ABI Prism 373 Genetic Analyzer
2.3.2 MINAA (Expression) Snovdnuuionlasl His,-tagged Pfiu DNA polymerase lu

E. coli

wadiieafignaTavdeuaNgnAnud ) Idgn vanstorm g E. coli 2 auiiug fe
Rosetta (DE3) pLysS (Novagen) uaz BL21-Codonplus (DE3)-RIL (Stratagene) Lﬁ’aﬂ1ﬁ AR AT
Moviug yoauuaiiSofand lunswia (expression) Snsuiiuumionlsn! His,-tagged P
DNA. polymerase daumswﬁm“lussﬁu?i“lmyjﬁu (scale-up) Tufosdu IdimsnSsuitvuns
Hansaautuuuniiou v i (small-scale) Jununfideriaeas Tusisinissel de o £
coli ﬁqmingmﬁywclunaaﬂmamﬁ 17 °a TuemsiReudemad LB 10 ml il Ampicillin 100
lg/m! 1182 chloramphenicol 34 pg/ml ﬂUﬂixﬁﬂ%@ﬁﬁﬂJﬂﬂuulﬁal,'ﬁ‘hmiﬂﬂﬂﬁuLiﬁﬁﬁﬂﬁiﬂ’ﬂ@ﬁﬁ
(Ultraviolet Absorbance) fine19A8U 600 nm (A, WAL 0.6 sy PTG avluly
vasadsutonn I g nududugaiodu 1 mM iomiionh (nduetion) Winandnsaou
Sunuiionladmoldnisaauguues T7 promoter Tawamazlunismiienhldgnufowiiou
fusznire msmisahiil 37 "y i s v U 25 o U 18 B

manaaluviaiingiu 6 2 5a5 1u shake-flask i1 183 nouiuuurien lad
His,-tagged Pfu DNA polymerase Uainanaiu iieldwelilumsnanes WWldnvz £ col
AWTUT Rosetta (DE3) pLysS (Novagen) uazanzmsmiioninssdaiaouduuuiiowlasd

25 °q (unai 18 v



o = d & = :\‘

233 prineuduuuniowlesl His-tagged Pfu DNA polymerase 1HUINE
(Purification)

I3 A oWy 4 X - y =t . o

maguuaise lagnusnesniinemsdsadomad laensilumios (centrifuge) §

=5 -::i a d 1 3
4,500 rpm (Jura 30 Wi TeeRadIu supematant U@ UAUBWIZAIU pellet AU
1 by Vis . . .

resuspend U pellet 738 160 ml U9 Ni’ -Binding buffer (50 mM Tris-HCl, pH 8.0, 500 mM

R 4 = o ¢ = 4 oo 3 a

NaCl, and 20 mM Imidazole) tWal¥ la3aouduuuriou laningnnia lumaduuniGoiy wad

T kY o ¥V 3 < o 3 ¥ 1 ¥

uuafiGeiuizdoagni ldunnanisnou TavsadgninlAuanaaisaemsisudie lysozyme

o ¥ W 9 a o ! L & ¢

ffianududugaiie 1 mg/ml # 4 "o 1Hua1 1 ¥4 NoUMT sonication MU IABAINELAN

¥ s v

v = o =y Pz a d
(cell debris) lanndidasandion1siumdodt 18,000 pm duiiat 45 wiil lagSaanudunumn

N

v Jand Hisgtagged Pfu DNA polymerase hazawld (soluble enzyme) aeuduldsdun

ﬁ’a&maé’u 7 (impurity) agj“luﬁ"m supernatant wﬁammfufhu supernatant ﬁy ulﬁgﬂ load L‘lgfﬁj'
izuumsﬁﬂﬂsﬁuiﬁ’ﬁqwﬁlmuﬁﬂiuﬁﬁ AKTAXpress Purification System (GE Healthcare)
°A]f alsznouda affinity (NI HisTrap FF_lm! Xpress columny), desalting
(HiPrep 26/10 desalting column), anion exchange {Resource_Q_lml column) and gel filtration
(HiLoad 16/60_Superdex200_ prep grade column) chromatography L‘ﬁaﬁW Faouduuusion lasd
His,-tagged Pfu DNA polymerase Glﬁ‘lﬁfm%‘( Tﬂﬂﬁfuﬁauuiﬂ%m affinity chromatography fio
“Binding” GAIN supernatant fﬁ’ﬂgﬂu Niz+-Binding buffer (S0 mM Tris-HC}, pH 8.0, 500 mM Na(Cl,
and 20 mM Imidazole) 174 320 Iiaaitng Ni* column 91°tiufiens “Washing” Fufuniség
Wiofa impurity 71 111450 N Aoedinedieoglu column #2040 ml %89 Ni'"-Binding
buffer Ltaﬂu%ﬁuﬂauq@ﬁwmm affinity chromatography 718 “Elution” 470 5 ml Y89 Ni -Elution
buffer (50 mM Tris-HCl, pH 8.8, 500 mM NaCl, and 500 mM Imidazole) &?arﬂu N15%% (elute) 197

o . W : 4 o ! .
wulasfisanlieennmn N column ndsmniieulasitzgmitwidig Desalting column

4
476 Anion Exchange Binding buffer (50mM Tris-HCI, pH 8.8) Lﬁaﬁﬁﬂ NaCl 89021019018
Tﬂiﬁuﬁu ﬂ'@‘uﬁ’h@f anion exchange column ugﬂﬂ‘iaui}zgﬂ elute BOAIN column AU Anion
Exchange Flution buffer (50 mM Tris-HCl, pH 8.8, 1 M NaCi) 3Un3 z'f“‘fﬁﬂ‘i YU 60% gradient
v2oaunszieny B TUsAL00n90 column Bruds  AeaIniil msazmellsiufign
elute 90NN i]:maf‘i'g: Gel filtration column 1A&A13Y1WIUD3 Gel Fitration buffer (5¢ mM Tris-
HCI, pH 8.5 and 150 mM NaCl) c?ui‘luﬂfumufgﬂﬁ’w‘ummsﬁﬂﬂﬁuiﬁu?qw? Taaeseaile
SalusTAt o oAy fraction 82 2 ml

mlianeiauianivedTusiuldiilay sps-pace Tanhildsauluudag

fraction 11 fraction 8% 5 Ll Ha Ay 5 il U84 5X loading buffer (225 mM Tris-HCI, pH 6.8, 50%



glycerol, 5% SDS, 0.05% bromophenol blue, 250 mM DTT) 081 run A6 15% SDS-
polyacrylamide gel ﬁ 190 Taaa Wunm 50 wid %‘Iﬂ&uﬁmﬁé’fan (stain) gel MY staining
buffer (0.025% Coomassi Brilliant Blue R250, 40% (v/v) methanol, and 7% (v/v) acetate acid) ST
1387 10 1% 1321919 destain #n destaining buffer (40% (v/v) methanol and 7% (v/v) acetate
Acid) 15ua ovemight AT get 1 1dami1Udwnwee Gene-Fiash Gel Doc (Syngene
Bicimage)

myianmudndusosaouduuuriioney His-ugged Pz DNA polymerase i
u?qw%fuﬁnfu fi1lagnisiarnsaaniunaadann’iaTenn (Ultaviolet Absorbance) fiaat
Eﬂ’éﬂa’l‘u 280 nm (A,,) #78 NanoDrop ND-1000 Spectrophotometer (Biofrontier) TauTda
extinction coefficient Ay, = 0.74 dmivldsAududy 1 mg/mi PnvTaeuduuiion 1!
His,-tagged Pfu DNA polymerase ﬁu?qmﬁhﬁai 9N concentrate Idianudiudu 15 uaz 20

mg/ml Tay concentrating column @M FuTidsdu Vivaspin (Vivascience)

s <
2.3.4 M139A relative DNA polymerase activity yoyeula

3
e 3/

Snoutiuuiiow'lesd His, tagged Pfi DNA polymerase U3gninianududu 20
mg/m! giSev1alriinandudu 0.4 pe/ut A2n Pu storage buffer (50 mM Tris-HCL, pH 8.2, 0.1
mM EDTA, | mM DTT, 0.1% NP-40, 0.1% Tween 20, 50% (w/v) glycerol} M3 79 relative DNA
polymerase activity yauou 1oy Mlasmsdansmduves PCR product band (band intensity) ‘ﬁ
T8ondfAsn per ifeldSaeuduuuvionls] His tagged Pfu DNA polymerase fndnlu
a3ei Geusumaiionlsy P DNA polymerase 910USEM Promega TavlutlfAizen PCR
FnnnSoudiouty Wldwaada pVING Feldauvesdy Plant Villinl (VLND) ifu
template 190 primer 7119A8 For VLN1 §-GGG CCC GGG CGG CCG ATG TCT AGG CTA
AGT AAA GAC ATT GAT TC-3’ 1ag Rev VLNIM 5'-GGG GTA CCC CTT ATC CTT TTT
GIT TGA ACA ACG CAG CCA C-3’ i amplify PCR product (amplicon) Tudndidlududon
Y0904 VLN #ifvwa 1,150 bp TilfATer PCR 13105 50 ml T szroudan waadiadl
i template (10 pg) 1 pi, 5 pl Y93 10X reaction buffer (200 mM Tris-HCl pH 8.8 at 25 °C, 100
mM KCl, 100 mM (NH,),SO,, 20 mM MgSO,, 1 mg/ml nuclease-free BSA, 1% Triton X-100), 1
ul (10 pM) 99 primer 1A0ZH7 1Az 1 i (10 mM) ¥od dNTPs. Tavluudazmsnanoaldls
Sneuduuusiton el His-tagged Pfie DNA polymerase TuSinaiianadudadollifae 0.2,
0.4, 0.8, 1.2 uaz 1.6 pg wazilFouioudiumsld 3 U vsa P DNA polymerase 911 Promega
Taull thermal cycle K9 59 95 " w2 0¥ 30 59U ¥B1 95 % 1 W, 65 *r 30 Tunfi g 73 °

¥
% 2 11#t 30 Sundl; wazaudau 73 "o e 7 il ndwnyiser PCR @3edudl PCR



product TuifFua 5 wt lundagmsnaass1agniitn un A3 1% agarose gel TABANUE YD
DNA band lagniauazi/Touiion Tas 115105y Quantity One® Software (Bio-Rad)
235 MSAREIANUNUMUABANNSDN (Thermostability) vas3aouliuvmieulan

His,-tagged Pfu DNA polymerase

AMTUMTANYIANUNUMUABANNEOU  (thermostability)  ¥033AOUTIUUR
1o 13T His,tagged Pfis DNA polymerase thy T ianudoud 97.5 e ey
1,2, 3,4, 5 6 7, 8 9 10 uag 23 ¥ neumstirlUasioaoy actvity Tuilffser PCR 1y
oulaifgnldandound118gnifuf 4 o ovemight noumsihluasivaoy activity oniu
wvlafit 23 vy Fagnii luassaey activity Tasviufindants Idanudou

A1SATIVADY activity tfu 1nseiisudeafunisnsinaey activity 1ude 234
Tasldien lasfigalianudeudunawandsiulnlfne s u

2.3.6 N3nIvaULsZANEMNWME PCR (PCR efficiency) vos3nandiinunioiulys)

His,-tagged Pfu DNA polymerase

"“;%ﬁy"lﬁgﬂafﬁ‘muvl%’ué’ﬂm Wang, et al. (1997) Tasiinmsdautlaadntios dioldl
ATl $35meiTanld A DNA (Fermentas) U5 150 ng 134 template Tutl§A3en pCR
TavldnmsufSeufonssn G asuduuunion el His, tagged Pfis DNA polymerase A4
Hums audou, Sneuduuus His, tagged P DNA polymerase Frunisiianwdou 23
¥4 U8E Pfi DNA polymerase 911 Promega Tums amplify PCR product ﬁﬁwmﬁw Al
(amplicon) 1AEATTISR 2.1 LAAIYA primer LAYAIWLIUFVIL primer A uns amplity 1014
amplicon AiUALANATIAUAS 0.5, 1,2, 5, 8, 10, 12 1Az 15 kb

1!§A%01 PCR 131105 50 1 1J3znousday | pl 99 A DNA (150 ng), 5 pl vo1 10X
reaction buffer (200 mM Tris-HCY, pH 8.8 at 25 °C, 100 mM KCl, 100 mM (NH,),SO,, 20 mM
MgSO0,, 1 mg/ml nuclegse-free BSA, 1% Triton X-100), 1 pl (10 uM) Y©4 primer uGiﬁ::ﬁ’J, 1ul
(10 mM) v84 dNTPs uaz 5 U voueulmiusazaiindaii 1dnd1iudadeiu Taodl thermal cycle
Swolld 82 95 °m wiv 20 SuAT; 20 38U VB4 94 % 5 Nnfl uaz 73 ° 2 WA 30 Tuadi; uaz
awdne 73y Wunat 7w el fAse PCR Wi vaunud PCR product udswm 5 pl luus
armsvaasstagmimn un foufSuiivnlszAnTaminia PCR (PCR efficiency) @30 1%

agarose gel



10

A19137 2.1 40 primer MY UM IATI9T0VUL 58 ENENIMNIG PCR (PCR efficiency)

“?’é) primer AV AUDY primer

PfuEx.30350F 53-CCTGCTCTGCCGCTTCACGC-3

PfuEXL-0.5R (0.5 kb) 5-TCCGGATAAAAACGTCGATGACATTTGC-Y
PRuEXL-1R (1 kb) 5-GATGACGCATCCTCACGATAATATCCGG-Y
PfuEXL-2R (2 kb) 5-CCATGATTCAGTGTGCCCGTCTGG-3
PfubExL-35R (5 kb) 5-CGAACGTCGCGCAGAGAAACAGG-Y
PfuExL-8R (8 kb) 5-GCCTCGTITGCGTTTGTTTGCACG-3’
PfuExL-10R (10 kb) 5-GCACAGAAGCTATTATGCGTCCCCAGG-Y
PfuExL-12R (12 kb) 5-TCTTCCTCGTGCATCGAGCTATTCGG-¥
PfuEXL-15R (15 kb) 5 -CTTGTTCCTTTGCCGCGAGAATGG-3’

Y d g
237 M3ANMAN  (Crystallization) SneouDuuuneulsl His, tagged Pfu DNA
polymerase
:j =t = L3 o . Ha
Tunisanwaniu Saouuuuiieu bl His,-tagged Pfii DNA polymerase NUAY
] fret = = ] a
Wudu 15 uag 20 mgml IRgnusasemiiu 2 wiia awmsson Tsuneuntni luanedn
#18 non-heated His, tagged Pfu DNA polymerase #igmitliimsanndniui wasnnmiunis
a = o o & P
Glﬁusqmuaz concentrate {373 LAz INTHANII 10 heated His,tagged Pfu DNA polymerase 1
w ' o vV oa = 3 1Y ¥ = _ 0 o <
nanrum i iR uSand uaz concentrate 1Ay gnlinnuTouh 97.5 ‘o w30 Wk
' ° a =5 .
Aauwi llvhimsanwdn
= nﬁ,!} y :’, as 1 a’j = 3 a = ¥
Tunszurumsanwandiesduiu dediri 2 sia Ihh ldansanluaaiizae g
adanszfanszaisiiounnl 15 °¥ (crystallization screening) IHOMIAAIZ NI HOMTAN
= = ' a 9 . . . B Ao 1 o 3
wanuasTsiuunnsuiia  Tavldya  crystallization screening kit MASIMwilunsm
3 .
(commercial) a8 non-heated His,-tagged Pfic DNA polymerase vlﬁgﬂ screen 19 Uc],%‘lgﬂ kit The
Pegs (QIAGEN), Ozma PEG1K&4K, Ozma PEG8K& 10K, and CryO /1T (Emerald Biosystems),

whereas JBScreen HTS i, HTS I (JENA Bioscience); Index 116z High Throughput (HAMPTON



il

Research) @3 heated His,-tagged Pfu DNA polymerase vu 18 screen Tavld The Pegs
(QIAGEN); Ozma PEG1K&4K, Ozma PEG8K&I10K, WIZARD I, and CryO VI (Emerald
. & w ' Y 9 a .. . . H ¥
Biosystems) Tagniinaranana11d 1maiin Sitting drop, vapor diffusion uazyillayiy
19503119 ScreenMaker 96+8 crystallization screening robot (Innovadyne)
11991 optimization Y99 non-heated His,-tagged Pfiv DNA polymerase i leols
anzana 5 asaad B lumasuan 9
o =4 d . = =4 ) 4 d .
2.3.8 MUYy nenyliiy (Data collection) mnwaﬂﬂlmiﬂaummummﬂmu His,-
tagged Pfu DNA polymerase
o < o =2 = = o o .
MINVIDYADABITIFINHANYDY sﬂaummumauvlmu Hiss-tagged Pfu DNA
polymerase 1#@111iun1359 beamline BL13B1 # National Synchrotron Radiation Research Center
{NSRRC), Hsinchu, Taiwan Tmmﬁﬂﬁjaﬂﬂiﬁuuﬁmé’ugﬂﬁﬂ (mounting) JUBIIN mother
. 9 1 . . rd
liquid A ceryoloop (Hampton) ud8e 1 Tu crvosolution (mother tiquor i 20% glycerol)
o A o t o 1 o '
NUR l‘ﬂunﬁ‘]ll'i$l.|']ﬂl 2-3 U NOUMITUTOUDYTITINT T (flash-cooled) 1”1“1@]3&%1411’7?1??1@3«!
vilUaadauy beamtine Afinszuelulasinumalguugi 100 K lvaruaasnnauieMnim
c.’. (1 < =Y < L4 g g ¥
dunnndnaasanalvuszimsnudeyanansd  Tdsunsuildlumaniuqumnnudaya
A = S5 L3 <
#0 Tusunsy Blulee 4 10l ADSC Quantum-315 CCD detector iiugUnTains1uinudayans
. . o R = Y o . . o . 4 '
diffeaction ¥eudnasdlandn  JoyaN maximum resolution I4 3.0 A griAUNITUsUN
59N crystal U detector (A 450 mm Taafinsvyuninnn 1° (1° osciltation) Tunn 9 60

. ¥ Ed
Furh sz ldsesuiadu 180°



PN 3

pamvataznsondiana

3.1 M1slnaudu DNA polymerase 910 P. furiosus
31AM3MG§A01 PCR (iWo amplify 84 DNA polymerase 916 genomic DNA %84 P.
¥ ¥ 1 + .
3/ . v @ = . = o i =
Jfuriosus Tanld primer 4 2 AU 70 1A 1 nd_lu primer 71303 restriction sites 1t AN 2
I . A Lo . ' % et = ¥
(11 primer N1 restriction sites WU 1@ PCR product Afauaszing 2.37 kb iiosnms iy
= ] 3 A = =t 1 = a a ' A d
primer 1¥AY 2 M1U F1010AA0IAMSH primer wafl 2 Swadwonnadivinlud iy
restriction site 349119 primer AUN1 template 1ahineoanTo lunsoiuniy (z‘ﬂﬁ 3.11) uatilold
& [ & ¥ o - kY aaa PR . a =1
#1 nested PCR nanfe 1aitima# 1Rand§iSen PCR MiAn1n primer 1ymfil 3 uily emplate
Tunisv PCR InaiTauld primer sy 2 116 1R PCR product M1l restriction site Uilindaty
P P
u’j 3 a 4 - o =4 ¥ g/ 1 = o =
FHaresthaniuidesns modsz Timilums Tnauduil Whignaraiianniaesd GUn 3.19)
3 ar 1 1 o o« e
311 PCR product danangnlaawdignaradianniaed psys flmsosnuuulii
) v Fd '
His8-tag $11/218 N-torminus 40484 Pfu DNA polymerase fignTaauil Idiuiidouies sanis
1 DNA sequencing [fiansvaeaunugndesvesduign lnau wudt Bu Pfu DNA polymerase
- 1 L= u’: Y o 1 9/ =t o
fignTnaurhdguaraiia psys vu fidduwmmiewivbuduiuun ldunngudeyannddu

119 (GenBank Accession No, D12983)

3.2 PIHIN (Expression) %ﬂeuﬁamuﬁmﬂmﬁ His,-tagged Pfu DNA polymeraseclu E. coli
HamseansanutiuuLtou lisneutunuy Hiss-tagged Pfu DNA polymerase 4141
591 (small-scale expression) TWE coli2 mtaﬁu'ﬁf 1D Rosetta (DE3) pLysS (gﬂﬁ 3.2) Uay BL21-

Codonplus (DE3)-RIL (3U# 3.3) #u mseaasnauduuuieu 11y Rosetta (DE3) pLysS

'
s =1

v d T A P -0 = = = 3
F15UR 3.2 uaaaldisiudn msmilonhi 25 *a, 18 v (3UR 3.2: lane 8) IMTWARZINNINIS

2
) .
i

=

a . ° . dy as ~ 1 = 4 o o i
Wiloii 37 "1, 5 v (UA 3.2: lane 10) HBNVINL GINVBAN Saauduuuieu liana

U'l 1 =y @ . = = =t s = £ E:J Y o =
signuanmuludesien lilinsmilend U7 3.2: 1anes 7 uaz 9) FeiliMuds AT

lumsaaunu T7 promoter NANTIWBY E. coli AW Roseita (DE3) pLysS A 1umanTafu
3/ a A a a o a = o
Sy 1inmsHanIaaIRoudiuuiiou 1ai1as BL21-Codonplus (DE3)-RIL #431/#1 3.3 azmu
134 finswdataeudunuriionlsl Tudedaiihilnsmisnide (U 3.4: lanes 7 uaz
A v v '
9) Gauaaaliiu £ coli mewug BL21-Codonplus (DE3)-RIL 1A 11190AIUAM T7 promoter
1AW Rosetta (DE3) pLyss  eielsiaw wuderdunisnansroutinmmionlzdly
= oA = I'd a = '
Rosetta (DE3) pLysS, BL21-Codonplus (DE3)-RIL san3neuiuuuiion leilulfinaiganh

& o et ° 4 o o} a
dislimsmiioarii 25 o (T 18 ¥ (U 3.4: lanes 8 uay 10)



t3

{ioanInmInaafigendt (U3suiey lane 8 Ty U9 32 uay 3.3) uazmiInluay 17
Aot = ~ E S w 4
promoter NART (USHUIALY lane 7 116 JUTN 3.2 uaz 3.3) E coli 810U Rosetta (DE3) pLysS
= o = a 2 ki b = ,d?’
wasmamtonhi 25 ‘v unm 18 v gadenlFlunssdalusnafiluaiy (scale-up)
! ¥ e ~ P ) a 2
wialh Idiou TS aoutuuun Hiss-tagged Pfic DNA polymerase USiamnn waldlums

A
NARTIOU 9

u}

2.5kb

235kb 2.0 kb

2.0kb

-4237 kb

gﬂﬁ 3.1 PCR product ﬁ"lé’fmnmﬂ%’ primer AR 9 Aijald Genomic DNA 910 P, Sfuriosus
i template Tﬂuiugﬂ (0) Lane L: 1 kb Marker; Lane 2: Primer 169 1; Lane 3: Primer (4#2 (8%

gﬂ(w) fD Nested PCR 9103 14 PCR product 971 lane 2 ﬂlﬂgﬂ {(n r'flu temnplate Tayls primer

LR

a d = c:
3.3 M3 neutiuumsiion lual His,-tagged Pfu DNA polymerase 1¥13gnE (Purification)
a = = ' o« a =
nAMsNiIaoniinuuion el His,tageed Pfic DNA polymerase IMUTgMIRIBISUU
¥
on 1A AKTAXpress Purification System 103 Ni°* column Wudusouusniumsily
) = = e o g [V 2+ o
VTGN UazaInHanI ThAand wud snenduturion ol awiredudy N column 14 49
i I T AP = 4 a ey
Wumsdagldmunsaenduuwiiey led His,-tagged Pfu DNA polymerase U1 His,-tag ﬂi']ﬂ{]
= s 4 4 a Q’: ¥ . .
e N-terminus 7 ldsnvnwaaia anriweon Tl & u desalting, anion exchange and gel
filtration column TAY purification profile "lsé’ﬁmm“mugﬂﬁ 34
A o P < 1 a . @ =
{lofinisanz Ui 3.4 sxiudn wAe9n gel filration column tov st 1&g nusnesnidlu
- - ' ] ' ¢ r P v A=
04 peak D peak HiAnIINRBgAUMD Fartazilueulanid il aggregate 1z peak nAafAT

v o = N I . P
wm‘lmg °])’~3L'1cj1.l peak ﬂlﬂﬁiﬂﬂi\l‘ﬂlkﬂu‘ﬂl'@u%“ﬁh Hlss-tagged Pfu DNA polymerase 'ﬂulllﬁﬂ']ﬁ'
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'
4 L] S

¥ ¥ 1)
. o | A r
aggregate 1aY fraction v0aeu tal luawiinuiombunswdunaz 1 lunsneassdy q

£

&
= =

Tumends Tugih 3.5 WuaaemsasvasuanuuSgnivouonulunidie SDS-polyacrytamide

q

L= a 5 w1 @ o = s o o= =y
gel wazAnuwen ldanuuSgmilussiuiiimanels vimnmsiadsinaldsfuiivSgns

&2 wu i Ty yield fy 38 mg/L

gﬂﬁ 3.2 wamsnansaouduuuiow oyl His tagged Pfii DNA polymerase Ao (small-
scale) W E coli maﬁuﬁ' Rosetta (DE3) pLysS mﬂmﬁmm:ﬁ?{’m SDS-PAGE Lane 1: Low-
range protein molecular weight marker; Lane 2: Control*; Lane 3: pellet ﬂWﬂL“ﬁaﬁﬂiﬁﬁmi
mﬁmﬂw (uninduced cell pellet}** at 23 °C; Lane 4: pellet Mﬂlﬁﬁaf‘{ﬁﬁﬂﬁm‘dUJﬁW {induced cell
pelle)*** Tt 25 °C; Lane 5: pellet 9101%ad5 1iimMsHile11 (uninduced cell pellen)™ i 37 °C
Lane 6: pellet 91iad AEINITMToNI (induced cell peliety*** # 37 °C; Lane 7: daufinzaneld
D df BTN smioni1 (uninduced soluble)” # 25 °C: Lane 8: daufiazanld smwadidl
MSIMTIONT (induced soluble)”™ # 25 °C; Lane 9: daufinzmiv’ld vinwadh lidnsmiloni
(uninduced soluble)” T 37 °C; Lane 10: drufiazawld snwadiiinismionh (induced

soluble)”™ #1 37 °C.

G

1 1 [
* A NIMuRNYNINUIUBITYINTENIN A,

=0.6 1a0lsiinsAuans

J

a 1

a’: e ‘::J ] at =y o a 1 (= —_ .
** L‘:]iﬁaﬂ&’ﬂuﬂ‘ﬂllﬂ'lﬂﬁ{lﬁﬂﬂulﬂﬂﬁ\‘l%1ﬂLﬁJiﬂJuﬂ1Jﬂ3$TNM A= 0.6 Lmklmmmﬂumm

s adnanuafifinismiionidoe tmM PTG niaaneiyaunsefiall A, =06
1 ¥ 1 ¢
" Supernatant MN¥ARATNITIALAE Tnd AT yaunseall A, = 0.6 ualifinsmilonih

{ ca £ o ¥ o = a
" Supernatants NIM3MiENIAW LmM IPTG 1A NRTounTENall A, = 0.6



gﬂ‘ﬁ 3.3 wanisaAntaouduuyieu v His,-tagged Pfi DNA polymerase SO (small-
scale) 141 E. coli M8WU3 BL21-Codonplus (DE3)-RIL 30M3HASIEHA SDS-PAGE Tay

Aefvomilsuiudugdii 3.2

3.4 11577 relative DNA polymerase activity Yooy laai

17U 3.6 war 3R 19 Qumamean ) Fasiusasinnisda relative DNA polymerase
activity 1aun15iAguR 1T YY89 PCR product band (band intensity) ﬁ‘lﬁmﬂﬂﬁﬁ?m PCR 10
ToulaniSnoutuuuyl His,tagged Pfiu DNA polymerase Frantuaudsed foudumsld
tou legsl Pfu DNA polymerase 210UTIN Promega 11,11]55?01 PCR ﬁﬁmﬂ%’wmﬁﬁﬂ pVLN1
3 termplate WL L‘f}@&l% 0.2 pg Y84 His,-tagged Pfie DNA polymerase (lane 2) Ml lasn
ANUEUYD4 band (4 2 111%89 band Vd;ulﬁmﬂﬂlﬂ% 3 U 999 Promega Pfu DNA polymerase
{lane 7) w‘ﬁ'anﬁnﬁﬂﬁwﬁaﬁa 0.2 pug %09 His,tagged Pfu DNA polymerase {i relative DNA

A 9 é 1
polymerase i 6 U uia 30,000 Ulmg protein (Qmimmmiumﬂwufm ) ¥4 polymerase

¥
=1

activity  HIALA A afoufostuafldnnindiety 9 fuasitunuds  ndnde
polymerase activity Y93 Pfiu DNA polymerase ﬁﬂﬁﬂiﬂﬂﬁi&mﬂ P. furiosus (VAU 31,713 U/mg
protein {Lundberg, et al., 1991), 210NNT HAAAIY baculovirus expression system MR 26,000
U/mg protein (Mroczkowski, er al., 1994), v ldnanaiiannned pETI1 HasHARLLY
native protein 14 E. coli 11101 22,500 U/mg protein (Lu and Erickson, 1997) Uag M3 1y
WaiiANReT pETI0 uazNAALUUN N-terminal Hisctag 14 £ cofi (iU 31,000 U/mg

protein (Dabrowski and Kur, 1998).
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- ~ 93 kDa

s
=

4 =y ot =Y .
510 3.5 anuusanivesou ledSnouliuus His tagged Pfu DNA polymerase fiufluwanin

k]
s

o o = ar e - L4
AU lduSansaessunsa Tulid AKTAXpress system 90MIIAIIZHAI SDS-

1

Q

PAGE Lane |: Board-range protein molecular weight marker; Lanes 2-9: protein fraction Apnm

'

THUTani01n peak vasnTywIAlnann

15kb

1.0 kb -4 ~1.15kb

3Uf 3.6 HaNT3 37 relative DNA polymerase activity vouiaw lmiinondunun His, tagged Pfi
DNA polymerase #as91nnszummsiIfusgnidsossuudalud@ Lane 1: 1 kb marker;
Lanes 2-6: ﬂ?mmxau"lmﬂm% 0.2,04,08,1.2, 1.6 pg A1UAALY; Lane 7: 3 U %94 Promega Pfu

= =) ] aaa
DNA polymerase; Lane 8: Control a1 liifimislden lxiila o adldhnlgffer per
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A d
3.5 M3ANHIATINNUNIUABA T 0U (Thermostability) Yassaoudiuuumienlysi His,-tagged
Pfu DNA polymerase
[ . o = o .
HRMIADEINIIMNUMUABANUSBU (thermostability) YBupH lamisAauiiuuy Hiss-
3 1
tagged Pfu DNA polymerase 1 1o lwafldgnTinnudoudi 075 "y iflunannu 1,2, 3,4, 5,
' E - Qas 4 =
6,7, 8,9, 10 uaz 23 ¥ noumsih llas19aoy activity Tul§Aser pCR lauanalugli 3.7
oy = o 4 a
TAg1nHENISNARBIWLI SABNTUUUIOW 3] His-tagged Pfu DNA polymerase J4A9NUNTY
o vy woow ¥ w < - 4 o =
parenuisonau ldudndwinms anudeugauilunanauuinds 23 v gutunaiiuin

= g 3 Y = o :!y
fganidlumsmageumimuanuioulunuidsil

1 2 3 4 5 678 9 10 11 12 13 14

-4 ~1.15kb

s 3.7 mamsAnmanununaeanuiou  (Thermostability) vouen lxiiaouduwui
His8-tagged Pfit DNA polymerase Tﬂmau"lmﬁqﬂiﬁmm%’auﬁ 97.5 oy rﬂunm 0,1,2,3,4,5,
6,7,8,9, 10 402 23 ¥ (lane 2-13 1wy newti1 119 ulgAse PCR Lane 1: 1 kb markes;

Lane 14: control ("lajﬁmﬂdmull‘fhﬁﬁlﬂ 9 aa"lﬂ“luﬂﬁﬁ%‘m PCR)

3.6 M3AsI9@eUY 5T NN NN PCR (PCR efficiency) vod3nouDuuuniow sl His, tagged
Pfu DNA polymerase
= ¢ d 1 A 3 . roas =t

pantinaaedluglf 3.8 uaaddiviud Weldailums extension i Snou

Turiuviion ol His,tagged Pf DNA polymerase /11134150 amplify PCR product 1A6129u3 15
=1 . 94 =2 ] o’: ) ] :!v ¥ o

kb Tuamei Promega Pfu DNA polymerase U130 amplify A7 8 kb tviniu Fariay vy
1 Tnoudunuiionlad Histagged P DNA polymerase Nnan lnosuddoll Hsydniam

4 PCR (PCR efficiency) QQﬂfh commercial Promega Pfu DNA polymerase (L?JLI native form ¥
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a) b)
Hisg-tagged Pfu Promega Pfu

1 23 456 78 91234567 829

- - U S

051 2 5 8101215 051 2 5 8 10 12 15 kb
= =t o o . b a o
3l 3.8 wamsnSoufeutszAmSamma PCR (PCR efficiency) voueu laninouduuu
His8-tagged Pfu DNA polymerase {N) iU commercial Promega Pfi DNA polymerase (1) Lane 1:
| kb marker; Lanes 2-9: amplicon #¥11# 0.5, 1, 2, 5, 8, 10, 12 ag 15 kb mud1Ay (@uny

) ¢ ] . =t 1 <
AMUBWYBIFUMWUTAIVLIAYDIAAE amplicon TagiinuyuTlu kb)

05 1 2 5 8 10 12 15 kb
sU# 3.9 wamsAs9UsEANEAINNIY PCR (PCR efficiency) voewlaaiSnoudunuyi His,-

tagged Pfu DNA polymerase fiHiumsitanuiou 23 vy Taodesuiumieuduiugili 3.8
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QAARANINIA P, furiosus Tawn3d) lasmsninouSuduiiowtsnl His,tagged Pz DNA
polymerase 3 PCR efficiency qaﬂiinfu piioannan His,tag waznsasil IuRML1ANS
Tdwaaiia psys Aladmanomailgnsovoseulmifild susi I PCR efficiency Wiy
at1elsfan ﬂi’f@ﬂmuﬁgmﬁyﬁq"higﬂﬁq%ﬁiw?amﬂmmﬂaaﬂﬂ 9

MNMINATOY  PCR  efficiency vodSnouiiumuvioulyyl Hisctagged Pfc DNA
polymerase umsTianudon 23 oy @Gadunmiuigelumshinmsiiadoutu
1330t walugui 3.9 Wueaalfifiui oulslannse amplify POR product Idonfafieq
uf 5 kb oinfu dearfouldiheimsinudounnion s TaintHou sl dgapde

U5z INTA K (efficiency) 1nadu 'l

=% = 7
3.7 msandan (Crystallization) Snendmanielyl His,~tagged Pfu DNA polymerase
#117U non-heated His,-tagged Pfu DNA polymerase anzitizuAmsaaein
{crystallization condition) 1AM crystallization screening "lé’uﬁmiumiﬁﬁ 3.1 (g\mwwﬁﬂ

Tuzi# 18 Tumarun #) wazoemsi 3.1 awmuldh anzduingdsznoudninds

1 ¥
]

uag PEG Hlldmiin Tuanauazanududuegugie 200 - 20,000 uaz 10 - 50% awdwy Tae
anmgfigninafinsandfievhins crystallization optimization #i6 OZMA S8K10K: G7, OZMA
IK4K: A7, and Cry0 VII: G3 (nwvaawanuansluglfl 3100 Tavdnauvesssazawile
MY crystallization optimization laiaaa 1 lumaruan 1 Tan &8 sdedhy OPT7, OPTY ifag
OPT10 MuaaurauiFuAuv8adn1IE CryO VIl G3, OZMA 1K4K: A7 192 OZMA 8K10K: G7
ANARD Wan13MN1T optimization WU single crystal $WNINTINTN1IZ OPTI-F6 s
Ta0nmisedonTasnsidonsmsluaniy 0ZMA 1K4K: A7 [30% (w/v) PEG1000, 200 mM
Ammonium Phosphate (monobasic)] aelll 40% A28m351% 200 mM ammonium phosphate
(monobasic), a1 gavgdt 15 ° Taganududu TsAnsuduilldie 15 meml uazshsidiuuns
precipitant #D protein Ao 2:1 [protein:precipitant = 2:1] Ta Ugﬁﬁ 3.11 TAuanann single crystal
Y89 non-heated His,-tagged Pru DNA polymerase mnmsmaaqﬁﬁawu%ﬂdmﬂnzﬁmm:au
RONSANHANYDY non-heated His,-tagged Pfis DNA polymerase anaadiadutiy uandnn
3ief 8 thil Tay Goldman, er al. (1998)

113U heated His,-tagged Pfiu DNA  polymerase ﬁm’wﬁmm%uﬁﬂ_‘liﬁﬂﬂﬁﬂ
(crystallization condition) 91NN13M1 crystallization screening "lﬁsmﬂﬂumﬁwﬁ 32 (ﬂm‘WNﬁﬂ
Tugdfi 20 Tumamuan ) wazanmned 32 widin1dh aavzdwlnalszneudrunde

1ag PEG W15 molecular weight 814593 400 - 10,000 tazamdudu 10 - 25% v single
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crystal IiAeduluga1dz HTS I G3 Feilszneudis 10% wiv PEGS000, 100 mM sodium
acetate, and 50 mM magnesium acetate, qqu‘ﬁ 15 “ef, protein:precipitant = 2:1, Tasanu
Y W a A v dAava o , 4 o Y 3 o

WuduTdsauGuauinldfens 15 uaz 20 mgm! Gndaninnagnidannioulimanazney

=t bl 55} a r ES' =y U
301 TlsAudaduuazdildnnududulsiudanas 2 - 3 myml Tnuduiinnaznougninii

1
i=1

{WuTidsfudy 9 (protein impurity) iztunn) Taogdld 3.12 18uaaann single crystal vaq
heated His,-tagged Pfu DNA polymerase
3 3 G = =) s <« . E] 3
mymanuieunuIneuduuuieulesl His, tagged P DNA polymerase 913M1IH
4 a 1 - = .
conformation votou lxditaen 11 wu wWivuen Iassadiewuy “da» (“closed” conformation)
= . rdat o 4 o t
Tidulassadhasuu e (“opened” conformation) ¥3® linliRsansldsuRuIMT
A o 3 o Y 3 b a e *
niau Inves loop (loop movement) mflu“lﬂ Tuniansenudy mslianuiounudioga
af 5 A c; o Q . .
TdsaufanandaiiuTdsdunnuanudou srudlumsdidalusdutaoutu (protein impurity)
< .. & - i o 1 =t 1
Wnmalditlunzneu (precipitate)  FatianudhehlIdimsidasuudasdinangiinanoms
Panan Seorndlumeuaiihlianizyeamsiiantinuoa non-heated 1A heated His, tagged

Pfu DNA polymerase Lif AANEHU

3.8 mufutoyadnsisd (Data collection) 2pWANVaIIRouTinuUNBUlW His-tagged Pfu
DNA polymerase

FoyadnitR IR vnmIinm (diffract) uaasneTdvonAnues non-heated His,-tagged
Pfe DNA polymerase #TA7 resolution mnﬁqmﬁw 4 A Flduhsumannmsiteuss
Goldman, et al. (1998) Tavdaynfifiar resolution szvilozildmamIaraadievesliisiu
Sl 18eda T iwanintaziainid Tassada s duiidianuiudedelon

drudoyaidnisdi 18 siam (diffract) neruBnmisfyoindnad heated His,tagged
Pfu DNA polymerase AT resolution mﬂ*ﬁq‘ﬂ 3 A Faflugfiveniv1dlumsmInseadiaves
Iﬂ‘iauﬁ] 9 1ﬂ TAgWU Unit-cell parameters mmmﬁﬂﬁﬁuﬁu a=919 A, h=1268 A, ¢ =
88.4 A, o= 90.0°, f= 109.1° 4ag y=90.0° 7181 Matthew’s coefficient 111 2.64 A 'Da” unz

solvent content INIY 53.5% (v/v) 2UU¥DINBNMTUILU Monoclinic (ax il space group C2
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4 ; : ’ . o
A191971 3.1 @A RIMINZUANISANHAN (crystallization condition) A1 15 °% 117U non-heated

His,-tagged Pfu DNA polymerase

Screen name Well no.

Compositions

Ozma 8K10K AlD

20%(wiv) PEG 8000, 200 mM Ammonium sulfite

B4 20%(w/v) PEG 8000, 200 mM Lithium chleride

B12 20%(w/v) PEG 8000, 200 mM Magnesium sulfate

Cl12 20%(wiv) PEG 8000, 200 mM Sodium chioride

D3 20%(w/v) PEG 8000, 260 mM Sodium isothiocyanate

D9 20%(w/v) PEG 8009, 200 mM Sodium sulfate

E9 10%(w/v) PEG 10,000, 200 mM Ammonium sulfate

Fo 10%(w/v) PEG 10,000, 200 mM Magnesium chloride

G3 10%(w/v) PEG 10,000, 200 mM Potassium fluoride

G7* 10%(w/v) PEG 10,000, 50 mM Potassium phosphate (monobasic)

G8 10%(w/v) PEG 10,000, 200 mM Potassium sulfate

H9 10%(w/v) PEG 10,000, 200 mM Sodium sulfate

Ozma 1K4K AT* 30%(w/v} PEG 1000, 200 mM Potassium phosphate (monobasic)

Al2 30%(w/v) PEG 1000, 200 mM Calcium chloride

c7 30%(w/v) PEG 1000, 200 mM Potassium phosphate {monobasic)

C8 30%(w/v) PEG 1000, 200 mM Potassium sulfate

D% 30%(w/v) PEG 1000, 200 mM Sodium sulfate

E7 20%(w/v) PEG 4000, 200 mM Ammonium phosphate (monobasic)

Ell 20%(w/v} PEG 4000, 2060 mM Calcium acetate

Hj 20%(w/v) PEG 4000, 200 mM Sodium isothiocyanate

CryO I/11 C3 30% (v/v) PEG-400, CAPS pH 10.5, 0.5 M (NH4)2504, 10%

(v/v) glycerol

D2 40% (v/v) PEG-400, Tris pH 8.5, 0.2 M Li2504

Do 20% (v/v) PEG-300, Tris pH 8.5, 5% (w/v) PEG-8000, 10% (v/v)
glycerol

El 40% (v/v) 2-methyl-2,4-pentanediol cacodylate pH 6.5 5% (w/v)
PEG-8000

G3* 50% (v/v) PEG-200, Tris pH 7.0

H4

40% (v/v) 2-methyl-2,4-pentanediol, CHES pH 9.5

* Conditions which were considered for crystallization optimization
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TN 3.1 (D) aA1IZAMINZUANIANKAN (crystallization condition) 11 15 °¥ §1%31 non-

heated His -tagged Pfu DNA polymerase

Screen name Well no. Compasitions
The Pegs A3 0.1 M Sodium acetate pH 4.6, 30 %(v/v) PEG 400
Ad 0.1 M Sodium acetate pH 4.6, 25 %(v/v) PEG 550 MME
A5 0.1 M Sodium acetate pH 4.6, 25 %{w/v) PEG 1000
A6 0.1 M Sodium acetate pH 4.6, 25 %(w/v} PEG 2000 MME
CI 0.1 M Sodium acetate pH 4.6, 25 %o(w/v} PEG 3000
C2 0.1 M Seodium acetate pH 4.6, 25 %(w/v) PEG 4000
c3 0.1 M Sodium acetate pH 4.6 25 %(w/v) PEG 6000
C4 0.1 M Sodium acetate pH 4.6, 25 %(w/v) PEG 8000
s 0.1 M Sodium acetate pH 4.6, 20 %(w/v) PEG 10000
C6 0.1 M Sodium acetate pH 4.6, 15 %(w/v) PEG 20000
G8 0.2 M Magnesium sulfate, 20 %(w/v) PEG 3350
Gl 0.2 M Ammonium sulfate, 20 %(w/v) PEG 3350

H7 0.2 M Ammonium phosphate, 20 %{w/v) PEG 3350
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4 ' ' .
3199 3.2 AANETIMINZUNNITANHAN (crystallization condition) 71 15 "¥ 113U heated

His -tagged Pfu DNA polymerase

Screen name  Well no. Compositions

Ozma 8K10K  B1

20% w/v PEG 8000, 200 mM Diammonium tartrate

B7 20% wiv PEG 8000, 200 mM Lithium sulfate
C7 20% w/v PEG 8000, 100 mM Potassium phosphate (monobasic)
E4 10% w/v PEG 10000, 200 mM Ammonium formate
F3 10% w/v PEG 10000, 200 mM Lithium Acetate
G9 10% w/v PEG 10000, 200 mM Potassium thiocyanate
Gl1 10% w/v PEG 10000, 200 mM Sodium acetate
H3 10% w/v PEG 10000, 200 mM Sodium formate
H3 10% w/v PEG 10000, 200 mM Sodium isothiocyanate
Ozma 1IK4K - -
HTS X D11 20% wiv PEG 4000, 10% w/v Glycerol, 200 mM Magnesium sulfate
Ds 10% w/v PEG 4000, 10% wiv 2-Propanol, 100 mM Sodium citrate, pH 5.6
E3 22% wiv PEG 4000, 100 mM Sodium acetate, 200 mM Ammonium sulfate
E4 23% w/v PEG 4000, 100 mM Sodium ciirate, 200 mM Ammonium sulfate,
pH 5.6
Fi2 8% wiv PEG 8000, 200 mM Lithium Chloride, 50 mM Magnesium sulfate
G3* 10% w/v PEG 8000, 100 mM Sodium Acetate, 50 mM Magnesium Acetate

CryO I'll D5

25% (viv) 1,2-propanediol, phosphate-citrate pH 4.2, 5% (w/v) PEG 3000,
10% {v/v) Glycerol

The Pegs -

WIZARDs I'II B3
B7
C3
D7
D3
E8

10% (w/v} PEG 3000, imidazole pH 8.0, Lithium sulfate
20% (w/v) PEG 1000, Tris pH 7.0

0.4 M NaH2PO4 / 1.6 M K2HPO4, imidazole pH 8.0, NaCl

35% (v/v)} 2-methyi-2,4-pentanediol, Na/K phosphate pH 6.2
20% (w/v) PEG 3000, Acetate pH 4.5
10% (w/v) PEG 8000, Na/K phosphate pH 6.2, NaCl

Hampton HTP B6

.2 M Magnesium acetate tetrahydrate, 0.1 M Sodium cacodylate trihydrate
pH 6.5, 20% w/v PEG 8000

F10
HTS I E2

0.1 M MES pH 6.5, 12% w/v PEG 20000
12% (w/v) Ethanol, 4% (w/v) PEG 400, 100 mM Sodium acetate, pH 4.6

5 1
* . aanzil Inndasdndngafie

~

4
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gﬂ‘ﬁ 3.10 H#ANYDY non-heated His,tagged Pfu DNA polymerase #ldninnin crystalhization

screening Aan1zane q o n) OZMA 8K10K: G7, 4) OZMA 1K4K: A7 uag a) CryO I1: G3
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gﬂ‘ﬁ 3.11 A8 single crystal 493 non-heated His,-tagged Pfu DNA polymerase #ldan

optimization @113 OPTS-F6

Eﬂﬁ 3.12 @79873 single crystal U9 heated Hisg-tagged Pfv DNA polymerase #'1dn

optimization 101 HTS I: G3
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unagy

A os
agUnamside

=) 1 =% o 4 =
1. $1 Pfi DNA polymerase Idgninaudhgnaraiiannmes psys fiimsosnuuyliil

i3
~

His8-tag ﬁﬂaw N-terminus U840 Pfu DNA polymerase ﬁQﬂTﬂauu"lﬁzﬂuﬁﬁﬂu?aﬂ
A7UN1501 Nested PCR 108 primer 2 %A (ﬁﬂ ‘ljﬂﬁ 1 1udl uag ﬂgﬂ“?‘l 2 U restriction sites)
LAZHANIINY DNA sequencing WY1 U Pfu DNA polymerase ﬁgﬂiﬂﬂut%ﬁjwmﬁﬁﬂ pSYS
v fddumuemifousuiudunuui B udoyayad e

2. vinmsiSsunsnandasaouiuttieu laiineuduuus Hiss-tagged Pfiu DNA
polymerase YMIABDY (small-scale expression) MW E. coli2 TcT‘IEJﬁuﬁ: 7D Rosetta (DE3) pLysS thag
BL21-Codonplius (DE3)-RIL WUILNTINARA Pfi DNA polymerase mﬂﬁqﬂ‘lu E. coli Rosetta
(DE3) pLysS Fromamilonin 25 ‘e w18 v ua:annzf:"lﬁ’gmﬁaﬂi%’iumswﬁm“lusumﬂ
ﬁiﬁﬁlﬁ‘u (scale-up}

o

3. Smoutuuuiiiowlsy His-tagged Pfiu DNA polymerase QniNuTgnT 1Ao7
B9 Tuiia AKTAXpress Purification System waziillsau yield My 38 mg/L
TasnrwuSansveseuladegluszduiifliels uazmuzaudemsnnsdn

4. Relative DNA polymerase activity "1;5’1’%mnmﬂ‘%amﬁﬂumwm%’mm PCR product
band (band intensity) 71 1A91MIFATe1 PCR Hldhou lmaiSaeuiunuus His,tagged Pfu DNA
polymerase finanluamidoi sﬁﬂuﬁ'umﬂ%’mu"lcnﬁ Pru DNA polymerase IRUTEN Promega
w18 owlsfSneutiuuuy Hisotagged Pfir DNA polymerase U activity 30,000 Urmg
protein

= < a

5. Spouduunoulsyl His tagged P DNA polymerase {RfUNIN  LDZ

o ¥ Y @ ¥ ¥ 3 = £ g P P
punsavhan lduinaminm WManfeugadunanuinnia 23 vy sathiomnnange
==. 9 by X" ;
AlFlummmegeumsnuanuisuiuanuifvil

6. Saeutinuusiion lad His,-tagged Pfu DNA polymerase flszd@nTnwn1g PCR (PCR

] t 7 o
efficiency) §4n31 commercial Promega Pfiu DNA polymerase wazni anufeunniou T
W Tl IR ey orlss@nSnm (efficiency) Uiaan T
, o Yo 4 e 4w -y &

7. Single crystal 310 IdRadufian iy OPTY-F6 FalAnnnsiaivn lagmivoa

MIluan1ie OZMA 1K4K: A7 [30% (w/v) PEG1000, 200 mM Ammonium Phosphate

tmonobasic)] adll 40% #28m31% 200 mM ammonium phosphate (monobasic) Tuvaizh single
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crystal 'lﬁjiﬁmd}yuﬂluama: HTS I: G3 éaﬂﬁzﬂ@uﬁm 10% w/v PEGS8(00, 100 mM sodium
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tgtrattagg
G M I L D Vv D Y I T E E P Vv I R
ctattcaaaaaagagaacggaazatttaagatagagcatgatagaacttttagaccatac
L F K K E N G K ¥ K I E B D R T F R P ¥
atttacgctcttctcagggatgattcaaagattgaagaagttaagaaaataacggggygaa
! ¥ A L L R D D S K I E E V K K I T G E
aggcatggaaagatigtgagaattgtigatgtagagaaggttgagaaaaagtttctegge
R 4 ¢ XK I v R I v b Vv 8 K Vv E K K F L G
aagcctattaccgtgtggaaactttatttggaacatccccaagatgtteeccactattaga
K P I T VvV W K L Y L E H P Q D Vv P T I R
gazaaagttagagaacatccagcagttgtggacatcttcgaatacgatattccatttgea
F K vV R E H# P A vV Vv D I F E Y D I P F A
aagagatacctcatcgacaaaggcectaataccaatggagggggaagaagagctaaagatt
K R Y L I D X G L I P M E G E E E L K I
cttgccttcgatatagaaaccctctatcacgaaggagaagagtttggaaaaggcecaatt
L 2 F b I E T L Y H B G E E r G K G P I
ataatgattagttatgcagatgaaaatgaagcaaaggtgattacttggaaaaacatagat
I M I & ¥ A D E N E A K V I T W K N I D
cttccatacgttgaggttgtatcaagegagagagagatgataaagagatttctcaggatt
L P Y V E vV vV s 8 E R E M I K R F L R I
atcagggagaaggatcctgacattatagttacttataatggagactcattcgacttccca
I R E ¥ pb P D I I Vv T ¥ N G D s F D F P
tatttagcgaaaagggcagaaaaacttgggattaaattaaccattggaagagatggaage
Yy , A K R A E K L G I X L T I G- R D G S
gagcccaagatygcagagaataggcgatatgacggctgtagaagtcaagggaagaatacat
E P K M Q0 R I G DM TV E V K G R I H
ttcgacttgtatcatgtaataacaaggacaataaatcteccaacatacacactagaggcet
F p L Y H v I T R T I N L P T Y T L E A
gtatatgaagcaatttttggaaagccaaaggagaagygtatacgccgacgagatagcaaaa
vV Y E A I ¥ G K P K E K Vv Y A D E I A K
gcctgggaaagtggagagaaccttgagagagttgccaaatactcgatggaagatgcaaag
A W E S G E N L B R V A K Y s M E D A K
gcaacttatgaactcgggaaagaattccttccaatggaaattcagctttcaagattagtt
A T Y E L G K E F L P M E I Q L 8 R L V
ggacaacctttatgggatgtttcaaggtcaagcacagggaaccttgtagagtggttctta
G ¢ P L WDV $ R s 8 T GG WN L V E W F L
cttaggaaagcctacgaaagaaacgaagtagctccaaacaagccaagtgaagaggagtat
L. R K A Y E R N E V A P N K P 5§ E E E Y
caaagaaggctcagggagagctacacaggtggattcgttaaagagccagaaaaggggttg
Q R R L R E S ¥ T G G F V K E P E K G L
tgggaaaacatagtatacctagattttagagccctatatcectecgattataattacceac
W E N I Vv Y L D F R A L Y P 8 I I I T H
aatgtttctcccgatactctaaatettgagggatygcaagaactatgatatcgetecteaa
N v 8 P D T L N L E G C K N Y D I A P Q
gtaggccacaagttctgeaaggacatcectggttttataccaagtetettgggacatttyg
VvV G H K F C K D I P G F I P 5 L L G H L
ttagaggaaagacaaaagattaagacaaaaatgaaggaaactcaagatcctatagaaaaa
L E E R Q K I K T ¥ M X E T ¢ D P I E K
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atactccttgactatagacaaaaagcgataaaactcttageaaattcetitctacggatat
I L. L D Y R Q K A I K L L A N 8 F Y G Y
tatggctatgcaaaagcaagatggtactgtaaggagtgtgctgagagegttactgectygg
Y ¢ Y A K A R W Y C K E C & E 5§ V T A W
ggaagaaagtacatcgagttagtatggaaggagctcgaagaaaagtittggatttaaagte
& R K ¥ I E L Vv W K EBE I.L E E K F G F K V
ctctacattgacactgatggtctctatgcaactatccecaggaggagaaagtigaggaaata
L ¥y I p T D G L Y A T I P G G E S E E I
aagaaaaaggctctagaatttgtaaaatacataaattcaaagcectcectggactgctagag
K K K A L B F V K Y I N S K L P G L L E
cttgaatatgaagggttttataagaggggattcttegttacgaagaagaggtatgecagta
L E Y E ¢ F ¥ K R G F F V T K K R Y A V
atagatgaageaggaaaagtcattactcgtggtttagagatagttaggagagattggagt
I b0 E E G K VvV I T R G L E I VvV R R D W S8
gaaattgcaaaagaaactcaagctagagttttggagacaatactaaaacacggagatgtt
E I A K F T @ A R V L E T I L K H G D V
gaagaagctgtgagaatagtaaaagaagtaatacaaaagcttgccaattatgaaattcca
E E A V R I Vv K E Vv I ¢ K L A N Y E I P
ccagagaagctcgcaatatatgagecagataacaagaccattacatgagtataaggcegata
P E K L. 2 I Y E ¢ I T R P L H E Y K A I
gotcctcacgtagoctgttgcaaagaaactagctgctaaaggagttaaaataaagecagga
G P H V A V A K K L A A XK G V K I K P G
atggtaattggatacatagtacttagaggcgatggtccaattagcaatagggcaattcta
M VvV I ¢ ¥ I v L R G D G P I S5 N R A I L
gctgaggaatacgatcccaaaaagcacaagtatgacgcagaatattacattgagaaccag
A E E Y D P K K H K Y D A E Y Y I E N Q
gttcttecagecggtacttaggatattggagggatttggatacagaaaggaagaccteaga
vV L P A YV L R I L E G F G Y R K E D L R
taccaaaagacaagacaagtcggectaacttecctggettaacattaaaaaatectag

Yy 0 K T R ¢ vV 6 L T 8 W L N I X K § *
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M3AIMIUAT RELATIVE DNA POLYMERASE ACTIVITY
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MIAIIMAT relative DNA polymerase activity voaoulwaiSnaniluuyn His,tagged Pfu

DNA polymerase
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5UM 19 A7Uu03 DNA band (M130: arbitrary unit) 118910519 11/51053 Quantity One®
Software 1ASAUAYUY lane 2 UAZ lane 8 UHALAINIIMUITUYD DNA band fialdf 0.2 {g vog
wy vl reuiuuuy His,-tagged Pfu DNA polymerase 1402 3 U Y93 commercial Promega Ffis

DNA polymerase ALARU
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0OZMA 1K4K: H

The Pegs: AS

OZMA 1K4K: E11 Cryo I11: Al

The Pegs: A4 OZMA 1K4K: EX2

0OZMA 8K10K: B4

sUf 18 dretundnueslysAusila non-heated His, tagged P DNA polymerase 9118910

AN1ITA 9 DINATN crystallization screening
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OZMA 8K10K: F3 OZMA S8K10K: G11

HTSTI: F12 : HTS L D11

CryO I1I: D5 0ZMA SKI10K: G11

gﬂﬁ 20 fa061aNanvae TUsAUYIA heated His-tagged Pfi DNA polymerase fildvinanne

AN ] 9INN15¥1 crystailization screening
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A15191 19 TIuRENUeImITaza1elun1st crystallization optimization 210AN1IE OPTT

(Aaudasnananiziiudu Cry0 II: G3)

Name Formulation

OPT7-F1 50 % PEG200, 100 mM Tris HCI, pH 6.8
OPT7-F2 50 % PEG200, 100 mM Tris HC1, pH 6.9
OPT7-F3 50 % PEG200, 100 mM Tris HCL, pH 7.0
OPT7-F4 50 % PEG200, 100 mM Tris HCL pH 7.1
OPT7-F5 50 % PEG200, 100 mM Tris HCI, pH 7.2
QOPT7-F6 50 % PEG200, 100 mM Tris HCl, pH 7.3
OPT7-F7 45 % PEG200, 100 mM Tris HCI, pH 6.8
OPT7-F8 45 % PEG200, 100 mM Tris HCI, pH 6.9
OPT7-F9 45 % PEG200, 100 mM Tris HCl, pH 7.0
OPT7-F10 45 % PEG200, 100 mM Tris HCI, pH 7.1
OPT7-Flt 45 % PEG200, 100 mM Tris HCL, pH 7.2
OPT7-F12 45 % PEG200, 100 mM Tris HCI, pH 7.3
OPT7-F13 35 9% PEG200, 100 mM Tris HCIL, pH 6.8
OPT7-F14 35 % PEG200, 100 mM Tris HCI, pH 6.9
OPT7-F15 35 % PEG200, 100 mM Tris HC1, pH 7.0
OPT7-F16 35 9% PEG200, 100 mM Tris HCI, pH 7.1
OPT7-F17 35 % PEG200, 100 mM Tris HCI, pH 7.2

OPT7-F18 35 % PEG200, 100 mM Tris HCI, pH 7.3
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o °
M15199 29 @umauveamsazalumsm crystallization optimization 91naH1IZ OPTI

@andasnnnaniz3uAi Ozma 1K4K: A7)

Name Formulation

OPT9-F1 90 % of OPT9” with 200 mM ammonium phosphate (monobasic)
OPT9-F2 80 % of OPTY" with 200 mM ammeonium phosphate (monobasic)
OPT9-F3 70 % of OPT9® with 200 mM ammonium phosphate (monobasic)
OPT9-F4 60 % of OPT9” with 200 mM ammonium phosphate (monobasic)
OPT9-F5 50 % of OPT9® with 200 mM ammonium phosphate (monobasic)
OPT9-Fé 40 % of OPTY® with 200 mM ammonium phosphate (monobasic)
OPT9-F7 80 % of OPTY” with water
OPT9-F8 70 % of OPT9" with water
OPTO9-F9 60 % of OPT9® with water
OPT9-F10 50 % of OPTS" witﬁ water
OPT9-FI1 40 % of OPT9* with water
OPT9-F12 90 % of OPTY" with water

*OPT9 contains 30 % PEG1000 and 200 mM ammonium phosphate (monobasic)

@15197 39 aauanvatasaza1wlunism crystallization optimization 910@0 12 OPT10

@amlanoinanziiudu Ozma 8K10K: G7)

Name Formulation

OPT10-F1 90 % of OPT10° with 50 mM potassium phosphate (monobasic)
OPT10-F2 80 % of OPT10" with 50 mM potassium phosphate (monobasic)
OPT10-F3 70 % of OPT10° with 50 mM potassium phosphate (monobasic)
OPTI10-F4 60 % of OPT10" with 50 mM potassium phosphate (monobasic)
OPT10-F5 50 % of OPT10° with 50 mM potassium phosphate (monobasic)

OPT10-F6 40 % of OPT10° with 50 mM potassium phosphate (monobasic)

*OPT10 contains 10 % PEG10,000 and 50 mM potassium phosphate (monobasic)
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Lorthongpanich, C., Laowtammathron, C., Muenthaisong, S., Vetchayan, T., Ketudat-Cairns, M.,
Likitdecharote, B. and Parnpai, R. (2004). In vitro development of enucleated domestic cat
oocytes reconstructed with skin fibroblasts of domestic and leopard cats. Reprod. Fert. Dev. 16:
149. ~

Kanchanatawee, S., Wanapu, C. and Ketudat-Cairns, M. (2000) Biotechnology Graduate Education in
Thailand. Thai J. of Biot 2 {1): 55-62

Carlini, L.E., M. Ketudat, R.L. Parsons, S. Prabhakar, R. J. Schmidt and M. J. Guiltinan (1999) The
maize bZIP protein orthologue of EmBP-1: Activation of gene expression in yeast from an O2 box
and localization of a bipartite nuclear localization signal (NLS}. Plant Molec. Biol.41: 339-349. (M.
Ketudat and L. Carlini are Co-first authors)

Ketudat-Cairns, M. (1998) Biotechnology and Daily Life. Suranaree J. Sci Techno! 5:208-211
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Regulating Gene Expression in Maize Endosperm. In Molecular Genetic Analysis of Plant
Metabolism and Development (G. Coruzzi and P. Puigdomenech, eds.) NATO ASI Proceedings
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the 22- and 27-kD zein promoters affect transactivation by the Opaque-2 protein. Plant Cell
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Paper Presented at National and International Conferences

Kupradit, C., Charoenrat, T, and Ketudat-Cairns, M. Bovine Enterokinase light chain production
(Oral presentation ) The 2™ International Conference on “Fermentation Technology for Value
Added Agricultural Products” 23-25 May 2007 Khon Kaen, Thailand,

Nakphaichit, M., Ketudat-Cairns, J. and Ketudat-Cairns, M. Characterization of 3-glucosidase from
rice SFR2 gene (Oral presentation } The annual meeting of science and technology master
research grant Thailand Research Fund 20-22 April 2007 Chonburi Thailand

Nakphaichit, M., Opassiri, R., Akiyama, T. and Ketudat-Cairns, M. Expression of rice f-
glucosidase in bacteria, yeast and plant cell. (Oral presentation ) The KMITL International
Conference on Integration of Science and Technology for Sustainable Development (ICIST)
“Biological Diversity, Food and Agricultural Technology” April, 26-27, 2007 Bangkok,
Thailand
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Kumpong, O. and Ketudat-Carins, M. Cloning of Nile tilapia (Oreochromis niloticus)
Transglutaminase cDNA (Oral presentation ) The 1t™ Biological Science Graduate Congress,
15-17 December 2006 Bangkoek Thailand

Wanthanalert, W. and Ketudat-Carins, M. Double Recombination in pHELLSGATE 8§ RNAI
Vector. (Poster presentation ) The 11" Biological Science Graduate Congress, 15-17 December
2006 Bangkok Thatiland

Srirattana, K., Lorthongpanich, C., Imsoonthomruksa, S., Sripunya, N., Thangthai, C.,
Laowtammathron, C., Ketudat-Cairns, M., and Parnpai, R. Effect of donor cell types on
development of cloned swamp buffalo (bubalus bubalis) and bovine (bos taurus) embryos
(Poster presentation) The 3" Asian Reproductive Biotechnology Conference 29 Nov- 3 Dec
2006 Hano1, Vietnam

Lorthongpanich, C., Srirattana, K., Imsoonthornruksa, S., Sripunya, N., Laowtammathron, C., Somsa,
W, Kongsila, A., Kretapol, K., Ketudat-Cairns, M., and Parnpai, R. Development of
interspecies cloned long tailed monkey (macaca fascicularis) embryos after reconstructed with
bovine enucleated oocyte and culturing in different condition (Poster presentation) The 3™ Asian
Reproductive Biotechnology Conference 29 Nov- 3 Dec 2006 Hanoi, Vietnam

Imsoonthornruksa, S, Lorthongpanich, C., Srirattana, K., Sripunya, N., Laowtammathron, C.,
Tunwattana,, W., Somsa, W, Kongkham, W, Kretapol, K., Ketudat-Cairns, M., and Pampai,
R. Dedifferentiation of marbled cat (pardofelis marmorata) nuclei after reconstructed with
enucleated domestic cat and bovine oocytes (Poster presentation) The 3™ Asian Reproductive
Biotechnology Conference 29 Nov- 3 Dec 2006 Hanoi, Vietnam Received Excellent Poster
Award

Charoenrat, T., S-O., Enfors and Ketudat-Cairns, M. Increased Oxygen Transfer Enhanced
Recombinant Protein Production in Pichia pastoris Processes (Oral Presentation)Proceeding of
the 18" Thai Society for Biotechnology Annual meeting 2-3 Nov 2006, Bangkok, Thailand

Loonchanta, A., Chumnarnsilpa, S., Robinson, R., and Ketudat-Cairns, M. Cloning and Expression
of Archaeon Pyrococcus furiosus Thermostable DNA Polymerase in Escherichia coli (Poster
Presentation) Proceeding of the 18® Thai Society for Biotechnology Annual meeting 2-3 Nov
2006, Bangkok, Thailand

Lorthongpanich, C., Laowtarnmathron, C., Somsa, W, Kongsila, A., Kretapol, K., Ketudat-Cairns, M.,
and Parnpai, R. In vitro Development of [ISCNT Produced Long Tailed Monkey (Macaca

fascicularis) Embryos (Poster presentation) Proceeding of the 18” Thai Society for Biotechnology
Annual meeting 2-3 Nov 2006, Bangkok, Thailand
Kupradit, C. and Ketudat-Cairns, M Buffalo Enterokinase Light Chain Cloning (oral Presentation)
The 6™ National Symposium on Graduate Research, Chulalongkorn University Bangkok,
Thailand 23-24 Oct 2006
Nakphaichit, M. and Ketudat-Cairns, M Lack of Expression of Recombinant Rice B-Glucosidase
SFR2 in Escherichia coli (Poster Presentation) The 6™ National Symposium on Graduate
Research, Chulalongkornt University Bangkok, Thailand 23-24 Oct 2006

Pampai, R., Muenthaisong, S., Suteevan, T., Na-Chiangmai, A., Laowtammathom, C., Lorthongpanich,
C., Sanghuayphrai, N., and Ketudat-Cairns, M. Productions of Swamp Buffalo Embryos:
Comparison of in vitro Fertilization and Somatic Cell Nuclear Transfer Techniques. (Oral
presentation) The 5th Asian Buffalo Congress on Social Economic Contribution of Buffalo to
Rural Areas. 18-22 April 2006 Nanning, China

Sang-Ngam, C., Imsoonthornraksa, S., Thangthai, C., Srirattana, K., Tunwattana, W_., Muenthaisong,
S., Laowtammathorn, C., Lorthongpanich, C., Ketudat-Cairns, M. and Parnpai, R. Inter-Species
Nuclear Transfer Using Female and Male Guar (Bos Gaurus) Skin Fibroblasts Reconstructed
with Enucleated Bovine Qocytes. (Poster presentation) The 2™ Asian Reproductive
Biotechnology Conference “Innovation for Life” 2-7 November 2005 Bangkok, Thailand

Charoenrat, T., Ketudat-Cairns, M., Jahic, M., Enfors, S.-O. and Veide, A. (2005) Comparison of
novel type Streamline Direct CST1 adsorbent with Streamline SP for recovery of recombinant b-
glucosidase from Pichia pastoris high cell density culture broth. (Poster presentation) The 13®
International Conference on Biopartitioning and Purification (BPP2005) During June 20 - 24,
2005 at Amsterdam, Netherland.
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Charoenrat, T., Ketudat-Cairns, M., Enfors, $.-0. and Veide, A. Recombinant OGlucosidase
Production by Pichia pastoris and Recovery by Expanded Bed Adsorption (Poster presentation) 1%
International Conference on Fermentation Technology for Value Added Agricultural products 22-
25 March 2005 Khon Kaen University Thailand

Charoenrat, T., Enfors 5.-O_, Jahic M., Ketudat-Cairns M. and Veide A. (2004). Recombinant b-
glucosidase Production in Pichia pastoris and Recovery by Expanded Bed Adsorption. (poster
presentation). The Swedish Forest Biotechnology Conference (SFBC). 11-12 November, 2004,
Stockholm, Sweden

Ketudat-Cairns JR, Opassiri R, Chantarangsee M, Cheunchor W, Onkoksoong T, Pomthong B,
Akiyama T, Ketudat-Cairns M, Svasti J (2004) Molecular and enzymatic characterization of
C-glycosidases from rice, Oryza sativa L. (invited lecture) 17" FAOBMB Symposium / 2™
IUBMB Special Meeting /A-IMBN Meeting on Genomics and Health in the 21st Century,
Bangkok, Thailand, 22-26 November, 2004. Presentation IL-C2.

Ketudat-Cairns JR, Opassiri R, Ketudat-Cairns M, Chantarangsee M, Cheunchor W, Onkoksoong T,
Pomthong B (2004) Investigation of rice beta-glycosidase gene functiens. (invited lecture) First
International Conference on Rice for the Future, Kasetsart University, Bangkok, Thailand 31
August-3, Sept., 2004. Proceedings pg. 106.

Opassiri R, Chuankhayan P, Chantarangsee M, Chuenchor W, Onkoksoong T, Mothong N, Pomthong
B, Metheenuknl P, Kontong T, Ketudat-Cairns M, Toonkool P, Akiyama T, Svasti J, Ketudat
Cairns JR (2004) Expanding the repertoire of 0-glycosidases with Dalbergia nigrescens and rice
enzymes. {invited lecture) Joint Senior Research Scholar Meeting “Integration of Biological
Science, Protein Chemistry and Medicine. Mahidol University, Bangkok, Thailand, 14-15 Sept.,
2004. Proceedings pg. 8.

Ketudat-Cairns JR, Opassiri R, Ketudat-Cairns M, Chantrarangsee M, Onkoksoong T, Chuenchor
W, Akiyama T, Svasti J (2004) Functional genomics of rice beta-glycosidase genes. (poster
presentation) The Fifth Princess Chulabhom International Science Congress: Evolving Genetics
and its Global Impact. Bangkok, Thailand 16-20 August, 2004. Proceeding Volume II PJ-07, pg
144,

Singhapol, C. and Ketudat-Cairns, M. {2004} Genetic Characterization of Thai Native Fowl
(Gallus gallus domesticus) Based on Microsatellite Polymorphism Proceeding of the 15" Thai
Society for Biotechnology Annual meeting Feb 4-6", Chaing Mai, Thailand

Charoenrat, T., M. Jahic, H. Stendahl-Andersen, S-O., Enfors and Ketudat-Cairns (2004)
Recombinant O-glucosidase production by Pichia pastoris: The effect of temperature
Proceeding of the 15® Thai Society for Biotechnology Annual meeting Feb 4-6, Chaing Mai,
Thailand

Singhapol, C. and Ketudat-Cairns, M. (2003) Microsarellite Polymorphism in Thai Native Fowl
(Gallus gallus domesticus) Proceeding of the 10® Tri-University International Joint Seminar &
Symposium 2003, Role of Asia in the World, Oct. 18-21 Mie Univ,, Tsu, Mie, Japan

Charoenrat, T. and Ketudat-Cairns (2003) Influence of pH on Recombinant B-glucosidase
Production by Pichia pastoris Poster presentation BioThailand 2003 Technology for Life 17-20
July, Pattaya, Thailand

Loonchanta, A. and Ketudat-Cairns (2003} Primer Design for Amplification of Transglutaminase
Gene from Nile Tilapia (Oreochromis niloticus) Poster presentation BioThailand 2003
Technology for Life 17-20 July, Pattaya, Thailand

Singhapol, C. and Ketudat-Cairns, M. (2003) Microsarellite Polymorphism in Thai Native Fowl
(Gallus gallus domesticus).. Poster presentation BioThailand 2003 Technology for Life 17-20
July, Pattaya, Thailand
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Loonchanta, A., ChumnarnsilpaS., and Ketudat-Caims, M. (2002) Comparison of recombinant 3-

glucosidase production by Pichia pastoris in stirred and air-lift bioreactor. Proceeding the 14"
annual meeting of Thai Society for Biotechnology 13-15 Nov. Khonkan Thailand (Oral
presentation)

Srilunchang, K. and Ketudat-Cairns, M. (2002) The study of genetic relationship and moiecular
marker identification of SUT Dendrocalamus asper Proceeding the 14" annual meeting of Thai
Society for Biotechnology 13-15 Nov. Khonkan Thailand (poster presentation)

Manatrinon S., Na Lampang P., Likitdecharote B., Phalaraksh K., Ketudat-Cairns M. and
Duangjinda M. (2002) The Association of the Bovine Lymphocyte Antigen DRB3.2 (BoLA-
DRB3.2) Alleles with Occurrence of Clinical Mastitis in Dairy Cattle Proceeding the 14" annual
meeting of Thai Society for Biotechnology 13-15 Nov. Khonkan Thailand (Oral presentation)

Chumnamsilpa, S., Ketudat-Cairns, M. and Boonkerd, N. (2001) Growth kinetic of Saccharomyces
cerevisiae K1-V1116 and kiiler toxin production in wine making Poster presentation,

Biothailand, , 7-10 Nov, Queen Sirikit National Convention Center, Bangkok, Thailand

Srilunchang, K. and Ketudat-Cairns, M. (2001) The study of genetic relationship and molecular
marker identification of SUT Dendrocalamus asper Poster presentation, Biothailand, 7-10 Nov,
Queen Sirikit National Convention Center, Bangkok, Thailand

Srilunchang, K., Khumlert, R. and Ketudat-Cairns, M. (2001) The study of genetic relationship and
molecular marker identification of SUT Dendrocalamus asper. Poster presentation, Second
Graduate conference, Mahidol University, Bangkok

Ngamjun, P., Teaumroong, N., Boonkerd, N., and Ketudat-Cairns, M. (2000). Tilapia sex chromosome
identification DNA probe. First National Symposium on Grad-Research Chiang Mai University 10-
11 June 2000, P206-211.

Ngamjan, P., Boonanantanasarn, S. and Ketudat-Cairns, M. (1999) Tilapia Sex Chromosome
Identification using DNA Probe. Poster presentation, The 5" Asia-Pacific Biochemical Engineering
Conference, Phuket, Thailand

Ketudat-Cairns, M. Boonanantanasarn, S. and Ngamjan, P. (1998) Paper presentation The Development
of Tilapia Sex chromosome Identification System, Biotech forum, Biotechnology for Aguaculture
National Science and Technology Development Agency, Bangkok Thailand.

Ketudat-Cairns, M. (1996) Renovating Technologies for Crop Quality. Paper presentation, The Third
Asia-Pacific Conference on Agricultural Biotechnology: Issue and Choices, Prachuab Khirikhan,
Thailand

Ketudat-Cairns, M. and Schmidt, R. J. {1995) Functional Analyses of the Maize bZIP protein Opaque-
2. Paper presentation, Intemational Conference on Biotechnology Research and Applications for
Sustainable Development, Bangkok, Thailand

Parsons, R. L., Ketudat-Cairns, M., Pysh, L. D., and Schmidt, R. J. (1995) Opaque-2, OHP and OBP
Transcriptional Activator in Maize Endosperm. Poster presentation, The 37" Annual Maize Genetics
Conference, Pacific Grove, California, USA

Ketudat, M., and Schmidt, R. J. (1992) Analysis of Opaque-2 Function. Poster presentation, Molecular
Crop Agriculture for the Pacific Rim, University of California Davis, California, USA

Aukerman, M. J., Ketudat, M., Parsons, R. L., Pysh, L. D., and Schmidt, R. J. (1992) Analysis of the
DNA binding and Transcriptional Activation by the Maize bZIP Protein Opaque-2. Poster
presentation, The 34" Annual Maize Genetics Conference, Pacific Grove, California, USA

Ketudat, M., Parsons, R. L., Aukerman, M. J., Pysh, L. D., and Schmidt, R. J. (1991) Analysis of
Opaque-2 Function. Poster presentation, The Third International Society for Plant Molecular
Biology, Tucson, Arizona, USA

Ketudat, M., and Schmidt, R. J. (1991) Analysis of Opaque-2 Function. Presentation, The Third
International Society for Plant Molecular Biology, Tucson, Arizona, USA
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