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AFoA= HE2 cDNARZ A 23s ESTs database (1,17071 2] cDNA clone)& ©]
st A2 FHAAE Fol I JeE EA%t, Hoh ZdHQ A 24 HHES
stz shed T

13 @ ol & juvenile abalone whole tissue®] mRNAolA] cDNA library& Zﬂﬂfﬂ-
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< EXECUTIVE SUMMARY »

Expressed sequence tag cDNA
Keywords Abalone Actin promoter
Transgenesis Electroporation

There are two objectives to this proposal:

1. to unveil genes expressed in abalone through screening of expressed

Purpose sequence tags prepared from whole juvenile abalone.

2. to develop an efficient method to transfer exogenous DNA molecules into
fertilized abalone eggs by electroporation.

Molecular genetic research in aquatic invertebrate, abalone lags far behind the
research in other species mostly due to lack of genetic information and gene
transfer methods. In order to overcome these problems confronted by researchers,
we will make a useful contribution to abalone research by establishing an ESTs
database prepared from cDNA of abalone to identify novel genes and characterize
the function of genes. We will also develop an efficient way of transferring
exogenous DNA into fertilized eggs of abalone.

The research efforts concentrated on two main projects:

1. to identify genes expressed in abalone, we constructed a cDNA library from
mRNA isolated from juvenile abalone and determined the DNA sequences of a
Contents large number of clones (1,170 EST clones). The sequences of clones were
compared with dbEST to analyze the genes.

2. to develop an efficient method of transferring exogenous DNA into fertilized
eggs of abalone, we constructed an expression vector containing proximal
promoter and enhancer of abalone actin gene to express a reporter gene, EGFP.
The vector was introduced into fertilized eggs of abalone by varying
electroporation conditions such as voltage and capacitance. We also tried to
introduce the expression vector into fertilized abalone embryos by microinjection
method.

3. We cloned cDNAs of enzymes involved in the protection of cells from the toxic
effects of reactive oxygen species and analyzed the structure and function of the
enzymes.

1. Constructed a cDNA library from whole abalone and analyzed 1170 cDNA

clones

2. Cloned beta—actin promoters from two abalone species and constructed

expression vectors containing abalone beta-actin promoter and EGFP gene as a

reporter. Also tested the activity of the promoters by microinjecting the vector
Expected into fertilized zebrafish embryos.

Contribution |3. Obtained survival rates of abalone upon electroporating fertilized embryos with

varying voltage and capacitance.

4. Cloned genes involved in protecting cells from reactive oxygen species and

expressed in E. coli. Purified the proteins and characterizing the enzymes

5. Four graduate students had opportunities to learn techniques used in molecular

biology and learned to carry out their own experiments independently

o S9A] AN
1) For= BAR 194 35 BE5 2 A Hefe 7]
2) SIHA2Y ol A= SRz Aol sl FAsE ATE Kk S PNHE FHOR A
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A &L 12point, EZ UYL 10pointE A ZF7 7HEL X3 J}5E

Bautista—Teruel and Millamena, 1999), = 3
5, 2000a) 243 FAFEd WE FAHE F (P 5, 2000b)59] theFdt AFEe] o]Fojxal gt}
Lo AES FHH R fAbeta, A il °

Eoldmt & & TY AEINH 542 #aled odHeel Ak ol sZAsr] st =l - QelA
= FAEgHd MHor HZAxAY FHEAL B4 (I 5, 1996), RAPD (Huang et al., 2000, ¥ %,
2000), minisatellite gene %4 (Huang et al., 1997, Huang et al, 1998), COI (Cytochrome oxidase
subunit I) gene ¥4 (X 5, 1999), A& HAA o] £A3}= lysin WA Ex+Z v (Kresge et al.,
200Dl AT AT F EFG HAEF EAo o3 AES AT IS B (Miyaki et al,
1997; Miyaki et al., 1999) 2] genome 57 FHA o] A A= o] FoJAaL ¢

ok ol9le = A FE (chromosome engineering) 71 & ©]-&3% AulAl A5 Aito] A EHJL
(A &, 1997), red abalone (Haliotis rufescene)oll Xl actin promoter FZAE S22l HAFEo] &F
AE AEBS AAE = 9= expression vectorE NGt (Gomez-Chiarri et al., 1999). L&}, ©
Afo] ALEH FHAE AE Fd F2A7F obd coho salmon growth hormone §HAE o] &3k 7o

.

A ghe Aol

A& genomeol #F FR T DB LIHE FAAS dF AHA EA7 AE O g FAd
2ol aeH gl oA R v FHE FHAFEIEo] AF] HHHA Xt e olfrolth ol &
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J = =

Ao en E4IELS 7P (WY, 3ZEST7H A2

W Sy A A
ESTE 54 /AW genome®] AAlES tEsts Ao A A=, AFFTE, FE= Sl A=
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2 ESTHE BH, 909 FHbell= oF 4087 F=d oy, 109 Atele] 39nty) o] o] S5 Aow
Hol Frgo] Foxow FrdE & F AW GenBankdl $5E o7 EST= F8 44
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S #Fesly] Y wHor HAEA LI E mRNAES FIHOE cDNA libraryE 9HEo]
cDNA clone (¢F 1170709] clones)?] sequenceE &3ttt &Ad3H ESTse AL dbESTSIY] ®lw
wAste] theke AW, dial, BA, &3t S #EE fAAET AEAA RAFHE AR fFHARE
ottt 2ad Tl = AR AP Mo 8rel 7hebHE-9] aetin promoter FHAHeF reporter gene
2-3}o] expression vectorE A ZFslgth o] = zebrafish®t A& A eho] o] A3} repporter gene
LAGES EAsATh olgA SR 71&& FEY transgenic Aol 7|¥ko] & Fo]m, o] AT
vk 2 FHAEL transgenic abaloned A4t % F ALzl selection breeding, %13}

7 A 9 AZEEFE Y3 polymorphic marker® ©]-23% 4 Q)i abalone gene mapping,
, Steba o] F Tl ogk JRAU vhFe [AF 2H 71 T AFE JH5EH

= 2499
ATFFRE Aol BT MW, AN, B4, B5, o EA AH Aot mu A F

2.1 7V'%A B (Haliotis discus Reeve) 22X E mRNA &7

Aololes MBS #g o]gatel A/ HUH b, AARLE F& 525 mRNAE FE%
A tubeol go] -80Cell B#aFth mRNAE S ALF F 05 g A ZFelA hot phenol ¥4
o] &3} total RNAE #2138ttt (Verwoerd et al., 1989). 2% total RNAZFE poly(A)+ RNAS
PolyATrack mRNA isolation system (Promega, U.S.A)S ©]-&39f mRNAE EF g A2 w7}
Al ethanolell Fd€ FeiE HAsgio

=

=

2.2 Unidirectional sequencing= $]3% cDNA library A%

cDNA library= ZAP-cDNA synthesis kit (Stratagene, US.A.)S A}-&3lo] A ZA &gt Aoz
E] $%% mRNAE template® AM§3t1 5% ATALFA XholE EF8= hybrid oligo(dT)
linker primer, reverse transcriptase, 5—-methyl dCTP, dATP, dGTP, dTTPE A}-&3}o first strand
cDNAE 2439t First strand cDNA 4% RNaseH, DNA polymerase, dNTPE A}-83}%] second
strand cDNAZS $/43} 1, pfu DNA polymeraseS AF£3l9] cDNAS] T2 blunt ends® TEQT. &
4% double strand cDNAe¢l| EcoRI adaptorZ ligationdt ©We Xholo 2 HAW3dle] 5o EcoRI
restriction siteE 3'ol= Xhol restriction site® 7} ¢cDNAZS 4L F 9ggth dd3dl cDNAE
Sepharose CL-2B gel filtration medium® & size—fractione 33 &, Uni-ZAP vector (Stratagene,
U.S.A)ell 4493t4 phage packaging= 433}9] primary library titeringS <33t th

2.3 Plasmid preparation® DNA sequencing

A 2tE primary libraryel 4] plasmid DNAZE 7] 93] in vivo mass excisiong 33t Z 11707Y
9] colonyE F&EY 2 Aestgt. AeEE colonys= ampicilline] -2 LB broth 3 mlell H£8x 37
Coll A A wjoFslgd el Plasmid DNAE BioneerAte] AccuPrep™ Plasmid Extraction Kit2 Ab&3}od
23kt 28¥ plasmid DNA sequencing< (F)rta 2 Ao 9] slity. 18] a1, sequencing= 9%
primer=  pBluescript SK  vector® multiple  cloning  site9] A G ol A AB  primer
5-CAAAAGCTGGAGCTCCACC-3 ~ & tA3late] (F)utol 2 ujolelx] F2dale] Algatgltt.
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dlelgulol Aol fdx e gl fAME fAAE AASY] fete, dUIAE ARFE EE
clone®] A ¥9& PHRED programell ¢33} low quality sequence (ambiguous sequence)E A7 s},
cross_match program= ©]-&3to] cloned] WEHAMEE A A= trimming 78S ’“53 stedtt o] A 4Q
£3& TIGR assembler v 2.0& ©] 23t assembly #A 2 AZF & BLAST X9 N ¢ ﬂ%’a‘ 53 d
olH o] A §HA A5 AL ST, E-value <107 o3 glo= J—Eﬂﬁ}‘}i‘jr.

2.5 A o] vectord AZF

A& FAe dHFdAY FFHA olAS $13te] tha Zo] Ud WHE AZsidn. d&
actin promoterE EcoRI# BamHI ATHEYE 7}7 primergs ©|-&3lo] PCR $Z3}l1 pBluescriptll
SK(-)9] Hincll restriction siteel subcloning3dl$ th. Subclone® EcoRI¥ BamHIS o]&3to] Awst
T A ASa T4 DNA ligase® ol g3t e ATFELZ APH pEGFP-1°] ligationdtdth. A&
actin promoter®] FH2 TIAHEE wlwEXNI7] Hs AFEE  control2A] CMV  promoter®]
downstreame] EGFP reporter 471 &4¢1€ pEGFP-Cl1& AF&3} ).

2.6 Zebrafish A &S o] &% AE FHA o]2 vectord &AE F<l

TR JYFAAE T8t AAME S 7Y FHD
HAEL 1do] 13 (A5 10 - 11€e)] Atgh) Atgksles 5
He th oy gol Unh oo ST AsEFzHo]
zebrafish®] one cell stage embryool #|ZE §7d2} o]2] WE E microinjectiond}o] actin promoter<]
A s TR AstelA HFE T

2.7 Electroporatione ©|&% 714AE £A S J&F F34 =¢
uv 1}39‘ = el Zhed s AT FA BEn e %Eﬂ‘i‘”ﬂr. = 33 AAE 4
st stk 8" ¢ 90 micron screens o]§3te] B TR Al W MAI FH e, Y

o] AAE AAsIT FE embryodl 9 FHAE Y3 -‘1’43}04 ECM630 (BTX corporation)<
o] 83} voltageS}t capacitance® 2Elste] 33t th (50-300VEeF 25-1004F).

= a
Aste 4 e ohe ddstel mmid - FAAY 5

3.1 7t AE X 2HE AZFF cDNA library 4
(AFAgn ASFAEFE GA A FEA)

19448 7t9bA 2 22 283 mRNAZ o] &3t9] double strand cDNAZ 3733t Uni-ZAP
XR vectorel ligation 3 % Gigapack III Gold packaging©. 2 1.0 x 10° pfu/ml¢] primary lambda
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phage libraryE #E3lgth. Librarye nonrecombinant Hl&L2 ¢F 5%oln, T A2 20714
recombinant plaque< A &3&to] PCR A, insert size= ¢F 05 kb - 3.0 kb& %31 g2 &3}
9 th. Primary lambda phage library 2% E plasmid DNAS <7] 18] mass excisiong 33t 1 x
10° pfu] primary library 258 1.2 x 10’ cfu? phagemid particle &E391, o] alkaline lysis
o] oste] oF 1170709] plasmid DNAE E2ste] @7|MAEA S Pt

O AZE Table 1o 98t veluigitt 1170709 clones 97142 43 trimming 2 3
= 9F 109671€] cloneo] {2+ ZHAe] o]&d F A HFHOE ZAHUH. o] A EE assembly
& Tt 489719 cloneo]l Y FHAE zta g+ 150709 contig®t T FAAE 2zt A
k= 607709 singletonC 2 EFE ¢ o™ whole libraryd redundancy® 45%% &5 ¢ttt BLAST
algorism (BLAST N# X)& =3 dlolgwlolAa o §AFS A A Al 757709 FHAF 4247
(56%)2] A QGo] do]lE o] Ao EE5 0] 9= known gene (37%)3 EST A& (19%)e] tistd £9
3 FAME S Bt o|F Haliotis &olA] 2% cellulase, collagen pro alpha-chain, lysin E+
microsatellite A dell At oF 18719 A MAE A=A 283, U™ A 33370 (44%)9 A
g2 dolEuolAY oW A MEFAE XA s ZASF Hol unknown gene v A|E R
AR FRlxo] gto 2o 4AT AVIMYE &4 7Es I dQst

424719 " M DL cellular putative functionol] 71%38t] 14719 2o g2 EF39tt (Fig. 1).;
7150l ¥EAA &2 EST AMYeo| <dXdtE= unknown function (34.4%), enzyme (19.1%),
structurgl/cytoskeleton and cell adhesion (10.4%), ribosomal proteins (8.7%), transcription and
translation factors (5.2%), signal transduction (5%). carrier and storage proteins (2.8%), cell and
organism defense (1.2%), blood coagulation (0.9%), development and growth (1.7%), fertilization
(2.1%), ATP and energy metabolism (1.7%), 32 MGl Azt 7]5o] HF3] v xA] &
unclear classification (4.2%), repeat sequence (2.6%).

Table 1. Characterization of Haliotis discus Reeve whole tissue ESTs.

Total number of ESTs sequenced 1170

Total number of ESTs analyzed 1096
Range of insert size 0.5-3 kb
EST clusters 2 150
Singletons b 607
Redundancy * 45% (44.6%)
Known genes 424

No hit 333

a ESTs with 90% or greater identity over a 100bp region were clustered.
b No match any sequence in the data set to allow assembly
¢ Redundancy= number of ESTs assembled in clusters/total ESTs

Functional group% 7F& & 152 344%% 191%= XA 3F+= unknown function¥} enzymeo] ™, F

WA IF5& structural/cytoskeleton protein®} ribosomal protein® & 10.4%%} 8.7% = x}x| gttt a8z

7 2L 252 0.9%9] blood coagulation® 1.2%9] cell/organism defense®]|t}. 7} e 4=9] clone

S ztau 9+ unknown function 1F2] MIAES X, oF 50%2 Ao zebrafish, mouse, human,

IP:14.49.138.138, 2017-11-03 15:20:29
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OStructural/Cytoskeleton (10.4 %)

DRibosomal proteins (8.7 %)

B Transcription and Translation factors
(5.2%)

@ Signal transduction ( 5%)

BUnclear classification (4.2 %)

-, O Carrier storage proteins (2.8%)
A 8r& o [e))]
Drosi selA 4 B Repeat sequences (2.6%) wola ”‘E]-'
o= AFgE 3 Al Fertilization (2.1%) P ARele] B
{A = 2 Zlo|t}. IO Development (1.7%) o] Fo] XA,
o= I Aot} (CD Energy metabolism (1.7%)

@ Cell/Organism defense (1.2%)
® Blood coagulation (0.9%)

Fig.1. Functional classification of Haliotis discus Reeve whole tissue cDNA ESTs.
The 424 ESTs were clustered into 14 categories according to the their putative function.

T HAg R tokdt A 8eS Z2uldE enzyme IE A= 81 clone® 64719 unique sequenceZ
g3t 9 ). enzyme 1Eo] dx3t= 81709 clone2 ©WA] cellular functionell 7]1%3te] EF3goh
(Fig. 2). 2 A3 hFEE] §F127F thAFEHH (protein, carbohydrate, energy, lipid and nucleic acid)
FH Ao LAt 9o, o] e o]l X neurotransmitter, unclear classification (7]%5°¢] H&3] &2l X
22 A2 AE)F unknown MGl AxFTS FAsATt. 53], lipid: protein: carbohydrate ] & o]
1: 8 : 758 el ot ol 194 749 AEX e 739 slxie] |43 AdFd o3 ALs 5
7h7b &dre] dojue AVIE, 9l ds grstE B X wde] &d] dojva JS5S 7 F

=
g 5 ook HEAQ B g BE FAARE Sl

¢

= Eajo] o3} cathepsin L precursor
¢} chymotrypsin-like serine proteinase, ©+3=2 tHAl #FHA FHARZE  cellulase, sulfatase 1

precursor ¢} iduronate-2-sulfataseE 913} th.

[ Protein metabolism (30%)

M Carbohydrate metabolism (27%)
[ Energy metaholism (11 %)

L] Detoxification (7%)

B Nucleic acid metabolism (5%)

O Lipid metabolism (4 %)

B Neurotransmitter (2%)

[[] Unclear classification (5%)

B Unknown (9%)

Fig. 2. Functional categorization of enzymes. The 81 sequences were clustered into 8
categories.

Ribosomal proteine R EF T4 YO E BHFE assembly9t rRNA A sto] #Tojsts duld=z o
Fst Lo wrEO]Z cDNA libraryolA s Qlth 2 ApoHs F HA 2Foz ety gl
o™ large$} small ribosomal subunit proteinel ¥=X|&h= 34709] unique sequence’t Q1% gTh
Structural/cytoskeleton protein GA] AZH cDNA libraryel w#} thekst §AzE0] L3IAF T )
2 Ao A= myosin-regulatory light chain, myosin essential light chain, tubulin q paramyosin,
collagen pro achain 5 AMX ZF73 FX9 & dullde] #AA FHAE] YEla Qo

EST &23 assembled sequence Z3tol 71x3ste], 71515 A Z2 cDNA libraryel A 718 ol
A= §F32 55& Table 20 98t YeRUt. 717 Eo] HAH+= 127019 3245 6719
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boulatory light
chain, pargs % : tia > , calponin-like
protein<
=4 T34
2001). &
& ol%, Hel 47

=% A9 | 254

hiponine A 3
(Jones et al.,
& %ol 9

e proteing H|

Table 2. Most abundant clones in whole tissue abalone ESTs

Gene description Organism Frequency
Calponin-like protein Mytilus palloprovincialis 29
SHG (unknown) Littorina littorea 12
Tropomyosin Haliotis asinia 10
Guanine nucleotide binding protein Petromyzon marinis 10
G-alpha singal transducing Haliotis rujfescens 9
Myosin-regulatory light chain 7
Myc homolog Crassostrea virginica 7
Faity acid binding protein Clonorchis sinensis 6
Tubulin alpha chain Oikoplewra divica 6
Paramyosin Mytilus galloprovincialis 6
Ribosomal protein L5 Argapecten irradians 6
Ribosomal proiein L7 Crassostrea gigas 6

32 wRA o]y HH TH FF EH
(AFHGE HFB=TT FAAE P v])

Clustal W 1725 o] €32 1140 bpe A|E2ES Bactin gene® A A3} 1144 bpel 7tubd&Fe]l B
—actin gene®] ME& B4 A3 95% FAHS WEFUTE Neural network promoter predictionell
3 BA Az AJBEQ Bactin promtoers 425 ~ 475 ntell 91X, 7R E LS 424 T 474 n.tol
g x3kg th. SIGNAL SCAN programell &ls] 4% o4 TATA box= AlEE [actin gene? 413 ~
418 nt, 7heA 5] 435 T 440 ntol A FAFJTH A]EE Bactin gene? 372 T 376 n.t, 408 T 412 n.t
FEo] CAAT box2 A=, 7tebd B8] A= 374 ~ 378 nt, 410 ~ 414 nt7}F CAAT boxZ
gl= .

Exon 1 ®}l2 RBE9 A7 de]| BamHI 92 ML 718t A2 reverse primeret EcoRI Q12
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Fig. 3. Expression patterns of EGFP derived from beta-actin promoters of abalones.
Beta-actin promoter of Haliotis sieboldii (A) and Haliotis discus Reeve (B) was used to express
the EGFP reporter in Zebrafish.

o] E0]9lE= 5 ENDY @714 4E forward primer® A &3t PCR %3 & BagmHIZ FEcoRI
of 93] double digestion® pEGFP-1 (Clontech, U.S.A)el Z=243}% zebrafish embryoel
microinjection®}$3 th.

Zebrafish embryooll 4] [-actin promoter (A]EE 531 bp, 7F9HAE 534 bp)ell ols] wdH EGFP At
A& e cytoskeletal structure®] A, cell division, phagocytosis, endocytosis, exocytosisell
o3 AR RE ZxAoA] BAEHE [Bactin gened promotere] &3 EGFP 28& zebrafish
embryooll Al ZAFSIA Y. ThFst o] {el FHRFFEAA AP Bactin promoterg o] &%
zebrafish embryooll A19] reporter gene®] =& g3t FASHA & APAME 2 nttt EGFP Zd o]
thoFsl Al e o]= embryoel microinjectiondt$lS 7 ¢~ transgene©] division®+ E & cellel] ¥
W= 2 gAY embryoe] 7+ cell®] DNA® integration® transgene copy 38 x}ole] 93 Azl=z A
Zhejol Ak, 3 27 SolAHl HAF 2HIA ] 98 Bactin promoterell & FF AL E&o] ZF vtk
Z}ol & Hol EGFP 2@ F3e] mosaicdt Al UEbd o2 Azka

3.3 Electroporationg o]-&% 9 {32 =l T 31X TE &4
(AFd g ANSFBEFS A LA FEA)

FAA T g FAAE =] e B2 5o ARSI A7l A3 Abgho] BFA o AT
AES A9 1de] 13 (752 10 - 11€el Ateh) Addeles 5282 34 oAU FHde
A oy o] gt} olo] E AFoA= 2003d 108 6- 204 Ale] EAIF £4F RAEHY] TS
ol A& TS o] &3 electroporations Tt F 3389 AFS JPstgd o, o FHdA=
positive control?! pEGFP-C13 7}92E- beta actin promter §F A& zta ¢+ pAB-EGFPZ linear

ol o

DNA T+ supercoil FHle] W&t 42 Ed2 A=390. 8 394 =d2 ¢35t electroporation
Z71€ Buchanan et al.ol 93l eastern oyster (Crassotrea virginica) embryool ©]23% HHS EZ
Abgel A, I AE Q9Fsle] Table 3o YERITE Electroporation 12 A7 & & 47 dof A 9]
EGFP &d s F3dv|7slelr #Fetgtt. O Ay, g @dolxe EGFPY @d2 HEE 47}
AR I YA S eastern oysteroll Al A FHAIE AUdH AE G418 FAA R selectiond ¥ FF

=
MO BENS AS Fa5 oyster2FE FFuuPo] WAL Zo] BFY O Ho} EGFP
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AR 7ol AS ddo] A HAY Hdo] HA e AeR #IHAY (Buchanan et al,
2001). o] FAE FH3F7] St FdA o] HER o] &d Y FHAAY FHH A FE Y
371 Yt WE specificdt primerE Al Zsle] AT O ZHE genomic DNAZE £ =
S F3lg oY, electroporationA] AF&3H thEFe] DNAE &3] dl-2HEH AAS A £33t o F
2 &9 FFE qu’@] g 71 gl

2 A Y A B AFE2 3 d3] AFEA]o] FaE o] AJ7He] 5&@"33’} electroporationA]
o] Fo] A 7] wj&

+= electroporatorE

e oX

RO

A& ECM630 electroporator= physical condition®| voltage, capacitance® %t
of o &3t electroporations 13lA ©] w3k eletroporation =& 4%
Argg 27t Qg IuE

Table 3. Results of Haliotis discus Reeve embryo electroporation experiment

Electroporations were performed at various combinations of voltages (50, 100, 200 and 300V) and
capacitances (25, 50, 75 and 100g4F) using control (without DNA), pEGFP-C1 and pAB-EGFP
(supercoil and linear).

123438 (20039 102 6¢) 2243 (2003 10€ 169) 324 E (2003 10€ 20¥)
conditions survival conditions survival conditions survival
No parameter rate parameter rate parameter rate
vector (V) (%) vector (V) (%) vector (V) (%)
pEGFP-C1 pAB-EGFP
1 - 50,25 80 _ 50,25 90 . 50,25 9%
33] W& (supercoil)
2 - 100,25 80 50,50 90 50,50 68
3 - 200,25 80 50,75 90 50,75 81
4 - 300,25 80 50,100 85 50,100 90
5 - 50,100 5 100,25 90 100,25 92
6 - 100,100 5 100,50 85 100,50 89
7 - 200,100 50 100,75 32 100,75 98
8 - 300,100 0 100,100 80 100,100 89
9 pEGFP-C1 50,25 80 200,25 90 200,25 91
10 50,50 80 200,50 80 200,50 73
11 50,75 80 200,75 70 200,75 81
12 50,100 65 200,100 50 200,100 50
13 100,25 65 300,25 80 300,25 82
14 100,50 50 300,50 40 300,50 60
15 100,75 50 300,75 20 300,75 32
16 100,100 50 300,100 10 300,100 20
pAB-EGFP
17 200,25 50 pAB-EGFP 50,25 91 . 50,25 94
(linear)
18 200,50 45 50,50 93 50,50 64
11
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19 200,75 50 50,75 91 50,75 36
20 200,100 40 50,100 93 50,100 72
21 300,25 40 100,25 93 100,25 32
22 300,50 20 100,50 39 100,50 30
23 300,75 20 100,75 36 100,75 91
24 300,100 10 100,100 87 100,100 36
25 |pAB-EGFP 50,25 30 200,25 87 200,25 36
26 50,50 I6) 200,50 79 200,50 90
27 50,75 f6) 200,75 34 200,75 57
28 50,100 I6) 200,100 69 200,100 49
29 100,25 85 300,25 33 300,25 34
30 100,50 85 300,50 74 300,50 67
31 100,75 70 300,75 29 300,75 52
32 100,100 65 300,100 24 300,100 11
33 200,25 70 - - 9% - 0,0

34 200,50 45

35 200,75 15

36 200,100 4

37 300,25 20

38 300,50 10

39 300,75 0

40 300,100 0

41 - 0,0 9%

34 AER{FHY FAA cloning B 57

]

511

3.4.1 SOD
(AFAgn AFAEFEI 9gALAA Prashani Mudika Ekanayake)

Cu/Zn superoxide dismutase catalyzes the dismutaion of superoxide to hydrogen peroxide and

molecular oxygen and thereby neutralizes oxygen radical-mediated toxicity (Ken et al, 2003). The

reported medical applications of SOD include anti—inflammation, prevention of oncogenesis and tumor

growth, and protection against reperfusion damage of ischemic tissue (Garcia-Gonzalez and Ochoa,
1999; Kondo et al., 1999).

217

301

385

469

553

637

CGACAGCCACGAAGGTCATGGTAGCCATGAAGGTCATGGTCATCATGGT 49
AGCCACGAAGGTCATGGTCATCGTGACCATCACAGGAGATGTCGGGGAAGAAAACGAGATGCCTATATATATGGGCGATGTAAC 133
ATGGCTATGGACAATGAACCTTCTAAATCCGGGCCACGCAACAATATTACTGGCGCAATCTACTTAAGACAAAAGGTTCGCGGG

M==A=—M--D-~N--E~-P--§~~K--§=~G--P~-R--N--N-=| ~=T--G-~A-~ | ~=Y--L~-R--Q~—K--V--R--G--
CCACTGGAGATACTGCTTGAACTGCGGGGATTCTACGTACCAAGCGGCCATTCTGACCATTCTGTTCATATGCATGGATTCCAC

P--L-—E-- | ~-L=-L~~E~~L~-R-~G--F~-Y--V~-P--§-~G-—H--5--D-~H--S~-V--H--M--H--G--F~-H
GTGCATGAATTTGGCGACTTTAGCGCCGGCTGTACGTCATCCGGCGGCCACTACAACCCCGACGGTGGCGATCACGGGGGTCAC

V--H-~E--F=~G~-D--F~-$--A-~G--C-~T--$~-§-~G~-G--H--Y--N-—P--D--G-~G--D--H--G--G-—H--
GATTCAGAAAAAAGACATGCCGGTGATTGGGGCAACATTTCTTGTGATGACGCAGGGGAGGTACACATGAACATGACGGATGAG

D--§-~E--K--R-~H-~A-~G=-D--W--G~-N-- | ~=§=~C~-D~-D--A-~G--E~-V-~H--M--N--M--T--D--E--
TACTGCGACCTCTACGGACCCCACTCCATCATCGGCAGAGGCCTTGTGATCCATGAGACCGCAGACCACCTGGGACGAGCACCC

Y=-C=-D--L=-Y-~G=-P~~H--8~= | = | ~=G~-R--G--L~-V~~ | ~-H-~E--T--A--D--H--L--G--R--A--P--
ATGGGCACCAAAAAGATGAGCGGACACACTGGATATGGAAACGCATGCTGTACAATCGCGAGGACTGGCACGCTGGACTGGGAA

12
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M-—G~~T--K~—K~-M-=§—-G~—H-~T--G~-Y-~G--N--A--C--C-~T—= | ~—A--R-—T--G—-T—-L-—D--W--E—
ATGCTGCTTAAACATAAGCACTAGGGGAAGAAGACCAAGGTTCACGTTTGACAGGCCTTGGACCTGGAATAACATCCCTGAGGA 721
M--L-—L--K-~H--K--H--=
CATATTTGCAGCGTTAATCGTCGCGTGTCGATGCTAATGGTAGATGTGCCAGACGGTCATTTTCGTTTATTAACTTGTAATCCT 805
AATCCTGTTCTATACCATCTATTGAATAAACAGGTCGCTTTCCAAACATTTTCAAACTTTGCAAACAAGCCTTTTCAAAACTAA 889
AATACCATATTTCAAAACCTTGGAATGACGATATTACCAAGTATTTGATTTGGTTTGGGAAGGTTATTGAATTGTCTGAGGGTT 973
GTGGAAAGGCTTGAAGAGGCGAGCTATTTCTTGGACACATAGCGTAATGGTTTTCAGACCTGTATGCTATTTCTGGACAGTTTT 1057
TCCACGTTCCCTCTAAGCTTGGAAATGTTGCTTTTTCTTCCAGGGGCTTGTGAATGTATACCTGTTTACCTTATATATACTAGT 1141
AAGTAGCATGACCAACTGCGATGACCTCTGTCAAATTCCCGTCTTCCCGAGGCAAGGGAGTTAACTGACAATAACAGTCCAGTT 1225
GCAACGTGGAACCTGTTCAGTTAACGCCCTTGCCTCGGGAAGATGTCAAATTCCTTGGCTGGTGTTACATTACATTCATTACCA 1309
GAAGTACACTAGTGAATAGTTACAATGAACCCGCGAAGTGTTAGATCAGTGGAAGAGCTCTCCATACTTGTTTCCAGTGCATTT 1393
CGCGAAGGTTACGGCCTAGGTCAGAGACATTCTTTTCGCTTTCTGTATAGTGTGCGCTTGTATGAAATCTATGARa taaaTTG 1477
TTTTGAAGAGAAAAAAA

Fig. 4. Nucleotide sequence and the deduced amino acid sequence of abalone Cu/Zn SOD. The
coding sequence (from 133 to 528) is in bold letters. Amino acid sequence corresponding to mature
protein consists of 176 amino acids. The poly (A) tail is in bold capital case and the polyadenylation
signal is indicated by bold simple letters. The neucleotide from 1 to 133 and 661 to 1494 indicate 5’
UTR and 3’ UTR respectively.

Using forward primer (5'-GGTACCATGGCtATGGACAATGAAC-3') and reverse primer
(5'-CTCGAGGTGCTTATGTTTAAGCAGC-3'), 528 base pair region of abalone c-DNA was
amplified by polymerase chain reaction (PCR). The subsequent product was cloned into pET-29b.
The recombinant DNA was then transformed into E.coli expression host BL21(DE3).The transformed
E. coli cells were induced with 1 mM iso—propyl- B-thio—galactopyranoside (IPTG) at 18°C 3 hrs.
The expressed enzyme was purified by His-Bind kit (Novagen) under denaturing condition as the
enzyme was found to be insoluble. The refolded protein was analysed on 129 SDS-PAGE. The
result from SDS-PAGE showed that abalone SOD (aSOD) has an apparent molecular mass of 20
kDa. In comparison to non—induced cells, aSOD was expressed at a tremendously high level within
3 hrs after induction with IPTG. In spite of the huge sum of the expressed SOD, the enzymatic
activity was much lower than the expected. This result was in agreement with other reconstituted
SODs produced by E.coli (Hartman et al., 1986, Hong et al, 1992).

The successful over—expression of aSOD can play a crucial role in protecting organisms against the
toxic effects caused by reactive oxygen species (ROS). Further investigation will be carried out to

see the response of SOD transgenic zeebra fish towards ROS.

3.4.2 CATALASE (AFUgn A FBEF S WALZS Prashani Mudika Ekanayake)

Catalase is a ubiquitous enzyme found to be in both eukaryotes and prokaryotes involved in the
protection of cells from the toxic effects of peroxides. It catalyzes the decomposition of hydrogen
peroxide to oxygen and water. The level of catalase expression is highly tissue specified (Chen et
al., 2004). Presence of catalase is important in the prevention of toxic wastes that would kill the

cell. Most catalases exist as tetramers of approximately 65kDa subunits (Bravo et al, 1999).

CACTCTCCTACCCATGCAAGTAGCTTGGTCTGCGTAACATCGACAAGCCCTCAACGAACT 60
GATCCTGGTTTATGCAACCGGTAATTTGACCTGAATAAGCTATACGTCAGAGGAAAGTTCTGCGCGTTTCTTCACTTCTTAATC 144
ATGGCGACCAGGGATAAGGCGTCCGAGCAGCTAAATGAATTCAGCAAAGGACAGAAGAAACCGGATGTCCTCACAACAGGCACA

228
M--A==T--R--D--K~~A--$~~E--Q-~L~-N-~E--F~-§~—K-~G--Q--K-—K--P--D--V=-L--T--T--G--T--
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GGTGCACCTGTGGGCCGTAAGACAGCCACAATGACTGTGGGACCACAGGGGCCTGTGTTGTTGCAGGACTTCGTGTTCACGGAC

321

G--A--P-~V-~G--R--K-~T--A-~T--M--T-~V~-G--P~-Q-~G--P--V--L--L~-Q--D--F~-V--F--T--D--

GAGATGGCGCATTTCAACAGAGAGAGGATCCCTGAGAGAGTCGTGCATGCTAAAGGAGCAGGGGCGTTCGGCTACTTGGAAATA
396

E--M-~A-—H-~F~-N--R--E--R-~ | ~=P~-E~-R--V=-V=—H--A--K~~G--A--G--A--F~~G--Y--L--E-~ | -

ACACACGACATCACCAAGTATTGTAAAGCAAAGGTATTTGAACGTGTTGGCAAGAAGACGCCACTTGCTATCAGGTTTTCAACT
480

T--H--D-= | ~=T--K=-Y=~C~—K--A--K=-Y=—F~~E--R--V=~G--K--K~-T--P--L--A-=| ~—R--F~-$--T--

GTAGGTGGTGAGAAGGGGTCGGCGGACACCGCCAGGGACCCCCCGGGGGTTCGCCATAAGTTCTACACTGAAGACGGCAACTGG
564

V--G=-G-~E~—K--G--§--A--D-~T-~A--R--D--P--P~~G--V--R-~H--K~—F~-Y-~T--E--D--G--N--I}--

GACCTGGTGGGCAATAACACTCCCaTCTTCTTCATAAGGGACCCTATGCTGTTCCCCAGCTTCATCCACACCCAGAAGAGAAAC
648

D--L=~V=~G=-N-=N-=T~-P= | ==F==F = | ~=R==D=-P~—-~L--F~-P--§~-F = | ~H--T--Q--K--R-—N--

CCCGTTACCAACCTGAAGGACCCCGATATGTTCTGGGACTTCATCACGCTGCGTCCTGAGACCACCCACCAGGTGGCCTTCCTC
732

P-=V==T=-N--L=-K=-D--P~-D--M--F~—W--D--F =~ | ~~T-~-L--R--P~-E~~T-~T--H--Q--V--A--F--L--

TTCTCGAACCGCGGGACCCCAGATGGTTATCGTCACATGAACGGCTATGGCAGCCACACTTTCAAGATGGTCAACGCCAAGGGG
816

F-=§=~N--R-=G~T=~P~-D-~G--Y=-R-—H-~M--N--G--Y~~G--§~H-~T--F~-K~--M--V--N--A--K--G--

GAGTGTGTGTACTGCAAGTTTCACTTCAAGACAAACCAAGGCATCAAGAACTTGACAGGAGCCCAGGCTGACAAGCTGGCCAGC
900

E-~C--V=-Y--C--K--F~-H--F--K--T--N--Q--G-~ | ~—K--N--L--T-~G--A--Q--A--D--K--L--A--S—-

GTGGACCCCGACTACGCCACACGTGATCTGTACAACGCCATCGCCGAGGGCAAGTACCCATCCTGGTCTGTCTTCATACAAGTG
984

V=-D=-P=-D--Y--A-~T=-R=-D--L--Y=-N--A-= | ~=A=—E~~G--K--Y=-P==S~-W--§=-V=—F -~ | ~-Q--V--

ATGAACGTCAAGGATGCTGAGAAGCTCAAGTGGAACCCTTTCGACCTCACCAAGGTGTGGCCCCATGGAGAATACCCCCTCATC
1068

M==N--V=-K=-D=~A=-E~—K--L=~K=—W-—N-~-P-=F=-D-~L~~T--K=-V=—W--P--H--G-—E--Y--P--L-- | -

CCTGTTGGTCGCATGGTACTTGACAAGAACCCCAAGAACTACTTTGCTGACGTGGAACAGATCGCCTTCTCCCCGGCGCATATG
1152

P--V=~G~-R--M--V=—L~~D~~K=-N-~P~—K-~-N--Y=-F~-A--D--V=-E-~Q-~ | ~-A--F~-S~-P--A--H-—H--

GTGACAGGTATTGAGGCCAGCCCCGACAAGATGCTGCAGGGTCGCCTCTATTCGTACTCGGACACCCACCGGCATCGTCTCGGE
1236

V--T--G-- | -~E--A--§--P--D--K--M--L-~Q--G--R--L--Y--§--Y~-§--D--T--H--R--H--R--L--G--

AGCAACTACCTGCAACTTCCCGTCAACTGCCCCTACAACACCCGCCTCAGCAACTACCAGAGAGACGGCCCTCAGTGTGTGGAC
1320

§=-N-=Y=~L=~Q--L=~P==Y=~N--C--P~=Y=-N-~T--R--L~-$~-N--Y~-Q--R--D--G--P--Q--C~-V--D--

AACAACCAAGGTGGCGCTCCTAATTATTTCCCCAACAGTTTCTCCGGCCCCCAAGAGGAATCCAAGTGCATGGAGTGCCCTTTC
1404

N--N--Q-~G--G-~A--P~-N--Y~-F~-P--N--8--F--§-~G--P--Q--E-~E--8--K-~C-—M--E--C--P-—F--

AAGCTCTCTGGAGACGTCGCCAGATACAGCACAGAGGATGAAGACAACTTCAGCCAAACCGGCATCTTCTGGAAGAAGGTCCTG
1488

K=~L==8~~G=-D=-V=~A--R--Y==§=~T~-E~-D--E~-D--N--F--§--Q-~T-=G- | ~—F~—W--K--K--V--L--

CCGCCGGGTGAACGGGACCATCTGATCAACAACCTGGCAGGACATATCATCAACGCCCAGGAGTTCATCCAGAAGCGTGCTGTC
1572

P--P--G--E--R--D--H--L--1--N--N--L--A--G--H-- |- 1 --N--A--Q--E--F— | --Q--K--R——A--V--
GCCAACTTTGGCAAGGCGGACCCCGAGTTCGGCCGTCGCCTGCAGGCTGCTCTCAACGCCTTGAAAGTGGAGCCATAGATTCGG 1656
A--N--F--G--K--A--D--P--E--F--G--R--R—-L--Q-—A--A--L--N--A——-L--K--V--E-—P——=
TTGCAGGCAAATCCGGAAGTACAGCCTTGTGTACAGAACAGTCTCCCAGCGTGTATATTGAACTATGCTGACAGATGAATAACT 1740
GATTTGTTACACAGTACACATCGTTGTATTCTGCTTTGCTTTGTATATCGTGTTTAGTTCCACAAATAGCAAGATGGAGAGATT 1824
AATAAGCATACAGTGTAACCATTATGTTTAAAAAGCACTCAAGGAGGCTAAAACGATGAGGGCATATTTTTGAACAGTTACATT 1908
TCTGTTCACGAATGTTTATTAAATTAATGAAAGGCTTTGTTTCTTTGGGAAGGCGCTCCAAGAATGAGTATGTGCAATTATTGA 1992
TCATAAATCTGCGTGAAATTATACTGGAAGGGGAATTTAGCTTAATTTTTGCTATTGTAATAGTATGAGAATTTTCTAGTTCAC 2076
GTTATTTGTATGTGACTTCAACTAAGGTCAGAAATGCAATTAAGCTTAATAAGCGTTCACATTAAAGATAATGTAGCTCTTGTT 2160
AAACCTCTGGACATTTGGTTGAATTACATTTAATATATTGGCAACTATTCAGTGCAAGCGAAGTGCGTCGATCATATCCACTAG 2244
CCCGGCATTATTCTTAAAAGTTGTATTTTACACTCAATGTAAGTATGTTTGGACATAATGTTGATGTTTTGCGTCACACTTCTG 2328
TTATACCTTAGGTGTAACCGAGAAGACAGAATTAAGCCATCAGCTAAAACACTACATACAAGATCAAGGCACAATTGATTTTTT 2412
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TTTTTAAATTCTGCCTTGTTTTGTGAAAATATAACATTTATTTCTTGAAAATTTCATGCAACATGAAAACTTGAAAAAAAATCG 2496
AAAATGCAGTGTTTGCATACGCAAGAATGAAAATGTTGGTCAACAGAGTACTATTGTTATATGTTGCCCGTTATTTGCTGCGCT 2580
CTTAATAATCAATACATGGTTGGATAGATATTGATTGAGAAGTAGATGCATGAGCAAGTTCACGTATACAGTGATGCGGAAATT 2664
CCGCATAGAAGCATGTATTCTTCAGCTTATCGCATATTTCATATGGAAATGGGAATTTCACACATTCAATGTACTTAACTGGAT 2748
TCTATAATAATATGTATATTCAATTATTCAAGAGAGGTGATGATAAGACTACAGCTGTAGTGCTACACTTCGGTCCATATTAAG 2832
ATGCaataaaATATTTTGAAACAAAAAAAAAA

Fig.5. Nucleotide sequence and the deduced amino acid sequence of abalone catalase. The coding
sequence (from 144 to 1506) is in bold letters. Amino acid sequence corresponding to mature protein
consists of 501 amino acids. The poly (A) tail is in bold simple case and the polyadenylation signal
1s indicated by bold capital letters. The neucleotide from 1 to 144 and 1650 to 2864 indicate 5° UTR
and 3" UTR respectively.

By the PCR using forward primer (5'-GGTACCATGGCGACCAGGGATAAG-3’) and reverse primer
(5"-CTCGAGTGGCTCCACTTTCAAGG-3’), 1500 base pair region of abalone cDNA corresponding
to catalase was amplified. The subsequent product was cloned into pET-29b carrying T7 promoter.
The recombinant DNA was then transformed into E.coli BL21(DE3). The transformed E.coli cells
were induced with 1 mM iso—propyl- 3thio-galactopyranoside (IPTG) at 18°C for 3 hrs. The
bacterial cells were collected to purify the enzyme by His-Bind kit (Novagen). Enzyme was first
checked for its solubility and then purified under native conditions as it was found to be soluble.
The enzyme, catalase, was observed on 12% SDS-PAGE as a dominant band at a position
corresponding to approximately 60 kDa. In comparison to non-induced cells, catalase was expressed
at a higher level within 3 hrs after induction with IPTG.

The successful over—expression of abalone catalase in  E.coli can be used in pharmaceutical
industry to prevent the toxic effects caused by reactive oxygen species (ROS) as well as in textile

industry.

3.4.3 Glutathione-S-transferase (AF s n ¥V EF I 2 AlFAS Helani
Munasinghe)

Gluthione-S—transferases (GST) are a family of multifuctional enzymes involved in detoxification
of xenobiotic agents, drug biotransformation and protection of cells against peroxidative damage.
These enzymes catalyze the covalent addition of the tripeptide glutathione to a structurally diverse
set of electrophiles increasing their solubility and cellular excretion (Tomarev et al, 1993).
Eventhough they are involved in detoxification of environmental mutagens such as polycyclic
aromatic hydrocarbons in diet and tobacco smoke, their ability to conjugate isothiocyanates, which
are potent inducers of enzymes that detoxify mutagens postulates that it may be involved in
susceptibility to cancer (http://www.cdc.gov/genomics/hugenet/reviews/glutathione.htm). Further
knowledge on these enzymes would provide a means of improving resistance of plants and animals
to environmental pollutants and less accumulation of environmental toxins in food products and will
also help in prevention of oxidative damage. Cloning and expression of a gene from abalone EST
library in E. coli BL21(DE3) cells under pET16b with highest similarity to u class glutathione
S—transferase from Crassostrea gigas resulted in a coding region of 645 bp coding for a 25kD
protein with a signal peptide cleavage site at 13-14 amino acids. It contains two Cys and a 1231 bp
3’ untranslated region followed by the poly(A) tail. This work is supposed to be useful in

elucidating its biological significance in cellular detoxification.
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GTTGACTTGAGTGTTACTGTGCTAGCATTTTGTCTCTCGCCCAAACCACATC 52
ATGCCTACTCTTGGATACTGGGCTATTCGCGGCTTGGCACAGCCTATTCGTCTGCTTCTGAAATATGCTGGAGAAGATTTCGACGATGTT
142
M==P—-T—-L —G=—Y=—W--A-—| ~—R=-G-—L ——A--Q--P-- | ~-R--L—L--L—K--Y—A--G-—E--D-—F—D—D--V—-
ATGTACGAGCAGGGCGATGCCCCTGAGTACAGCCGGGAAAGCTGGACCAAAGTGAAGTTCACCCTTGGGCTGCCCATCCCCAATCTGCCC
232
M--Y=-E=~Q--G--D-~A--P-~E--Y--§--R-—-E--S——W--T~—K--V--K~-F~-T--L--G--L~—P-~ | ~-P--N--L--P—-
TACTATGTGGATGGTAACATTAAGATCACTCAGAGTAATGCGATTCTACGCTACATCGCCAGGAAGCACCAACTCTTGGGGGAAAAAGAG
322
Y==Y=-V~-D--G--N-| K- ~=T--Q-=§~—N--A-=| ~—L~-R--Y-= | ~-A--R--K—H--Q-—L--L-—G—E—K-—E—
GAGGAGAGGGTCAAGGTTGATGTGATGCTTGACACAGCCATGGACTTCAGAAATGGAATTGTCGGGCTCTGTTACAACCCTGAGTTTGAG
412
E--E--R--V~-K--V=-D=-Y=-M--L--D~~T~-A=-M--D~-F~-R--N--G-~ | ~—V~-G--L~~C~-Y--N--P--E-—F-—E—-
AAGAAGAAGGCTGCCTACTTCGAGGCACTCCCTGCCAAGCTGGAGATGTTCAAGTCTTTCCTTGGGGACCAACAGTTCTTCGCCGGCAGC
502
K=-K=—K=-A=-A--Y=-F~—E~-A--L--P=-A--K--L—E~-M--F~-K--§--F~~L--G--D--Q-~Q--F~-F--A--G--S—-
AAGGTGACAGTGTGTGACTTTCCAATCTATGAACTCCTGGACCAGACGAGAATAATGCAGCCTGGCAGCCTAQATGCGTTCCCCACGCTG
592
K--V-~T--V——C--D——F~-P~~| ~=Y=~E~-L~—L--D--Q--T--R-~ | ~-M--Q-—P--G—S--L~—D--A-—F——P—T--L—
TTAGCCTTCATGGGTCGCATTGAGGCTCTGCCCGCCATCAAGACCTTCATGAGCAGTGCCAAGTTCATCAGGAGACCCATCAACAACAAG
682
L--A=—F~—M--G--R~| ~—E=-A--L——P=-A-= | ~-K—=T=-F~—M--$--§--A-—K-~F = | ~-R-—R--P-= | ~-N--N-—K—-
AGTGCACTGTTCAAGTGAACACCACTGTTGTTAATGTAGTTATATGTGGAAACCCGGTGAATCATCTGGGCGCTGTTATCTGGGAGTCAT 772
S—-A--L--F-—K--+
TCCTATCTGTCCATCCCAAGGTTTGAACTTTATTAGAGTAGGCTATCAATACAGTTAAATAACAGGACATAGTCATTACGTTTGTGGCAG 862
TTATGTAAGGATATTATCTCTGAACTTGTGTTAATATTTGAAAGATTCTTTCGGCT TTGGAAAAGGCAGGACATATTGTTTGGGTTAGTT 952
TATTACACGTTATCTGAAGGATATTGCCATCAGGCTGGAAACCTGGCCAACT TCAAACCAGGCAGTTATTGCTAGTCAGCATTATGTGGC 1042
AGCACACTCATGTACTGAATATATTTGCATCAAGCTTTTTTCCCGGTGTTACCATTATTATTGATGTATCAATGTGAGTTTGATATGTGT 1132
CGGGGGTATTTTGTGGAACATTAGTAGAAGTATTCATTTAGGAAATATGGTGCTGTGGCAACAAAAAACCAAAAACTGATTTCCTGTTCT 1222
TGGCCATGTGATACTGTGGAGGTACAACATGGCAGCCACTGGCAAGCATCAGCAAGCATCTGATCACATTCCATGGATTCTGTCTTAGAC 1312
GTGCTGCAGGCCATTATTTAGTGTTCATTTGTTATCCGAGGTTCGTTTAAGTATTGTTTACTGAATTGTTTTACTCATTGTGCGAGGAAT 1402
GAAAATCAGGTGCACGCTGATCCAGTGACTGGGGTATAATAAGATCTGTCATGGTCTTAGCGCATTTGAGCAGTTGTTGGAAAGTGCCAT 1492
ATACAACTTCATTAAATGTTATTGTCATATGCATCTCCACAAACTAATGTTTGTAAAAGTGAATAGTTTTCTTTACACAGTTTTTTCCGA 1582
TTCAGCCAAGGTTTCCTTCTTTGTTTTGTTTTTGGCAATGGTGCAATTTGATTGCTTTTAATTTAAACATCAAGAAGTATATAGAGGGAA 1672
ACATTTTTATTAAATTGGAGGTACTTTTGTATGTGTATTTGATATTGCATCCCTCAGCTGTGCCAAACAGACCCGGGCCATGGGTTAGAA 1762
TCCAGGATTTCAACCCATTTTGCACCATGGGATAAAGTAAATAGCTGTTTACAGTTTGTTTTCCTAATCAAGCGAGGCATACATATCCTG 1852
TTTTGTTTGTCTTGTTTGTGATGGTGCAGACTTATTGCTTTTAACATTAAAAGATAaataaaGGAAAATTTTTTCTTTCAAAMAAAAAMA 1942
AAAAAAAAAAA

Fig. 6. Nucleotide and deduced amino acid sequence of glutathione-S—transferase. The putative
signal peptide is underlined. The poly(A) signal sequence is shown in bold simple case letters. The
stop codon is indicated with an asterisk.

3.4.3 Arylsulfatase (AF e a S EFsI 4 AL#A Helani Munasinghe)

Sulfatases are a group of enzymes involved in hydrolysis of sulfate ester bonds from a wide
variety of substances. The importance of these enzymes is underlined by the presence of several
genetic disorders due to single or multiple sulfatase deficiencies. Recent discovery of new sulfated
compounds with commercial importance has resulted in a demand for sulfatases, which could be
used either as a means of understanding the functional implications of their sulfate groups or to
remove sulfate groups for better product quality. For example, it has been identified that sulfated
homopolysaccharides are more potent than sulfated heteropolysaccharides as antiviral agents and the

presence of sulfate group is necessary for anti-HIV activity of these compounds and the potency
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increases with the degree of sulfation (Schaeffer et al, 2000). On the other hand, sulfate groups in
agar adversely effect the strength and melting temperature of commercial agarose (Mollet et al,
1998).Considering these commercial values we amplified the full-length ¢cDNA of a sulfatase with
highest sequence similarity to Helix pomatia sulfatase 1 from the abalone EST library. Expression
of this in E. coli BL21 DE3 cells under pET16b vector resulted in an expression band
corresponding to a 54 kDa protein in an SDS-PAGE. The protein was mainly found in inclusion
bodies which could be purified under denaturing conditions using urea. Sequence analysis revealed
the presence of seven Cys residues in a coding sequence of 1446 bp coding for a peptide with 481
amino acids with a putative peptide cleavage site at 21-22 amino acids. Surprisingly, the sequence
obtained revealed a very short 3’ untranslated region comprising only 41 bp followed by the poly(A)
tail.

AGAAATAGGAAACCAACGTGTAATTCCTGTCCACGGAAGGAGAG 44
ATGTTTGTCCAGTTATTATGCACAGTTTTGGTCATCATCAACCTCTGTGATGACGTTTCTGCAGCAGGACGTCCACGCCATATTGTGTTC 134
M==F==Y==Q=L ==| ==C==T==V==| ==V | == | ~=N=| ==C=-D=-D=-V==§=-A-=A=-G--R-—P--R—-H--| ——V-—F -
ATCGTGGCGGATGATCTCGGATGGAACGACATTGGCTTTCACAACCCCGATATAATCACACCCAACATCGACAAGCTGGCAAGAGAAGGC 224
| ==V=-A=-D~-D--L~~G~-W--N--D-~ | ~~G~-F~~H--N--P~-D-~ | = | ~=T~-P--N-~ | ~-D--K--L--A--R--E--G—-
TTGCTTCTGAATCATCACTATGTTCAACCACTCTGCAGTCCATCGAGAGCTGCCTTTATGTCCGGCTACTACCCCTTCAAGACAGGTCTG 314
L--L—-L--N——H--H-—Y=-V=—Q--P~-L~-~C—8~—P--8~-R--A--A--F~-M--§--G—Y~-Y-—P-—F~—K~—-T—G--L—
CAGCACTCGGTCATTCTGGAGAACCAGCCCGTCTGTCTACCCCTGAATATCACAATCCTGCCACAGAAACTGAAGGAGCTTGGATATGCA 423
Q--H-=§==V== | ==L ==E=~N-=Q-~-P~=V=~C~~L=-P~-L~~N-= | ==T-= | ==L ~—P-~Q--K~-L ~—K--E—-L--G--Y--A--
ACACACATTGTCGGCAAGTGGCACAATGGGTTCTGTAGTTGGAATTGCACCCOGACGTACCGTGGCTTTGACAGCTTCTTTGGCTACTAC 513
T-—H-= | ~~V~=G~-K—W-~H--N--G-—F~~C~—-S~—W-—N--C~~T--P~~T--Y--R--G—F~-D--§-—F~—F—G—Y--Y—-
GGCGCCATGGAAGACTACTACACCCACGTCATTCGTGGCTTCCTTGACTACCGTAACAACACCACCCCCGTTTGGACCGACAACGGCACT 603
G=-A-~M--E=-D--Y--Y==T=-H--V-=| ==R=~G--F~-L~-D~-Y--R--N--N--T-=T--P=-V=—H--T--D--N--G--T--
TACTCAACGCTTCGGTTTACTGACGTAGCCACTGACATCATCGAGCGTCACAACCAGAGTCAGCCATTGTTTCTGTACCTGGCGTACCAA 693
Y=-§==T=-L=-R--F~=T=-D=-V--A-=T=-D~= | == | ~E=-R-—H--N--Q--§-~Q--P~-L--F~—L--Y--L--A--Y--Q—-
GCTGTCCACGGACCTATTGAGGTTCCCGCAAAGTATGAAGCAATGTATCCAAACATTAAATCAGAAAATCGTCGAAAGTTTTCGGGAATG 783
A==V==H-=G=-P-= | ~—E~-V=—P~-A--K==Y=—E=-A--M--Y=-P~-N- | ~K--§~~E~-N--R--R-—K--F~-5--G-—H--
GTCTCTGCTCTTGATGAAGCAGTTGGTAACGTAACTAAAACGT TAAGACAAAGAGGGT TAATGGACGACACGCTGATTCTGTTCACTGCC 873
V--8--A--L--D--E—A-~V—G--N-—V==T~—K~-T-—L~-R--Q--R--G--L—-M--D—-D--T—L -~ —L—F—T--A—
GATAATGGCGGCGGGGTCGACGAATCTGGGAACAACTACCCTCTGCGTGGAAGCAAGT TTACCGTGTACGAAGGCGGAACGAGAGCTGTG 963
D--N--G-~G—G-—V—-D--E~~§-G——N--N-—-Y-—P--L~—R--G--S~—K--F—T--V—Y--E-—G-—G-—T——R—A--V——
GGCTTCATGTATGGATCGGGTCTCCAAAAGACTGGAACTGTATTTGACGGGATGATCCACGCCGTGGACTGGCTGCCCACCCTGACAGCA 1053
G=-F—-M-=Y=~G=-S--G~-L~~Q-~K-=T==G--T~-V~=F=-D~~G~-M-- | ~=H--A--V~-D--W--L-—P--T--L--T--A--
GCTGCCGGGEGEACCCCAGTGTCCGACCGTGACGGCATCAATCTGTGECCTAGTCTCAGCACAGCCTCCCCGTCCCOCCGCACTGAGGTC 1143
A--A--G--G--T--P——V=-§—-D--R--D~-G— | ~——N-—L-—W--P--§—-L--§~-T--A--§-—P—-G§--P-—R—T—E--V—-
GTCTACAACTACGACTCGCACCCCCAGCCCGTTCAAGGACACGCTGCCATCAGAGTGGGTGACTACAAACTGATCGATGGCTACCCGGGA 1233
V==Y==N-=Y=-D--§=-H--P~~Q-~-P--V=-Q-~G--H--A-~A~~ | ~=R-=V/=-G--D--Y--K~-L - | ~-D--G--Y--P--G—-
CCCTTCCCTGATTGGTACAAGCCTGAACAAGTCACATCTAGT TTGAACACCAGATTCAGCAGGGATTCGGCCAATCAGTATCAGCTGTTC 1323
P--F--P--D—W--Y-—K~-P-—E~-Q--V--T--§--§~-L-—N--T--R--F--5—-R--D——S§--A--N--Q--Y--Q—L-—F—
AATTTGAAAGATGACCCCAATGAGCGCAACGACCTCTCCAACTTTCGTCCGGACATGGTAAAGAAGCTTGCTGCCAGACTGGCCTGGTAT 1413
N--L==K=-D=-D--P--N--E~-R--N--D~-L~-S~~N--F~—R--P~-D--M--V=—K--K--L ~—A--A--R--L-—A-—H--Y--
AAGAAGCAGGCAGTACCACCCAACTTCCCTGAGACCCCCGACGACCTGAGCAACCCTGCACTGTACGGCAATGTCTGGTCTCCTGGCTGE 1503
K=-K=~Q-~A=-V=~P==P=~N-~F~-P=—E~~T~-P~-D--D--L~-§~-N--P~-A--L--Y--G--N--V--W--§--P--G--W--
TGTTGAGAGCTTCTTGTTGTACTGTCACTGaa taaaGTCGATATGTGAAAAAAAAAAAAAAAAAAAAAAAAAA
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C——*

Fig. 7. Nucleotide and deduced amino acid sequence of arylsulfatase B. The putative signal peptide
is underlined. The poly(A) signal sequence is shown in bold simple case letters. The stop codon is
indicated with an asterisk.
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