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Overexpression and comparative studies on the C—terminus

truncated agarase of Pseudomonas sp. W7

Yoon, Sco-Cheol
Department of Biotechnology and Bioengineering, Graduate school,

Pukyong National University

Abstract

The paA gene encoding B-agarase of Pseudomonas sp. W7

1solated from marine environment consist of an open reading frame

(ORF) of 1,926 nucleotides and encodes a protein of 642amino acids

with a molecular weight of 69,540Da. The deduced amino acid

sequence of PjaA from 32 to 482 residues showed 45% sequence

homology with a-amvlase of Afteromonas haloplanctis A23 isolated

from the antarctic water. A putative protein ligands for chloride

binding was identified as Arg-212, Asn-302 and Lys—-339,



respectively. The pjaA gene was expressed at high levels in

Fsherichia coli. The C-terminal truncated plasmids digested by

exonuclaease Il were overexpressed and the agarolytic activities

were examined. The expressed protein of plasmid pEAG3-3 which

was eliminated 259 amino acid residues from C-terminus led to

complete loss of the agarolytic activity.

To investigate the differences in expression levels and agarase

enzyme activities, inducers and host strains for overexpression were

changed. Specific activity was increased about 2.5 folds by

replacement of host cell from Escherichia coli BL21(DE3) to £ coli

AD494(DE3)pLysS. When lactose, instead of IPTG, was used as an

inducer, a specific activity was increased 3 folds in E colr

AD494(DE3)pLysS. Three plasmids derived from the B-agarase gene

(pjad) of Pseudomonas sp. W7 were expressed Iin £ colf

AD494(DE3)pLysS. These products are corresponded to the complete



(PjaA) and two C-terminal truncated (PjaAl and PjaAll) forms of B-

agarase. The PjaAl and PjaAll were constructed from PjaA by deletion

of 127 amino acid residues and 182 amino acid residues at carboxyl

terminal region, respectively. In order to characterize some properties

of these proteins, the proteins were purified through the affinity

chromatography. The molecular weights of purified proteins were 71

kDa, 58 kDa and 52 kDa, respectively, on SDS-PAGE. PjaAll protein

had a lower specific activity than those of PjaA and PjaAl. In

comparison with the mature PjaA protein, PjaAl showed different

properties in A, value and thermostability. The A, value of PjaAl was

lower than that of PjaA, and the catalytic efficiency (k../Kn) of PjaAl

was increased to 5 times. The enzyme activity of PjaAl remained

more than 90% at 50C. In contrast to PjaAl, 20% of remaining activity

in PjaA showed at the same temperature.
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Bacterial strains, plasmids and growth conditions

o] My AFE-H plasmid@} bacterial straing Table 1¢] VER ST

Preparation of plasmid DNA

242t Pseudomonas sp. W7 2] agarase gene©l cloning ¥ plasmid pJATS
7}A 3 9lE E. coli® Luria-Bertani media 2ml ] 50uxg/me<] ampicillin &
A7kt 37T 16217 ARuireel. 44 BElEte] celle
downA Zith o131 pellet= solution [(S0mM glucose, 25mM Tris-HCI pHS.0,
10mM EDTA pH8.0) 100421 resuspend*l Z T} & 710l solution HI{(D.W, 10N
NaOH, 20% SDS) 200148 37bste] wk3Al7]a v}A2to 2 3M sodium
acetate(pH4.8, HCI) 15005 718l wb-24171 5 A Hglgle] Aboln
F &t 14548 polyethyleneglycolo] #7181 Th Mixture® 94 23] 5}of

dERE AASII pelletd 10048 H,00) 3¢ & S5M LiICl 10045

7Feted dEol 1087 WA EAT MixtueE 94 2alstd =gk
eppendorf tubell &AA] 0.6 volume2| isopropanols 7}3ch. 4 H& 3k

T 70% ethanol 2 washingdt & SpeedVac (Eyela Co.)E ©] &3] vaccum dry



Table 1. Plasmids and bacterial strains used.

Plasmids / strains

Genotype or relevant characteristics

Reference or

source
Plasmid

plAl Ap’, contains a 3053-base Hind I 31
fragment

pEAG 3 Ap’, contains a 1926-base Ndel/EcoRI This study
fragment containing pjaA

pEAG 3-1 Ap', derivative of pEAG3 truncated 381 This study
bp from C-terminus with Exonuclease I

pEAG 3-2 Ap’, derivative of pEAG3 truncated 546 This study
bp from C-terminus with Exonuclease III

pEAG 3-3 Ap', derivative of pEAG3 truncated 777 This study

E. coli strains

AD494(DE3)

ADA494(DE3) pLysS

BL21(DE3)
BL21(DE3) pLysS

bp from C-terminus with Exonuclease I

Aara-len7697 AlacX74 AphoAPvull
phoR AmalF3 F'[lac (laclf)pro]
trxB::kan(DE3)

Aara-len7697 AlacX74 AphoAPvull

phoR AmalF3 F'[lac’ (lacH)pro]
trxB::kan(DE3) pLysS (Cm™)

FompT hsdSg(rg” mg’) gal dem (DE3)
FompT hsdSg(rg” mg) gal dem (DE3)
pLysS (Cm™)

Novagen co.

Novagen co.

Novagen co.

Novagen co.

10



AA A plasmid pJAlE At

Construction of plasmid pEAG3

Agarase gene®| open reading frame PCR & o¢|&3le SE3}5c},
Forward primer 2+ 5'-GGAACATATGAAAGCTATTGCCCTG-3’(Ndel site)
£, reverse primer= 5-GGCCGAATTCATTGGTGTTGATGTCATC-3’(FcoR]
site) 2 0] 83819 01 template DNAZ = pJA1E 10ng AF239EY . PCR
condition<= denaturation 94 Coll A 30%, annealing 55Tl 4] 30%, extension
72ColA 2822 25cylele WHS-AZTE o)A AL PCR  productE

endonuclease Ndel Y} FEcoRIS.Z double digestion 8+ ¥ overexpression

vector?) pET-22b(+) (Novagen Co.)*ll ligation A)Z)T}h ( Fig.2).

Preparation of competent cell

Competent cell #A|ZE= Mandel®} Higa®] CaCl, methodol] whgte}, &F=uh
vl ¥t E. coli DH5S a & LB liquid medium®l 4 #3dta] O.D = 0.5 =gt
B 7}+2] incubationA] 7 T} Pre-cooled rotoroll 4] Q-4 H-2]dhed do) A celld]
20mi8] 2F7hE S0mM CaCLE H718H resuspendAl 21 5 3023 E&of

A Bt 15,000rpmell A 94 EEdle Yol pelletS F YT solution

11
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0.4ml°l resuspendAl#A A E. coli DH5 a competent cell S ¢ 91t}

Transformation in E. coli

300u1®] competent E. coli DH5 a o 409 ligation mixtureS 7}3Hr}.
MixtureE ice® 4] 40+&7F incubatingA] 71 F 42Coll A 387t heatingA] 2T}
7]l LB Iml& ZFetel 37CeolA 1A17F  incubationAlZTh o] A&

ampicilling Z3gH LB agaro]l 2 02ml =2 plateE 37T oA

12~164] 7+5-¢F incubation?] #] 41 colonyE 94-& 4 2%tk

DNA Sequence and analysis.

d7iM g9 AAHLE ABI prism 377 (Perkin-Elmer) DNA sequencerZ
o] gste AAEAUCL pUCA LS plasmidE mI3RPEE UPO primerE
8BRS pET22b(+)2] A% T7 terminal region®] HYE primerE
AREEEATE VI EEEE Aol deduced amino acid  sequence?)
homology®] #413 multi-alignment2] ¥21& NCBI®] BLAST search
program 3! Clustal W multi-alignment tool& o]-&&te] 24 &gt} 2o 5
F71ME3 opmiAt AEe i€ GeneDoc (ver 2.6) program

o} 3t ch

13



Overexpression of pEAG3 and its derivates

Ecoli= 37°C LB brotholl A gentle shakingstHA ajoFs}aic).

ol
L
pai
-3

g cell®] 1% (v/v)yS 1L LB brothol §HE8F3 ODge= 0.6°] <]

[
rg

IPTG =2 lactose® HE 527 ImMHEES H718F9 T}l InductionS
ALEEA 3AIZE ol S HAdEe s 42 cells 20mM Tris-HCl
(pH8.0)° FEA|Z] & jceoll 4] sonicationdtq celld IHA|HTH o] E
30+27F 10,000<gol A A4l Re]ske] UL soluble fraction2 Ni-IDA affinity
chromatography & &l AHAgch, WAL 05M imidazole©] ¥. &3
20mM  Tris-HCI(pH8.0) bufferell 2|&llA] &FA|7]31 4°CelA] 20mM  Tris-

HCI(pH8.0) buffer® oW &< FAsUTh A AE agarase?] A7)

Agarose gel electrophoresis.

DNA 7] %2 agarose slab gel= A}-83Fo] 1 <XTBE buffer(10<Tris 30.10g,
Boric acid 10g, (Na;) EDTA 1.794g in 250me) o4 3= 2T} Ethidium
bromide T 0.5ug/mde F=2 HIIHAT  0.8% agarose gel 914 100VE
A7) 9% A7) T DNA band= UV transilluminaterS A}-&-3he] 8ol&}od 1,

Polaroid 7FHlet=2 ARl #FASErE.  Size marker Hindlll2 digest ¥ A

14



DNA®} fragmentS A}-&-&}3 T}

SDS-Polyacrylamide Gel Electrophoresis

SDS-Polyacrylamide gel 719 %-& Laemnlicl o) wel 855},
AAE agarase”} EFH FAG 5E 59 boiling water batho) A Q& 73k
F 2% SDS Buffer(1.25% Tris-HC1, 20% glycerol, 2% B-mercaptoethanol, 0.001%
bromopheol, pH 6.8)& H7}8tAt. o] sampleE2 FA] 12% slab gel <
AREste] 714 E 3T Gel's e Comassi blue® A8},  Fairbanks
et al o} WPow G HAES dolwyl 98] BE markers
bovine serum albumin (MW 66,000), ovalbumin (MW 45,000), glyceraldehydes-3-
phosphate dehydrogenase (MW 36,000), carbonic anhydrase (MW 29,000) <}t

Cytochrome (MW 12,400) & A}-83}9u}.

Protein quantification and enzyme assay.

AL F2EM A3 dwlde] S AAY 549 $EE Bradford
methodE ©] &304 73t} Standard curvel= bovine serum albumin (Sigma
Chemical Co)& ©]8-3l9 DAL} 20mM Tris-HCI (pH8.0), 0.9 M NaClol] 1%

(w/v)agars XL agar platet plate assay*] ol agarase activity S Lo} & of
g g P



o &t A" &EAZ agar plaed] HEaho] 37TCoNA 124 7F
WEAIZTE B0l ZAE plateo] Lugol (0.12M KIol 0.05M 12)8 8-S
7o 2 VFELHS transparent halool] 9)E)A =R helth. s liquid
assay® F18l04 agarase &2 Somogyi-Nelson method & %3] 23491}
NA8AE HE7] A E 03% (W) agarS 20mM Tris-HCI(pHS.0), 0.9
M NaClef b33 g8 AlAoF dth Agarase 4L standard = D(+)
galactoseE o] 838t ODgolH FTHEE E3ld =9t ax |

units B lumol®] F& RUA 7= fEHE mio %oz &59r).

Deletions with Exonuclease I

Exonuclease 1II & ©]-83}t9 agarase F4z2k0] Ay #HEL mo=
A2F= Henikoff ™ 2l& Za=¢lct SI nuclease 9} Exonuclease 1=
Promega2 F-¥ AolFHth & volume 100pl Fo 10ul9] pEAG3 plasmid

DNAT AFEAQ Sac 19 EcoR 19 24 A5k ddo] £33

=
i

o A& ™ 200 U9 Exonuclease IIE dtk® DNAo| w2 3 7)

SFATE 100p1 AEE 18 7tFom samplingdla] U 9 SI nuclease™
¥ SI nuclease mixture 2.5 nlg Z§slgc}. o AlSEL 308 Ho

30T A]  w)kabsdct. S1 nuciease step TFo] W25  ethanol

718kl DNAE AAAZAT HdxH pelletd Klenow fd W2 =

et

=

16



optell =3} Mixtwres 37CelA] 387F sio¥alaL, ligationA 7 5, E coli

DHS a B & 24347t} (Fig. 3)

il

C-terminal region 2/ deletion

C-terminal regions th¥d V]2 AASY A 10u19)  plasmid
pEAG3S  BamH 13} Sac 108 A& 3lo] 37Z%<& blockinggt + 10U¢]
Exonuclease 1IE A2 3t 37CNA 1# Aoz wi2g Ea AAu.
HEgo]l £89 ABE oA A-2o|A SI nuclease® 2] &} kS bluntd)
MZ % tigationA 713 E. coli XL1-Blue®) transformation2- A A &9}
Transformant 58] plasmid& &8k plasmidol] 4 370] 2z 37] ¢}
THE FoR T ARRY F 9714944 Babe Zeun 379
TS AASAT (Fig. 4). =% B host?l E coli BL2I(DE3) o
transformation 3 IPTGE °] &3t wdZ A2 ¥ SDS-PAGEE

_-1;5_‘__
HAAlate wtd g dwldo] 3718 =3 &9}
Kinetics determination

Kinetic parameterE 7-5+7] $13}9] agarase7} ¥ oyl &AL c}jekst =1

o] agar8- B3} WFSA1Z) T Somogyi-Nelson 2 o] &3la] giae =3

17
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Fig. 3. Schematic diagram of the Exonuclease III method



BamH | Sac |

S

) ﬂ < Exonuclease |l
]

l I

| l
PEAG3 L I i
73 kb — [

SI nuclease and

Ligation

Fig. 4. Deletion of C-terminal region of agarase gene(pjad) by

Exonucleaselll treatment.
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|5 o] &3l Michaclis-Menten 4% ©] &3}

Thermal Stability

Thermal stability <= &A-& 20mM Tris-HCl(pH8.0), 0.9 M NaCl buffer o} A]

30 % E9F 40TANA 80T/AA 10CTZH2R AAS preincubation 0]

agarase I F A G SAFo 2N AAE )

20



4 #

Nucleotide and deduced amino acid sequence

pJA plasmid®] 3.0kb Hindlll fragment 2] DNA sequenceZ Fig. 5]
HERASI. Fragmentlol = § 7§ ORFWF ZA13008 ORFE 642709
amino acid residuesE coding 3HE 1,926 nucleotides® A ¥ o] ¢t}
Sequence 2 H-E A4Fg  polypeptide®) molecular mass = 69,540 Da ©|H
piad gene?] G+C content= 54% ©]t}.  Start codon© = H-E] 6 bp upstream©l
A2 = GGGAG  sequence™= consensus Shine-Dalgarno  sequence 2}
homologous#t ribosomal binding sequence® =A@} w3} 18bp9] gapZ
il -35, -10 promoter consensus sequence Q1 TTGACA, TATAAT ¢}
homology& .0 = CTGCGA®} CATAAT sequence Al coding region <]

upstreamoj A Zto}E 4= 9ler} 37

Comparison of the PjaA with a-amylase from A. haloplanctis

PjaA A 2] amino acid sequence® THE Pagarase®] amino acid
sequence?t MR FE W similarity’} 20% olstE o]¢ gk Ul

BLAST search program& ©] &3} PjaA w92 ¢ 32-482%  amino acid

21
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ARBCTTGECCAGCCAGCCAGET ACC M TATCCAGCACOBCC T TECAG TEOECTACCLGCTBUECCAT ACCODGOCECECEGCCTEARTCTG
OCCCAGCATCGAGRCATCAMACCCOGTGATATAGCCICGEEATATCTGGCT AGAATAGTTECCGTT AGGAGAGATTA TGAAACTCCTGCA
GCGCATATTTAGGGA TG TCEGCARACAATGGGT CACTECTATOCACT TECACC T TT TECBGTT TACCCAACACCAGGCGOGCAAACTTAA
GCAGCCOCECAACACTCCTAAAACAAAGACGETCAGOCCACETCTOEGECAAGCTCAGG T TANCCC AA TOGGGCACS TICGGGTCTE ICA
TAACGGEBEETTGEG TTETCEAGCGTATATOBC TR TCATAGEGCCATTTCACTAACGTTTA TEECECACAGGATAAAASTCTGOGCATA
AAARAGCCAGCCGTCECCECCATTTCBCATCT T TCAACATT ATTAAA TTGCATACG TATTCAACCTCACTBCATACS T AT ACATCITGED
CTTBCCOCTAGGCSCHACCTATET TG TCTEECAGTGOCGAGTTAMMACCAATAAMGA TCATCGCCATCGCCTAASBCGATTAGCETTCRE
mﬂhmmwnmmmrmmmnmmmmmm ATTGCOCTGCC

ATPXRLXAQEKTPTRLPFIEKQPFV 3 AAAMLTTLARAR® G
GTCATCCTACGCTGECACCECETTIE TECACT TATTIG ASTEGAGCTRGAACE ACA TAGCCGATGABTGOG AMACTTTC TCGG TOCCAR
$ S Y AS8TAPFPVHLPEMNMSW®WNDTIADERCENTPFLGEPHTX
GEGCTTTBATGCOGTACAAATATCACCECCCACCE AAMCACE TCAAMGGOCAGCAGTCETEgACECETT ATCAGCCTATCACCT ACCAAAR
G FDAVAQTISPPTEHYXOGQQWWTRVYQPTITTY G GHN
TTTAMCAGCCCCAGCEGCACTEANGCORAACTCCAAABCATEA TCAACCRC TGO ACAG TSCOBATETAAAAAT TTACECCOATATAGT
LTS RS E8TZEAMETLOGQSMTINRCHESAGVYETTYA ADTIV
CGTCAACCAGATGECCAATCATTT ABTCRAAGGCAA TTACBE TG TORACGGCACT TRE TEGECACCBOBCEA TTACCCCEAATTTAGCAD

Q9 DPFPHP G CATDYSDANNSVYHWKSCDLSGMPDLTUDH
CAGOCAACCCTATETACEOBATACCI TOSCCAACT ACT TAACBCGCCTCACCAATA TOGECE TIGA TEECT TOCECATCS ACGOBGCEAR
S QP YV RDTVAMNTYLTRLTNMGT YDOGPEN: DARATCK
mrnmnmmnmmmmmnmmmmm
HMPPSDI NGPLGARADBNPHWNVYP PLEVYTIGA MZIGTE SGTE A
mnmmmmnmmmmmamnmmmmm
PE1OPANYTTYLOAVTIETPSVY@PALAGNTPENSTGSEAQ
ARTTAMMCATTTAT TAGAGCT IGGOCCAAACTEEGGCT TACTROOCTCAGCOSATGCCTTAGT AT T TG TCGATAACC ACGACCEOBAGCS
I XHLLELGPNMWNWGO BLTELTPSADA AL YV FV DEEHRDRET®R
CEGOCACGE TEECBECEETANTTTAT TTTACAAAGA TGGOGCCAAGT ACAACT TEGCCAA TG TTT T TATGTTGOCCTACCCATACSGTTA
8 HEe 6 86 NLUPFVYXDOGALXTYNTLANSYTFMLELANYTPTYSG?Y
TOCCAAAATCATETCOSETTACGAST T TBATEAMACCACTCAASCBGGRCACTE ACAT AGGOCC RO TECONC UG GOSGC TG TEACGCCAR
P“IHSGYZPD!TTQAGIDIGPPAPGBCDAH
GECTEEET AT TCAGCACCGCTEEEGCAACATCOCCAATATEETEGEG T TTTAGAAA TTACCACCG TEG ACGCCTGGAGCCTTGATAATCA
G WV C O HRMWOG NTIAMNMNMYBGPRNYTVYDARWSTLTDNDOGOG
AGTOGTGATTAACGATAACGCA TTCCCT T TEGECEOREORACAAAGGCT T TETOG TEGA TCAACAACGETCAARGCAGOGTTAALCAMAC
V¥ I NDMNWNAMTIAFGRGDIEXKOGSPVY Y1 N NOGOQSS VY NAQT
CCTCTACACCEGCATOOCUGOCEG TBACTAT IS GATATCT TEOG TGC TEATGA TG AATGCAGCECTACCAACATCAG TS TCEACAACAA
LYT®MPAGDYCDILRAMDDECSGTNTIZSVYDMWNN
CGBCTTTECCAGCTT TAGCH IUGGOCCTEAATCAGCETCAGCTAT TCA TEGCEGOBCOCEECCCAGCE TRAGCAATCAACT TOOGE TURE
B PASPSYOGPFPESASAI HGGARPSVYSNOQQLTPVYA
GATTATCBAGGE GO CCBAGACGCT AGRAACAGG T AGOCAAG TAACOC T CAG TEOCHTTAACTCGT ACGATABTGACSGCASTATIST
I TEGAPETLETGSAQVYTLSSE8Y NS YDSODOGSTIEIUV
CAGCTACTTATGEAGCACOBGTGOCACCACATCAAACATTACCECTACHCTEEACAA TOCCEGCACCBCTACCT TTAGSCT TAACCETAAC
S YL #® 8 TG@@ ATTSNTITATTLUDNZPEGTATF FSTLTUVT
COACAACCAGGGCEOCACTEACAGOCGAGAGG TAAGTATTCAGG TRGE TEECEATGAGCT AATCAGTAACT TTGATECRCTCTACTITCS
D NQGATDSREV S1aoavedeDELTISNKTPTDA ATLTYTPR
CGGTACGCCCAACGGCTEOGCCGCCAGTCCCAT GACTT TG TOS ACGATCACACCIGECANTT AG MG TTCAGT T IBACGGCTAAGCCAA
G TP ¥ S W AASPMTLUYDDMWKTMNOQLTDVYGGEPETDTGSGA AN
CCAGCGCTTTAAGT TTEATTTAGCCGECBATIGGAGCCAAAACT ATEECEACAACAACACCC TOACRGCGTGCTGUACAG TANCEECGAT
@ R P KPDLAGDOMWSaQNYOEDNNTLTACHKTUVTARHN
SACATCAACACCAATGTOAT IBG TCAGTACCECBTECAAGT ANACGACBCCBAGCT AASTTACAGCATCAACTCAT TGROCECASECTIT
T ST PN »
MACAGCAATTEATACGETOT T TACGTGO8 TEGCACCTTTAACARCTGRASC TECACEGCAATGAATTT AACCEBCOGATAATACCTGGAGT
GTCAATETCACGCT CEACEECO0COCGETCAGCS TTATAAGTT TRACCOCTAC TG T GAT TOGTCCACCAACTACEGORATAACAATAGE
GATEGCATACTCBATAGCACGEECARTBACHT TOTCG A TRECUGAMCCGET AACGTCACCTTOCAAGT AAMCGACAACAACTTGICTTAC
mmmmmmmmmmammm%
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5. Nucleotide sequence of the agarase geme (pjad) and
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the

deduced amino acid sequence. The open reading frame is composed of 1926

nucleotides and 642 amine acids. The putative -35.-10 regions and S.D. sequence are

underlined. The putative protein ligands of chloride binding site which compared with a-

amylase are black boxed. The sequence reported here is available in the GenBank Data

Library under the accession number, AF153911.



residue’} WSO RBE R 4 haloplanctis®]  a-amylase(GenBank

accession No. X58627)9} 45%9] identityE ® 9t}. (Fig. 6)

Chloride binding site of PjaA

529 v ABE 2 a-amylase 7} chloride B]9)&A & 4904 vha) 4.
haloplanctis 2| a-amylasex= chloride® T 27 &} enzymel @ 3] AT}
o] chloride binding ligands = A. haloplanctis, Drosophila melanogaster,
AFsed A4 A4 52 TP UL 2 sourcesEHH UL o

amylaseo| M & EAdln YE Hoz HuHx 21t} Chloride ion

rio

amylolytic activity®] allosteric effector® @&z gon Tnmaze o
[s]

chioride °1&4 a-amylasec] Z29) conserved chloride binding ligand 7}
Y

PjaA enzymeol| &= EA)3hcli= A o]} (Fig. 7, 8)

Conserved chloride binding site of f-agarase and a-amylase

1996'1  Feller et alo]l 9|3 site directed mutagenesiso] 93] 4.
haloplanctis®]  a-amylase 2] chloride binding®l W# FzA. 7]%A
SRAM AT} o] ZoATE W o] Aifo] MEW Arg-196, Asn-286,

Lys-324 ©] Al amino acid residue”} chloride ion bindingS 93 protein



pjad: 32 gﬁnss mm GPKG JLAVOISPENEHILG eORNTRVORS]
any : 16 BLIPSIATATP HLGPRGIEAVOIREPIEHINC SO TRY O

% KB 2
any : 75 VS-S 1D ) SFGNKS 131
agy : 1 n 151

Pidﬁ’ 266
any 249
pjaA: 324

amy : 250
Jo3 7 By YL ANVEMLAYPYGYPK) % 1GEPAPG

PY R N ANVEMLAYPYGYPK NV

pjak: 382 W& b IALEGRO VG YN e 18 441
any : l'h SRS HMAIRKED 429
pjak: 4 3

any no mzr.sm S 475

Fig. 6. Amino acid comparison of the PjaA from Psenudomonas sp. W7
and the Amy from A. haloplanctis. Black boxes show 45% identity between the
PjaA and the Amy. The sequences were aligned by using BLAST search system in NCBI

( National Center for Biotechnology Information).
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* 20

EjaA : HKAIALPATPKR'@#QKTFTRLPFKoﬁvc; »HL
9i|B247215 : —mre—o ——-MCGER ppREpGR a9
4111327488 ¢ --- - FNKSLEA &9
9111177847 % 69
qi]72689481 A 61
5 DGA ECE LGRRGF avaGseP
l4n * 160
Pjam : HLVE GNYGVDG TWWA PR DY BE| 517 181
gi|8247215 HCKGOGT - AGS SEDSEAL SYRH onr 137
gillizv4sa 136
gii1177847 136
91|7288481 14¢
Biak : 237
3168247215 : 218
gi|1327458 214
9il11778497 214
4i{728648) 221
Pjaa H 315
Fi1B247215 ¢ 297
gi]11327458 298
gil1177847 294
911728848 | R g 299
& p Yty BTEF
Bjak : 1 392
gi}8247215 : 374
gi|1327458 : £ 370
9i|1177847 i 370
3i|7288448) - 13 1) 375
WyC2bRw  6aNMV FRn
Bjah 1 487
9i 18247215 ©443
qi| 1327458 T 451
gil1177847 i 451
qi}726848( : 398
Pjak + Gag
gi| 8247215 : 457
4i11327458 g DCDDGEKK pa e LCYDRAANGTS PTEH MGG pAGS LENARY GDEY : 526
gi{1177847 uf' GORCT —uconcsxxpagpﬁw.wgcymmmspmz.ngwsgcmcsm iw TMEANGDFY @ 526
gil728848| tsns‘r'ﬂl W¥PRCRRSRPARTRTSWEAMTFAAAVME : 434
aah ga g
* 580 * &0n > 620 * &40
PiaR : NQL‘ATDSR“VSXQVGGW! ISHPMYE‘RU'PENGHAASEHTLVDDHTWQLDVQEDGQMQRPKE‘DLAGDHSQNYGDNNTL? 1 629

9118247215 @ -
gi) 1327458 : cHD\-ETELssvarsungs;g
911177647 CHDVETELSSWV',IFsﬁgmnxnhmnmcvsu&f
9i{720848)

TTIGTCY SDEEWKSLABCGF TLITENDEDEGNATQICY GNEQGESQPYLYFWNY @ 607
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ai1824721%
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688
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9116247215 :
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Fig. 7.  Amino acid comparison of the PjaA from Pseudomonas sp. W7
and the amylase gene from other microorganisms. PjaA : Pseudomonas W7
agarase , gi|728848 . Aeromonas hydrophila amylase, g i[1327458 : Pseudomonas sp.
KFCC10818 alpha-amylase, gi[8247215 : Halomonas meridiana alpha-amylase,

gi|1 177847 : Pseudomonas sp. KFCC10818 alpha-amylase



Pseudomonas sp. W7 B -agarase 207 : 217
Alteromonas haloplanctis a -amylase 191 | ; 201
Drosophila melanogaster a -amylase 197 | : 207
Vertebrate pancreas e -amylase 202 B 212
Pseudomonas sp. W7 B -agarase . 307
Alteromonas haloplanctis a -amylase 291
Drosophila melanogaster a -amylase 309
Vertebrate pancreas o -amylase 315
Pseudomonas sp.W7 A -agarase 344
Alteromonas haloplanctis a —-amylase 329
Drosophila melanogaster a -amylase 348
Vertebrate pancreas a -amylase 354

Fig. 8. Alignment of the chloride binding site from several chloride
dependent a-amylases. Black boxes (asterisk) are protein lignads for the chloride
binding. Shaded boxes are identical residues. GenBank accession numbers of 4. haloplanctis,

D. melanogaster  and vertebrate pancreas are X358627, X04596, and P0O06SS, repectively,

NN
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ligand 24 A haloplanctis °] enzyme activation®] 28 932 30 (Fig.
8), basic residue}] Lys< chloride 2]&2 g-amylase WollX & Arg®
AgE = W Arg 9F Asnresidues = 9 W87 Y. Pseudomonas sp.
W72 PjaA ©ll*] chloride binding ¢ 4l 7H2] residue™ Arg-212, Asn-302,
Lys-3392 et PjaA 9WE L2 4. haloplanctis a-amylase®} 3133

€ agarase?| sequence®} W3] 2w} PjaA= conserved chloride binding

ligands ¥t& FF o7 71x 1 9o},

Effect of chloride binding site of [Bagarase

PjaA THMA  enzyme activity®] NaCto] v|x&= 93e ojn] H

ok

ATl Ha et alol o8] PjaA @Al agarolytic activity 7} NaCl
FEE 0OM 7HA £9E o HAoldcka Bud v gk M Deduced
amino acid sequence®l 9J&lH, PjaA ©d Ule] o] conserved binding
ligands 7} enzymatic activity® ZAatE ® v]asicin B 5 9o}

et FE29 7S @3e UE o 28 A3 7 s

ro

Overexpression of the pjaA gene

E. coli WA recombinant agarase 9] expression = Y& A lac promoter

27



o9 2E& 0L F Av DAY agarase geneS T otebs pJAI plasmidE
AZBACE . 221} pIAL plasmid 7} transformation ® £, coli IM83E H&
GO enzyme & gabapoiv FHEIS F74A717) Qe pEAGS plamsidE
PCRell 2] &} construction 3+%1TH(Fig. 9) Fig. 100 M 50] pEAG3 plasmid &
EZEHE transformants= PjaA T o] sFEl= 71kDa protein < ek
B89t Sonicationo. B M XS H A7l % insoluble fraction® T}
soluble fraction®ll 4] ¥ ®-2 PjaA proteino] #BEE Qo9 o= PjaA
e} ojojndt MEE EASE u) hydrophilicd AL vhelya

Atk Apz 2 B} e Aew 4w,

Truncated plasmid of pEAG3

C-terminal region®| 7]'5& ol&l|3ty] Y& pEAG3 plasmid =58 3’-end7}
deletion ¥ plasmide&  AZ& T pEAG3 plamsid®] C-terminal©]
truncated ¥ fragmentE FE3E= 3709 plasmidE L 9L £ glgon
°| £ 2z} pEAG3-1, pEAG3-2, pEAG3-3 plasmid2} 1. W |39t} (Fig. 11)
PEAG3-1, pEAG3-2, pEAG3-3 plasmidE 8= E coli transformantS &
22} 58kDa, 52kDa, 44kDa 2] proteing 4 F# 02 o LdsAn), (Fig.
12)  PjaA T 9] C-terminal Z5-E] 182 amino acid residue”} deletion &

PEAG3-2 plasmidi=  pEAG3Y pEAG3-1E.T} plasmidSo] AHAM8H=  PjaA

Z 8



Fig. 9. Flectrophoresis of PCR product and pEAG3 fragment.

Lane 1 : Molecular weight marker(A-DNA/HindI1])

L.ane 2 : PCR product

Lane 3 : pEAG3/Nde 1. EcoRl



Fig. 10.

Time Course yield of E. coli BL21(DE3)/pEAG3
Lane 1 : £ coli BL21(DE3)/pET-22b(+)

Lane 2 : Molecular weight size marker

Lane 3 -8 : Cell extracts from E.coli BL21{DE3)/pEAG3 cultured

for 0,1,2,3,4,5h after induction, respectively
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Fig. 11. Deletion of pEAG3 sith exonuclease III and the molecular

weight calculated from DNA sequence
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Fig. 12. SDS-PAGE with pEAGS3 deletion mutants
Lane 1, pET-22b(+)
Lane 2, molecular weight standard
Lane 3, pEAG3 ;
Lane 4, pEAG3-1
Lane 5, pEAG3-2

Lane 6, pEAG3-3



flEe FEAESHRC  agarolytic  activity?}  FAER o0 1,149bp 7}
A ¥ pEAG3-3 plasmidi= agarolytic activity 2 44 3] A a9l o) (Fig. 13).
ol Ax}elA PjaA @A Cterminal 5E] truncated @ amino acid

o}

oF
=

re

2

ilo

¥

residue 7} 57H5ko) M} agarolytic activity?} Akl
T Atk ©)= C-terminal®] amino acid residue 7} agarolytic activity =
PR o9 F etk AL 2Et}h SWISSPROT sequence data basesS
°] &% homology searcholA] truncated C-terminal region®] amino acid
sequence Clostridium thermocellum ** 2] celiulaseZ coding3}h= cell gene}
38%2] identityE 7HA ™, C. histolyticum *” 2] collagenase codingdte colG
gene = 36%9] identiy® ZFETh eIyl o] regiond EWE 7)o
i obd Hahe] wha =] gt}

Endoglucanase, xylanase, chitinase 52| B polysaccharide hydrolytic
enzyme =°] ¥E&E, A&, uAEoM dojz ) o enzyme & 2| conserved
domain & vi-p- Y FelE A glok 2@ agarolytic systemo]
Toldhs AR domaind o}d WA @e AFuT dolgle] goz

0 Be 9t 8793 Qo

Effect of inducers and host cells for overexpression

PjiaA @ H 7 I FEAESS 2 59 oF2 inducers} 3E R vl
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Fig. 13 Agarolytic activity of E. coli BL21I{DE3) with pEAG3 deletion
mutants. Agar plate was stained with L/KI solution (0.05MI, in 0.12M KI)

I, pET-22b(+), 2, pEAG3; 3, pEAG3-1; 4, pEAG3-2; 5, pEAG3-3



host strains ©]-83t4] induction A Z T}, Pseudomonas sp. W7 2ol -
agarase 7 AAE ZP= plasmid pEAG3E E  coli strain BL2I(DE3),
AD494(DE3), AD494(DE3)pLysSell transferAl# 92 transformantsS Z}7}
IPTG} lactoseE inducer® ©] &3} agarase LAHFE FAlsrgt}y. 2tz
IL culture®] cell HFNHCZHRE 50mg? soluble fractiond 358
agarase activity & 57 8F3l ok,

Table 2] A 520], pEAG3 plasmid7} transfer®|oiE  E coli
BL2I(DE3)° 4] lactose® ©]§-3 inductiono] M 2] agarase activity= IPTG
induction ¥t} 4.5m) FuerH = host3! AD494(DE3)9}
AD494(DE3)pLysS A& & A3lE eyl

A2 k2 host 7+ agarase activity 9A] B @FAC £ coli
AD494(DE3)Z 55  Ydolxl  agarase”} BL21(DE3)lA 9-&  agarase® t}
E activity® WERSLOM, 53] AD494(DE3)pLysS7t agarase 2o A]

7H 8 A< host® ZAFE 9T}

Effect of lactose concentration and incubation time on

overexpression

4ol A Exonuclease MME o 8-8l] agarase FAAZE deletiondhil 1

TAAES] dFHEE protein (PjaAl and PjaAl)2) =42 #3s9lch



Table 2. Effect of host cells and inducing agents on overexpression.

Strain Plasmid Inducing agent Specific activities (U/mg)
BL21(DE3) pEAG3 IPTG 0.224
BL21(DE3) pEAG3 Lactose 0.918
ADA454 (DE3) pEAG3 IPTG (.352
ADA494 (DE3) pEAG3 Lactose 0.917
ADA494 pLysS pEAG3 IPTG (0.498

AD494 pLysS pEAG3 Lactose 1.499
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°] 5 truncated agarase gene ©-2 E coli AD494(DE3)pLysSe) transferA] 7
agarase proteing°] WEFHLAH =X Alslgicy. o A oglsddd
agarase %1 PjaA, PjaAl, PjaAll A ES cell lysate® ¥ SDS-PAGER
g = ATt (Fig. 14).

Lactosel] 218t LA E coli WollA] lactose?] H3] AEZ
AAEE gluicosed] o] ol AddE F dx JMsHol dnix
Azrso] g M olZ HAQ3F7] I8 lactose X9 Mgk A7)
agarase 'Ho] WX gL FAM) HSG} pEAG3-1 plasmid?}
transfersl £ coli AD494(DE3)pLysSi lactose H%=F lomM7bA HAt
FI7AA FEA AEEAY. a2 Ay wfHe] HIFE lactose o %o
0.5mM oA 10mMoll 0] 271714 agarase T o] WL JFFL wx
Gis A S AT (Fig. 15).  Fig. 16914 PjaAl T F 0] lactose

induction ¥ HlSF AJFbe] whE} W= o

o
o

ZAMEE A SR agarase
Wi d o] induction ¥ 2A17F FRE cytoplasm o] 2HHL maFEm

Q21 lactose®] <7t repressione A3 B =] gk},

Purification of PjaA protein and truncated agarases

C-terminal deletion®l]l ¢ 3} aparase activity®] Q&S ZA}8F7] 43 truncated

agarase?] PjaAlT} PjaAll B 25, 78] 3 intact form¢] recombinant agarase

37



Fig. 14. SDS-PAGE of overexpressed agarases from E. coli AD494
(DE3)pLysS harboring pEAG3 and derivatives.

Lane 1, molecular marker (low range molecular marker

lane 2, PjaA (pEAG3)

lane 3, PjaAl (pEAG3-1)

lane 4, PjaAll (pEAG3-2).
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Fig. 15. Effect of lactose concentration on expression from E. coli

AD494 (DE3)pLysS harboring pEAG3-1.

Lane 1, molecular marker
Lane 2, no lactose

Lane 3, 0.1 mM lactose
Lane 4, 0.5 mM lactose
Lane 5, 1 mM lactose

Lane 6, 10 mM lactose



Fig. 16. Time course yield of PjaAl produced in E. coli AD494

(DE3)pLysS harboring pEAG3-1.

Lane 1, molecular marker
Lane 2, not induced

l.ane 3, th

Lane 4, 2h

Lane 5, 3h

Lane 6, 4h

Lane 7, 5h

Lane 8, 6h



PjaA A S AR 7 plasmid 9 C-terminalol = 6702] histidine
aile] o o SilA=s A7l Al metal chelating affinity
chromatography £ ©] 8-} T} Cell lysate?] soluble fractionS Ni-IDA column
(Novagen Co.)°ll loading A17] 1 0.5M imidazole® elution A7 t}. Elution®
agarase® 20mM Tris-HCl (pH8.0)2. 8 K43 3 SDS-PAGE Aol A]
A48T (Fig. 17). AAE recombinant protein 5-2}2Fo] Z}zh 71kDa,
58kDa, 52kDa® WER} DNA sequence 25 E] A4Hs k3 A3 3]ch. Table
32 Ni-IDA affinity chromatography = truncated agarase® A Al&t:= 73S
e A o]t} Purification yield 9} specific activity~ C-terminal 2] Z o]
A7 s W Ao® Yelgrh a9 agarase PjaA, PjaAl, PjaAll
A E 2 specific activiys ZFZE 5.0 Uimg, 31.0 U/mg, 1.2 U/mge s
VHERSEEE PjaAll © A 9] specific activityys B AIE enzyme?] kol n]3)
Wi A U Agarase PjaA whld 9] 247 thE postoll A} IPTGE}
lactose=  ©] &3] inductiond AT}, specific activity: A2 gtor}
purification yielde= # 2] ujs=gv}

AT agarase 59 agar degrading activity:™ 7}Z} agar plate9} liquid
assay® F3 ZAISERITE Table 37 Fig. 189141 ® 50| agar polymer:
liquid elL} solid “elollA] =5 agarase activityol]l GeFL FA &okch.
Fig. 19 PjaA @A 3} truncated agarases 2| extracellular agarase activity S

agar plate ol A testd Zlolth o] cytoplasm @ 2 %-E A )3t agarase

41



97

66

45

31

21

Fig. 17. SDS-PAGE analysis of the purified agarases from pEAG3
derivatives. Lane 1, molecular marker; lane 2, PjaA; lane 3, PjaAl; lane 4,

PjaAll



Table 3. Comparisons of agarase activities through purification step

against various E. coli strains and recombinant plasmids.

Total Total Specific Purification
Strains/ Inducin Yield
Protein  activity  activity
Plasmids g agent (%
(mg) {units)  (U/mg) fold
BL21(DE3)  Celllysate  IPTG 50.7 12.1 0.2 100 1
/PEAG3 Purified enzyme 0.6 0.4 0.7 39 32
AD494pLysS  Cell tysate Lactose 51.7 77.9 1.5 100 1
/PEAG3 Purified enzyme 0.7 3.5 48 45 32
AD494pLysS  Cell lysate  Lactose 50.8 101.6 2.0 100 1
/PEAG3-1 Purified enzyme 1.1 34.1 305  33.6 15.2
Cell lysate  Lactose 52.7 55 0.1 100 1
AD494pLysS
/PEAG3-2 Purified enzyme 0.6 0.7 11 137 1.1

Each strain was incubated at 37°C in LB broth containing appropriate antibiotics. When the
absorbance was 0.6 at ODg, IPTG or lactose was added into the culture to a final

concentration of 1 mM, and each culture was further incubated for 3 h.
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Fig. 18.  Agarolytic activity of purified agarases from E. coli
AD494(DE3)pLysS harboring pEAG3 derivates. Agar plate was stained
with I; /KI solution (0.05 M 1, in 0.12 M KI) A, PjaA; B, PjaAl; C, PjaAll; D, Tris-
HCI (pH 8.0). The puritied agarase (12 pg) was laid on the 1.2% (w/v) agar plate in

20 mM Tris-HCI (pH 8.0).
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Fig. 19. Agarolytic activity of colonies from E. coli AD494(DE3)pLysS
harboring pEAG3 derivates, which were cultivated on LB/agar plate
containing lactose for 12 h. A, £ coli AD494(DE3)pLysS harboring pEAG3; B, E.
coli AD494(DE3)pLysS harboring pEAG3-1; C, E. coli AD494(DE3)pLysS harboring

PEAG3-2; D, E. coli AD494(DE3)pLysS harboring pEAG3-3.



olAfel At AAEH  (Fig. 18), C-terminal region®] agarase®

extracellular space ™ 9] secretion®l] A& FA %&-& o F 9}

Thermostability of agarases

B-agarase PjaA, PjaAl Tz £ o thermostability = irreversible thermal
inactivation curve® FE A FALEATE (Fig 20). Intact form ¢ PjaA
A o) agarase activity® 2 E7F molFe) w}at A FA3HE T PjaAl
Gl 0TAAME 60%S activiyE F2SHE A pjaA oA L
50CY W 20%9  activityZ  7FR AL itk soRelA] Bl

]

Pseudoalteromonas 2| agarase = 9 A PjaA

e
o)
iy
e

RLE
thermostabilityE R.od5=31 v} . 121} thermophile2 9] & yiiie]

marine microorganism & = 78] 2| agarase = thermostability 7} 50CE d x|

o Ao® HuHg Y.

Kinetics

PjaA%t PlaAl ©@MAE9 K, value 9 K, value® T317] 93] hyper
program (ver.1.15)°1 4] lineweaver-burk plotS ©]&3t%c} K, value 9} K,
value= non linear regression analysis® A2 T PjaA2} PjaAl THad 4 9

Ky valuew 742} 10mg/mt 1.7 mg/mlZ YEFSETE  Catalytic efficiency (K.
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Fig. 20. Stability of agarolytic activity as a function of temperature.
Each enzyme was preincubated at different temperature for 30 min. The open circle means

the agarase activity of PjaA, and the solid circle means PjaAl activity.
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/Ky )iz ZH2E 302 min (mg/ml)! b 154 min"(me/miy’ Ao} K. /K,

value®]  zpolol A pjaAl wraldo] pjaA AR substrate binding 3}

sequential reaction ©] T &Aolets & &

4 1A} (Table 4)

o
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Table 4. Kinetics of PjaA and PjaAl by Lineweaver-Buik plot

I(m Vmax Kcal Kcal/Km
T
vpe (M/me)  (min*mgm)  (min')  min” (mg/mey’
PjaA 10 0.37 312 3.12
PiaA 17 0.31 262 15.4
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Fig. 22. Overall structure of Alteromonas haloplanctis a-amylase
Domain A is colored in cyan, domain B in pink and domain C in Blue. The active
stte with the three catalytic amino acids is shown, as are the calcium ion{yellow

sphere) and chloride ion(green sphere)
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Fig. 23. Putative structure of PjaA and truncated PjaA proteins and the
relative activities. The black boxes indicate the conserved domain A and C,

respectively
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Fig. 24. Putative structure of domain A of PjaA
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Fig. 2S. Putative structure of domain C of PjaA
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Fig. 26. Putative domain structure of PjaA
Domain A is colored in blue, domain B in gray and domain C in brown. The active
site. with the three catalytic amino acids is shown, as are the calcium ion{pink

sphere} and chloride ion(red sphere)
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enzyme activity 7} 5718k A& #A8c)
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L F2 2504 20%2] activity THo]l @olsle] thermostabilityoll A = 2
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