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Acetate kinase(AK)= phosphotransferase (EC 2.7.2)°l &3}=
FARA ATPERE] acetyl phosphateE A33FALHEC 2.7.2.1)
acetyl phosphate=E] ATPE A8l HAG(EC 2.7.2.12)0 &
oshe 8 Fholth (1, 2, 3, 4). AKE F7 714 vAEY
AU oNAN F83 G8S T ACE deliA e
|, methane producing bacteria®] acetateZ-E] methane®] 343
A2 Fo] 28 FRAAIR] acetyl-Co A Aol Ao
Hosta Yok =, ATPEYE phosphate groups acetateol] HE
&te] acetyl phosphateE AJ/33}3L, A4 ¥ acetyl phosphate™
phosphate acyltransferase2] <-8-2& Co A group¥} phosphate”}
X BH o2 acetyl-Co AZ A3+ methane®] AP HEZZ f
H=A et

HAAAA] EE-2) acetate kinase FHAAE FE Bacteria®l| Al
BRuHd AEo] UlEo|m, Archaca®] Methanosarcina sp.9F
Eukaryota®] Fungigolld di-7}F ®HarEo] gloks), 2L o]de]
NEAENAE Rl vy} glok webd 2 =folMeE 8
ZFs+(copepoda)e] YES! Paracycloping nana®| A 7A%E acetate
kinase 229 cloningS 53t DNA H protein sequences
Hz2 R W olg} 7180l FEH bacteria 2] F31At
AHE9} B WEASIHIL, E coli protein expression systemS ©]
B3lo] DHAIA 1 548 EeA)
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HEME
82ZYF Paracyclopina nanae= 7358 a3y H3-8h5
o] E-2F oA Lake Songji strainS

At

library2| M|Z}

Fore Al 2F 5 g (wet weightyS QA A4S ARRst] W
SAIZ] & wrpapdel] ol Balsdnt. EE Aol of 34
£9] TrizolE Y3l tissue grinders AHE-3lo] 3] dafst &
o] total RNAS 2|31 1, 2]8 total RNAZF-EH mRNAS]
AT mRNA purification kit (Invitrogen, USAYS ©]&3le] 4=
5ttt A mRNAE -80°Col 3143 cDNA library2]
A &2 AZAP 1 cDNA library kit (Stratagene, USA)E- A}-8-3}
o 9. 4, mRNAZHFE] oligo(dT)-Ykol linker primer
o] g3t DNAE AT thg, %5 Lol EcoRl linkers
ligation3}3L Xhol .82 A3} 3% FeoRl, S%-2 Xhold] &
A5 cDNA (unidirectional ¢cDNAYES A =Fabsch A2t
¢DNAE Sepharose CL-2B columne ©|-8-8}e] =gz £33}
431, F 1,000 bp)’d 7712 cDNATHS EobA EcoRI/XholS.
2 x28]% Uni-ZAP XR vectoroll ligationd}${Th.  Ligation
products= XL1-Blue MRF' celloll packaging extract®} 7
packaging 3] ¢cDNA libraryS 7434}

=

cDNA insert2] &0l
FAH library2] cDNA insert® <13}7] #8h Uni-ZAP
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XR vectorZ in vivo excision reaction®] ]3] pBK-CMV
phagemid vector2 A¥3}HUIL ©|F E coli XLOLR strain®]]
transformationd}] X-gal¥} IPTG7} X ¥ LB-Kanamycin plate
of HZEstY insert7t L colonyE AU AEH
colony= TFA] LB-kanamycin brotholl 4] 37°CZ 16-18 A|7Hs<t
Hj kSt Th2 plasmid purification kit (Promega)E AHE-3}<d
plasmidE AABFET. AAE plasmids Sacl 3 KpnlS 2 A g
&1 insert® BRISISL T3 primerE 0|83} sequencingS 434
199t Sequence FHE= NCBI®] GenBankE 7343}ed 200 ©]/d
2] alignment scoreZ 71A= FAAE UGz 8o ER18}%)

EXAISEE 24

NCBI GenBank®ll 5&5o] )& Bacteria, Archaea, Fungi
2 2] acetate kinase S-HAFS] DNA H amino acid sequenceE
o] 8-5}] P nana®] DNA H amino acid sequence®} Clustal X
programe ©]-8-5}] alignment A1Z1 ¥, aligned data matrixE
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PAUP 4.0b program$ olg3te] HMalit). the 4% F=3}
o] A= ASES T UL

Acetate kinase XXt cloning ¥ E. coli BiiM el

cDNA libraryZ5FE] AA sequence”} 21 acetate kinase &
Axke] TS WA 7] 7] 918t S-end®] start codonS L E
Sl forward primer?} 3-end®] stop codon Z7HA2] reverse
primerS A2} I (PN-Acetate kinase-F, 5-ATG GCG CTC
CAA AGG AAC ATT TTG G-3', PN-Acetate kinase-R, 5'-TTA
TCT CAT GAT AGC ATT TAT TGT TTC-3", P nana®] total
RNAZ o]-&3}d RT-PCRES 48319t ZZ3 acetate kinase
FA2= pCRY TINT TOPO TA vector (Invitrogen, USA)oll
ligationS}3. E. coli TOPIOF' strain®l transformation 3}S1T}.
TransformantsE  tl322 3t A WFHE A=
transformantE Hindlll restriction enzyme2 & golsta, g
cloneg T E. coli BL21(DE3)pLysS strain®] transformations}

F primer
1 |ATGGUECTUCARRGGARCATTTTGHT AAT CAACT GT GGAAGCT CT TCGET GARATTTCAR 60
M A L Q R N I L ¥ I N C G 5 8 58 v K F 0
61 GTTCTCGATCCATTTACTAAAGTT CGAAGCT TAGCT GGAAT CATAGACCGACTGAATACA 120
v v p P F T K vV R 8§ L, A ¢ I I D R L N T
121 CCAAAAGCAGTTTTAAAGCTCCAACAAGGCAATGGCCAT CAACATATGAGCTTAGGAAAT 180
P K A ¥ L K L @ @ 6 N G H Q HM § L G N
181 GTTGGCCATCTGTCAGCTATT GACAGGAT TTCTGACTTGET CACATCTAATAT TGAGTTE 240
¥v G H L §8 A I D R I § D L ¥v T 8 N I E L
241 GCTGGTATAGGT CACAGASTGGTGCAT GRAGGGCATCT TTT CAAAGAAGCAGT CAARATT 300
A 6 I ¢ HERE Y V H G GGD V F K E A VYV K I
301 ACTCGTGACACCAAAGAAGTCATAAAAAGCT TGAGCCATCTTGCTCCAATGCACAATCCC 360
T R D T K E Vv I K 8 L 8 H L A P M HHN P
361 AACAACCTAATGGGAATTGAGCTTTTAGAGAAGAAGTT CAGTCATCTGCCTCAGGTTGCA 420
N N L M ¢ I E L L E K K F 8 H L P Q ¥V A
421 CTTTTCGATACCACATTTCATGTCAAATCTATGCCAGAAALAGCT TTTCGATACGCTGTG 480
v F D T T F H V K 8§ M P E K A F R Y A V
481 CCAGAACAATGGCTTGACT CCCAT AAACT AAGGAGATACGGAT TT CACGHAAT GRGCCAT 540
P E ¢ W L E § H KE V R R ¥Y G F H G M 8§ H
541 AAGTATGTGGCCGETGAGT TTGCAAAT CTGATGAAGAAACCAGTTAACGAAGTCTCGGTC 600
K Y VvV A ¢ E F A N L M K K P VvV N E V § V
601 ATCAGTGCTCACCTCGGAAATGEGTGCTCGATCTGT GCCAT AAAGCACGEAMAMAGTGTG 660
I 8§ A HL & N G C S M CATIEKDGE § V¥
661 GATACTTCTATGGGTTTTACT CCGCTAGAAGGACTT ATTAT GEGTACAAGATCAGGGGAT 720
D T § M ¢ F TP P L E G L I M & T R & G D
721 CTTGACGCUGTCAGTCATCAGCTACAT GGCTCAARAGGCT GTCET GCAGT GOTGACGAGGTC 780
L DA § ¥ I 8 Y M A Q R L & CcC & A D E V¥
781 CTTAACTTATTGCTACATAAAAGTGGACT GEAGGCAATTTCAGCATATCAT GACTCCAGA 840
L N L L L H K 8 ¢ L E A I &8 G ¥ H D & R
841 GATATTGAGATGAAGTT TATGGAAGGT GACAAAAGAGCAGCTCTCGCAATAGAAATGTTT 900
D I EM K F M E ¢ D KR A A L A I E M F
501 TGCTACAGAATCGCCAAATACTTGECGECCTACGTCGTTCCTCTGAGACAAATCCCAGAT 960
c Y R I A K Y L A A Y ¥V ¥V P L R Q9 I P D
961 GGGATTATTTTCACAGGTGGCATAGGAGAACGATCTCCGCT GAAGCETARACTGATTATT 1020
s I I F T ¢ ¢ I @ E R 8 P L K R K L I I
1021 GATCTTCTCCAGCCTAT TGECT TTAAGAT TCACGATGT GEARAAT ATGAAAAACTCCATT 1080
D L L ¢ P I ¢ F K I DDV EMNMEKN S I
1081 ATGATTAGTTCTAATGATTCTACCGGAGCAATTGCAGTAAT ACCAACTAACGARGAGCTT 1140
M I & &8 N D & T ¢ A I A Y I P T N E E L
1141 GTAATTGCTCAGFARACARTABRAT GCTATCATGAGATAALT TAAAAARARAARAAAAARA 1200
v I A Q@ E T I N A I M R *
R primer

Fig. 1. Complete sequence of Paracyclopina nana acetate kinase gene. The forward or reverse primers were used to amplify the PCR product of
complete P nana acetate kinase cDNA for subcloning into the expression vector, pCR T7/NT-TOPO.
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&} acetate kinase T2 2} Aol AR5l ).

Acetate kinase T o] WAL [PTGE FE3H2H, (2-18
A7t wjeket 2 A2 LB-Ampicillin/Chloramphenicol A
o 1/1000.8 3)2ate] H&slal, 37°Co) A 0.D. (600 nm) 0.57}
2 wi7hA] wjoket & IPTGR 0.5 mMe] HxE b8k 30°C
oA TFA] 3A)7HEQF i UBFATE. Acetate kinase T A o] e
& 10% SDS-PAGE gel& 53} 2139}

Western 438 $13*4<= PAGE gel2 nitrocellulose membrane
ol transferd}il, transfer® membranes TBSTE 23] washingdt
U, 5% non-fat dried milk”} 7F8 blocking solutions ©]-&
3t A-2dlA 3083t blocking 3T} TBSTE thA] 583k 3
3] washing®t ¥ anti-His G-HRP antibody (Invitrogen)Z 1/1000
o2 3143te] 75 blocking solution® & A-2ojA AZF 5
ek 9k AlZTh 18]a oAl TBSTEA A20A 584 33
washing 3+ &, ECL kit (Amersham Biotech.)S ©]|-8-35}c] &34
AlZ) B Xeray filmol] =ZEAIF Histidine®} tagging B wHe)2
bandE AE3IAT}

27 % o
P, nana ¢cDNA library ¥ acetate kinase 5T X 2 &0l

P nana= 2.7 F(copepoda)dll &35= FEA plankton2] ot
FTREA SN A HEHQ] HolYEolrt B AeAe
o]t YA planktonC. ZHE F& FAHAYLS A=t uz)
1,000 bpolAt =719 cDNA libraryS 7-48}332, cDNA insert
£ e A A mAdE g FFoloAt BHud
acetate kinase 341 AEE EAE 4= 9t} Fig. 1914 B
= vk} 2ol P nana®) acetate kinase - AA= A o]z}
1,200 bp ©]™ 392 7H2] amino acid® FAJ=o] STk F4
codon poly(A)sequence®] ol EA5}5eH, B2 poly
A signal sequence (AATAAA)T- open reading frame (ORF)W
EREOA AR o] FolAQl ddoz g7Fol Eol
oz Yelhe d40 R HIUh P nana acetate kinase2] 392
702 amino acid FAA 78l amino acid25-E] 384 amino acid
71217} AE Q] acetate kinase conserved domain (Pfam 00871)
ol Aoz 3o Pfam 00871 domain 99.7%92]
alignment B1& 2 3769] alignment scoreS LFERNATE.

P, nana acetate kinase X2 XA S8 24
Pfami&-Fo] ™= acetate kinaser™ butyrate kinase, 2-
methylpropanoate kinase$} &7 acetokinase familyol] £:3hH &
A} Pfam databasel+= Archaea®] 3%} Bacteria 174%2] A EZ
2] sequence’} SEFo])th 28] NCBI GenBankoll= Fungi
9 acetate kinase FrRAE SE5E (A ot 22 o}& fungi
o] FAMEY acetate kinase F-Aol] hel ARE BIE
oz JA 7] Wi £ AFolAE vlAECA 335, fungidll
2% 5 F 3570 WEZFQ acetate kinase %2} amino
acid sequenceZ EAAIEEZ o =E v, B4} Fig.

P nana® acetate kinase A4 L B4 159

20014 HE wpel o] @A LRl R 9] acetate kinase
FAAE Bacteriadl Al FElE HOZ =EA  Archaea?)
Methanosarcina spp.2F Fungi®] Aspergillus spp., Newrospora spp. s
o] Biglol] et o]EF A tiaEH]] 109F2] vAEE
(Streptomyces, Mycobacterium, Shewanella, FEscherichia, Deino-
coccus, Bacillus, Staphylococcus, Lactobacillus, Symbiobacterium,
Mathanosarcina) 159 FF)(4spergillus)2+2] amino acid®]
sequence alignmentE E31] A Z3te] FABAE vl WEA5HY
t}. Archaea®] Methanosarcina species2] 73-% 408 7§ amino
acidZ T 2™, P nana®b= 56%2] sequence homology
(36% identityye VEMAUTLE HE 10F9] HAEES 385405
amino acidZ TA4E ] O™, P nana®t= 50-61%2] sequence
homology S WERNITH(38-40%2] sequence identity). Aspergillus
species®] A= 469 amino aicd® TAHO] Qo] P Lo
W, P nana 9= 39%2] sequence homology (23% sequence
identity)S WFERAATE Alignment gap®] 3%, P nana®} thE
HAEE Alolo|= 4-8% 2] alignment gape] BHAS= Ao =
BRI, 53] Aspergillus speciese 20%2] Ao w &

1 | |

Bacteria Archaea Eukaryota

Fungi/Metazoa
Aspegilius
Neurospora

— Actinobacteridae Euryarchaeota

Corynebacterium
E Mycobacterium

Streptomyces
— Deinococci

Methanosarcina

Deinococcus

— Bacteroidetes

+— Proteobacteria

—— Helicobacter

— Campylobacter

— Shewanella

l—— Haemophilus

— Vibrio

- Escherichia

p- Yersinia

- Pseudomonas

— Neisseria

I— Desulfovibrio

— Geobacter

I Spirochaetes

Treponema

— Firmicutes

— Clostridium

[~ Thermoanaerobacterium

— Onion yellows

— Mycoptasma

— Streptococcus

— Enterococcus

- Lactobacillus

[— Staphylococcus

— Bacilius

—— Oceanobacillus

— Listeria

——Chlamydiae
Chiamydia

—— Cyanobacteria
Nostoc
Synechococcus

[ Thermotogae

Thermotoga
—— Fusobacteria

— Chlorobi
Chlorobaculum

Fig. 2. List of organisms that acetate kinase gene sequences have been
reported.
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alignment gape] 283} th(Fig. 3).

FAASSE £48 flstd 99 alignment
matrix25-E] alignment gap= A3t alignment data matrixS
FABE (355 sites), ©)F
Analysis (MEGA) softwareZ A}8-3} #-298FATH6).
© ZA)E Poisson correction®] H-AFH-ES 8¢ Minimum
Evolution (ME) W& AMESIATHT). T 2 AEE
9] FAL. Close-Neighbor-Interchange (CNI) algorithme] AME-=|

=]

gy

sequence

Molecular Evolutionary Genetics
FLagul

EUNES Ifo]

2497

Streptomyces
Mycol acterium

Kor. J. Microbiol

, 7F 2R branch length®] $H(Sum of branch length (SBL))
ZH= unrooted treeS PAIBIATHT). ABEY HEL 1003
bootstrap ol 28 BAE}H 2w, o]u] random seed number
642380|0th. AAHo 2 =EH ATE SBL @&

440674740 ©13th. Fig. 4°lA4 He vkl 2o] P onana®

acetate kinase 87 sequences U2 PAEEH= YUE

He e Aoz IR 53], RS R

7z TgolFol dspergillus S 22

Ir o mlo ©

L

branchE

AYBE &3l

Bacillus
Staphylococcus
Lactobacillus
Methanosarcina
S iobacterium -
Shewanella NFKLSISEG
Escherichia ~  ===w=w=wss—o —om—mommme o m— o o —— eSS —— s S mmm e MQSISGG
DEINOCOCCUS ————=mmm=m — oo oo m eSS S oo eSS oo e s
Paracycloping  ———-—-—=== —o---—o oo o Smoeseooo oSS Mmoo T m oSS S —MALQRNI
Aspergillus MNRPLTSPGT TTADRRQHNG QTVFISGGPI MAENHPTREL AQYNIPVWPS AIIQVTLLLP YAFPNFPSLL SN.AHKTI. $
Streptomyces LNSGSSSVKY QLLDMRDS~S RLAVGLVERI GEGTSRLKHT PLTTGVSREL TSPVADHAAA LKTVAEELAK D---GLGLDS
Mycobacterium I, L.F ..VEPVAG-M SR.A.I.... ..——====== —=——————=R J,., ... .HRAFKM..E .---.ID.QT
Bacillus I.A....L.F ...A‘PEE—T VI.K...... .LKR.IFTIE AN-GQQHEL- EDIP ..... V.LLLKD.TG R.IIASL
Staphylococcus I.A....L.F ..IR.PEE-T LVTK,.I, .IKD.IFTIE VN-GEKIKD- VKDIK..EE. INIMLDSFKQ ~--H.IID.I
Lactobacillus I.A...TL.W K.FV,.PEE~K VI.K.M.D.L .LSD.VFTVK YGDGQKYEI- .QDIETQDV. VDLLLKK.IE ---FKIIAEY
Methanosarcina I.A....L.. ..I..INE-. P..... €..V .IDN.IITOK RFDGRKKLEK- QVDLPT.RV. .EE.VKA.TD PE-F.VIT.M
Symbiobacterium ..C....I.. ..... ETE-. V..I.K...V .MEDAIFEYK GA-GEKIK.- IGTIL..T.G VRK.LKA.TD PV-H.VIQAP
S ewanella ..C....L.F AVI.ALTG-D DHIS..A.CF ,LED..I.WK -FNGEK.EAR LGAFTA.RE. VEFIVNKILA ----AQPELA
Escherichia 1.C....M.F SVIPQDAD-Q P.LS..A..L .IDHAVITFK DRDGHK.TVA LDD-.S5.QH. VLFAK.DE
Deinococcus  ....... L.F A..NPASG-E VRLS..A..L .TPAAAV.LE ~-HSGQQESRS LEG-GSYD.. .GE.LR,..ET
Paracyclopina I.C.o..... F .VV.PFTK-V .SLA.IID.L NTPKAV..LQ QGNGHQHMS~ -LGNVG.LS. IDRISDLVTS
Aspergillus V.A . ..., I TFYTLENPPK AIVNAQISG. TAPPLK..Y. RGSEEHKE.V KDRLSTPQD. F.FLLQRCFS PELSEVTSP
Stregtomyces PELAAIGHRV VHGGRSFTEP TVIDDDVLAE IERLIPVAPL HNPANLTGIR TAMALRPDLP QVAVFDTAFH TT-MPESAAR
Mycobacterium ....TE.HQ. K L.E.SAL... ...PAVL..K V.RR.LANVA H,....... FH .PA..T
Bacillus V..T.E..QG .. K AFKEVL.NV. AL, ....... Q.—.....
Staphglococcus ALVT.K.EEQ .. AFRK.L.NI.
Lactobacillius AL.TEAS.KR . AFRNIL.NV.
Methanosarcina ALF.AG.EEA . S ACAEIM.GT.
Symbiobacterium VI.T.E.KRT L A.E.AL.HA.
Shewanella VI.N...IQG . LW SELT.
Escherichia VLVT...IEK ‘E A.R..
Deinococcus . VLVTPE. .EA E A.QQAF.K.. .
Paracyclopina VK.TR.TKEV .E LLEKKFSH.. . . VKS...K.F.
Aspergillus V. .TN.TYHR L.E.ENL. LYSA. EI .CKQEI.NVK . Q.-...HVKT
Streptomyces YAIDVKTADE HRVRRYGFHG TSHAYVSRAT AKLLGRAPKD VNLIVLHLGN GASASAVRGG PLEGLVMGTR
Mycobacterium ....RDV..R WHI c..Q...ERA AF...PLDG L.Q....... ...... JAR., .P.E...... «.icuinanan.
Bacillius .SLPYEYYEK .K..THRA .E.METPIEE LRILSC.... ..AIA..K. JALVT.
Staphylococcus .SLPYQYYKD ..K...QRA .EIMNKPIEE LRI.SC.I.. ...IA.ID. JALVT.
Lactobacillus .SLPLDYYRK ..R...HRA .EM.,.KPLE. LKM.TM...S .V.MT.IKD JALVT.S
Methanosarcina . .LPYDLYEK ..K..AGRA .LM..KPIE. TKI.TC.... .S.IA..K. ... VA,
S iobacterium ..LPYAMYKG . ..K...QRA .D....PLEE ....TC.... .S.VT..Q. ALLI.
Shewanella .LPY.LYR. . ..L....EA L.IM.KDIS. T.V.CA.... ...VT.IK.. KS........ ...
Escherichia ... PLEFQQD .R.IAAEA LAS.DLD.A. HGIVIA.... .S.LC..QN. TSI.....M. ..........
Deinococcus . VPEAWYSQ LG e AGRA .EM.Q.PLPT L...TA.... ... VC..A.. .S..... v unnn I..8.
Paracyclopina . .VPEQWLES .K M..K..AGEF .N.MKKPVNE .SV.SA.... .C.MC.IKD. KS...... Fo o..... I.
Aspergillus LQGILKA I.YSFIL.8V 'EF.KKPVEE T.I.AM...S ...MC.I.N. KS...TWKSK .R. HKRDAYQ
Streptomyces SGDMDPAVIF HLMRVGG-MS TDEVDTLLNT KSGLIGLCGD N~DMREIRRR VDEGDEQAAL AFDIYTIHRLK KYIGAYYAVL
Mycobacterium ...L..G..S Y.W.TAR-.G VEDIESM..H R..ML..A.E R~.F.RL.LV IET..RS.Q. .YEVF.... P PR PN
Bacillus ..NI...L.P YI.EKT.~Q. VE..VAT..K ....L.IT.F $S.L.D.EAA AK....R.QV .L.VFAS,IH ..V.S.A.RM
Staphglococcus ..NI...L.P FI.QKT.-QN AE..ILNV..K E...L.IS.T 8S.L.DLESD AE..K.R.Q. .L.VFAS.IH ... .S.ATRM
Lactobacillus ...I.ASLVA F..KKLDIKD PE.MIDI..K ...IY.IS.L SP...DLEKT RE.RP.-SQ. .I..FVN..I ..V.S.V.IM
Methanosarcina C.SI....VP FV.DKES-L. SR..... M.K .VL.VS.I SN.F.DLDEA ASH.N.R.E. .LE.FAYSV, RV..E.L.
Symbiobacterium A..L..G..P YI.ARFE~IG IS..NSM..K H..IL.IS.I S$S...Q.EEE MEK..PR.VE T.EMMEY..R ...... A..
Shewanella C..L..SI.Y ..VKQL.-YT L...NN...K Q...L.ISEL TN.C.G.EQG YQOD.HKG.T. .LE.FCY..A ...A..TVP
Escherichia C..L.FG.VA Y.RKRT.~QT F.TLYKM..N Q...M.IS.L SS.C.TLQQA LH. .I.VLV...A RH..GHVTS
Deinococcus ...V..GLHD Y.A.QA.-L. LS.ITAA..K E...L..S.L TN....LEKA ALT.HRG.R. .LGAF.Y..A .CMAGMAVA
Paracycloplna ...L.AS..S YMAQRLS-C. A...LN..LH . .ERIS.Y H-.S.D.EMK FM...KR... .IEMFCY.IA ..LA..VVP.
Aspergillus Q.-*°GSFLS QPS.TKLMLI AIQAEEI..K Q..WKA.T.T T-.FSK.AVE -NPPSHAHK. LVVDBLIL GFV N.FVK.
Streptomyces GRV- DAVAFT AGVGENAAPV RAAAIAGLEE LGLVVDSERN -AVRSDEPRI VSPEDARVAV AVVPTDEELE IAQQTYALVG
Myco! acterium HT-.V.S. .I...D.A. .RD.L...QG ..IAL.QD.. -LGPGHGA.R I.SD.SPI.. . .RDCLRVL.
Bacillus .GL-. IV .I...8.TI .ERVLK..SF M.VD..L.K. --NVRGKEAF IEKAG.P.KI I I N..VM ..RD VR.TS
Staphglococcus HG.-.VIV.. .. .... SS8T. KVLE...F M.IYW.PKK. E-TIRG.EGF INYPHSP.K. I.I..N,.VM ..RD.VKFGE
Lactobacillus .GL-.VLVI. ..M..GDILM .QRIGDR.SY F.VE..P... --NVMAQE.. I.TD.SK.K. LL...N..VM ..RDVMSVGQ
Methanosarcina NGA-..IV.. ..I...S5.S5I .KRILT...G ..IKI.E.K. --KIRGQEID I.TP.SSIR. F.I..N...A ..RE.KEI.E
3 iobacterium ...-.GIV.. G.I. SPLF .K.VCON.GF ,.VTF.E.A. --NCRGQE.. I.GP.SK... M.I..N...M ..RE.AE.IR
Shewanella .L-...I.. G.I...SDLI .EKVLNL.GI FNFS....L. K.A.FGKQG. I.KTGS-PLA I.I..N..WV ,.EDAMK..T
Escherichia K.F— .LI.. G.I...S.LI .ELTVQR.QA ...EL.K... QQLFGGRSGL I.KT.T-TKI ..I..N..KM ..IDAAEIAR
Deinococcus ...-.G.V.. G.I...SRT. .GETLRR.GV ,..HL.E.A. K.LPRGDVGV I.LPGG-PVA L.I..H...M ..RE.AVI.
Paracyclopina RQIP GII.. G.I..RSPLK .KLI.DL.QP I.FKI.DVE. ----MKNSIM I.SN.STG.I ..I..N...V .E.INATM
Aspergillus DGQV. .IV. A G.I..KS.LL .KVLVEKARC .RVA..TAA. ETGPAEDQTV LDISKEAGKG PR LVCKPSS LDLMFE-———
Streptonmyces TAHHLT---- -
Mycobacterium GRRA
Bacillus
Staphglococcus
Lactobacillus
Methanosarcina
S lobacterium
Shewanella
Escherichia
Deinococcus
Paracyclopina
Aspergillus

Fig. 3. Alignment matrix of acetate kinase amino acid sequence from 10 cellular organisms. 7 bacterial species, 1 archaeal species, and 1 fungi
species. The sequence information was retrieved from the NCBI GenBank. Sequence alignment was performed using clustal X program (Ver.
1.81). Dash (-) and dot (.) indicate the blank and identical sequence between those organisms, respectively.
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Fig. 4. The unrooted phylogenetic tree of P. nana acetate kinase gene
with other cellular organisms. The phylogenetic tree was constructed
using MEGA program (Ver. 3.0). The relationships of P. nana acetate
kinase gene with those of other cellular organisms were calculated by
Poisson correction model and the phylogenetic tree was constructed
by CNI algorithm. All procedure was corrected by 100 bootstrap. The
scale bar represents genetic distance.
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Fig. 5. Schematic plot for constructing expression vector of acetate kinase. Left side shows the cloning strategy of PCR-amplified acetate kinase
gene into pCR T7/NT-TOPO vector. The location of Hindlll and EcoRI sites were indicated. The photomicrograph of agarose gel on right side
shows the restriction enzyme pattern of recombinant construct to confirm the direction.
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Fig. 6. Induction and expression profile of P nana acetate kinase
protein on 10% SDS-PAGE. The transformed cells were pre-
incubated, and IPTG was added to induce P nana acetate kinase
protein. The sampling was done at 0, 1.5 hour, and 3 hour. After
incubation, the whole cell extracts were prepared from induced and
non-induced cells and these were analyzed on 10% SDS PAGE. The
arrow indicates the induced acetate kinase protein.
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Fig, 7. SDS-PAGE and Western analysis of whole cell crude extracts. The transformed cells were lysed in lysis buffer at 4°C and the chromosome
was destroyed by passing through of the lysates into a 13-gauge needle for 5-10 times. After separation of pellet and supernatant by centrifugation
at 15,000 rpm, 4°C for 30 min, these two fractions were analysed on 10% SDS-PAGE. For Western analysis, the PAGE-gel was electroblotted on

nitrocellulose membrane, and His-tagged protein was detected with anti-His antibody using ECL method. Lane 1 :

induction time 0, Lane2 :

induction time 1.5 hour, Lnae 3 : induction time 3 hour, Lane 4 : supernatant, Lane 5 : pellet.
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ABSTRACT : Cloning of Acetate Kinase Gene from the Copepod Paracyclopina nana and its Expression
in Escherichia coli
Sang-Oun Jung, Jung Soo Seo, Young-Mi Lee, Tae-Jin Park, II-Chan Kim', Heum Gi
Park’, and Jae-Seong Lee (Department of Molecular and Environmental Bioscience, Graduate
School, Hanyang Univeristy, Seoul 133-791, Korea, 'Polar BioCenter, Korea Polar Research
Institute, Korean Ocean Research & Development Institute, Ansan 426-744, Korea, “Division
of Marine Resource Development, College of Life Sciences, Kangnung National University,
Gangneung 210-702, Korea) '

The acetate kinase gene from the copepod Paracyclopina nana was cloned. The open reading frame (ORF) was
1,200 bp, and poly(A) signal sequence was located in the end of the ORF. After the molecular phylogenetic
analysis of P nana acetate kinase gene, it was revealed that it formed the same branch with that of Aspergillus.
Also P, nana acetate kinase showed the difference with those of other prokaryotic microorganisms but showed
the same clade with those of fungi. We also confirmed that the recombinant protein of P nana acetate kinase
made approximately 50 kDa after expression of recombinant gene construct in E. coli. This may be useful to
compare this protein to those of other organisms in biochemical characteristics.



