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Differential Display Detection of Acid-inducible Genes
from Porphyra yezoensis Thalli
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Genetic responses of the edible seaweed Porphyra yezoensis tissue to acid shock have been compared
using differential display technique. The tissue was challenged in seawater containing 0.05% hydrogen chloride
(pH 3.0) for 5 min, then rehabilitated in normal seawater for 10 min, 30 min, 60 min and 4 hrs. Total RNA
extracted by the LiCl-guanidium method was reverse transcribed and amplified by PCR with arbitrary primers.
The amplified fragment responded by the acid shock was selectively isolated from agarose gel and sequenced
with DNA auto sequencer. Sequence (1056 bp) of the cDNA contained at least two genes for ASP7K

(MW 7418) and ASP5K (MW 5512) proteins.
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Ao FYHoE Qg 7 FLEHY TFE L A=
219 2tk oleig FFAF= 2o AEHN B35 =
T Rhde] o# 7kA] ) *g'g‘, A ER, FAERF 54 FAE
A FRlste AR og 3 Aol e L BAH
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A, olAA Y HEFL D T ARSI A = ] tiAto] Hoj gtk

]" b A Ale] BERAAE Ui AA g5 M=
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22, betadine 8] 508 FFAHHAE 31T (Park et
al., 1998). T2 ¢F 0.2 cm 27|82 AE FASE 15mL cap
tubeo] W2 F npE7yo] £ 5745 2 50 mL tubedl
Az YolA 1000 rpmol A 187 A4AEAANA 573 &
AL 2AES FTHOE FAE EUth

el ¥ B4 F FANEY 292 AAZ] st

Al Qe At HAle Fade] FEE olF T A,
Gong et al. (1992)0] J&pd, 745 4k XA &35 Blwg
Az}, o] FHol BAGC] T pHAAE A TLsHA
BARES AAS AT g E AFdAE oA 4t 9
3 w53 veHARE 2 A AR 0.05% FAol
H7HE Sl F pH 3.09] gl A sEIF AR A A4S
o S FE3] A g daais Jell
Al AR (108, 308, 605, 477HF 2429 & RNAE
FZ23Yt ExTEHE FIXASIA A E3HA] @&

2 £79) olale] Soldoz fE Mg FU4 2

3t} £4 Z RNAE LiCl-guanidinium *'H (Hong et
al, 1995 .2 &35ttt & 7] A 600 mg (F5 )& AA|
Aoz FHAA vASHA A §, RNA F28-9 (0.8M
LiCl, 0.6% Sarcosyl, 10 mM EDTA, 0.2% PVPP, 5% 2-mercap-
toethanol, 4 M Guanidium thiocyanate, pH 9.0) 2 mLE H7|3}
o] 55ColA 1087} 71E3 The, 4TollA 1A17F FF AA)3]
EEOET A AAT AE5 A phenol/chioroforms 23]
2e)g & o] A5 F8dl 0.19<] 3 M sodium acetate, pH
54 2 258 2] 100% isopropanol& 715 -20TlA] 1A]
74w et e, SAIRE (1.5%10% rpm, 104, 4T3k Y4tk
285 ™A o] A¥E H44-E DEPC-H:0 200 L]

Q& FH9 4M LiCIE #7Este] 4ToA 147 A8
A PR g AAE 5P

o 1 ot

DNase 2]

A AHE #abo] RNasin (1 unit/zL) 600 mLE H7FgF &,
DNAE A AA717] ¥3ld RNase-free DNase 1 (1 unit/uL)
4 ¢, 10xDNase 1 buffer (500 mM Tris-HCl, pH 7.6, 100 mM
MgCly, 1 mM dithiothreitol) 20 L, RNasin (1 unit/¢L) 10 #L,
DEPC-H,0 66 xLZ #7}8}a] 37CellA 1417 B2t w213
o} (Ausubel et al, 1987). T+ 0.1 M EDTA 20 2L 2 2% SDS
20 uLE H7}slo] WHS-S X AIF)4L, DNaseE A AA7]7]
98 A= phenol/chloroform *2)3tHth 18] P& RNAE
#45}7] 938t 0.1¥12) 3 M sodium acetate, pH 5.4 % 3ufEF
2] 100% ecthanol (-20C)S 718t AR EHAZ o™, A=}
100% ethanol (-20C)E ZAIAH A A% 3 & RNAHS &4
317} 98t 100 L TE buffer (10 mM Tris-HCL, 1| mM EDTA,

pH 7.6)ol ZATh

RNA Xzt

% RNAS A #37] 215}e] RNAS TE bufferell 1008 &4
3} & GeneQuant (Pharmacia Biotech Co.)Z ©|8-5} &4 3}
Atk 33 o2 cDNA F48 A3t & RNA 355 05
g/ L= A RNasin (0.5 unit/uL) B-F DEPC-H02 273}
=3

cDNA &
5L & RNA £ 2.5 ¢g2 cDNA 34 protocol (Invitrogen
Coyoll Wk 20 L] BHSEF A AMS-3FH Tk $4 & RNA
5 uLo) DEPC-H,0 3 #LE 92 t2, 100 mM methyl mercury
hydroxide 2 #LE 7}8}4) mRNAS) 23727 HAHEE
B =oF Ao FUrt (Payvar and Schimke, 1979). TS
0.7M 2-mercaptocthanol 2.5 uLE 3713l RNAZH-E]
methyl mercury hydroxide® &2 A Zth. o] RNAC) random
hexamer (1 zg/pL) | uLE 78k 65Tl A 587 & 3 I
2ol 1083 FozA FRAR] Ao FoERHA e
o}, 28] 3 cDNA 3432 placental RNA inhibitor (20 unit/zL)
1 #L, 5xRT buffer (250 mM Tris-HCL, pH 8.3, 700 mM KCl,
50 mM MgCl,, 5 mM dithiothreitol) 4 #L, 25 mM dNTPs 1 L,
avian reverse transcriptase (10 unit/zL) 0.5 uLE A7}t 42C
ol A 1A12E Fet v AL 283 W& SE-3] A7]7]
95te] SHH T reverse transcriptase 0.5 £LE 7}8he] 42T ol A
147 9 W-8-& AlFTh o] cDNA §/3-5 F2A17]7] #fste

= 95ColA 382 7HE A3t

PCR ZZ¥}2-& DNA thermal cycler (Perkin-Elmer Cetus
Co.)E ©]-83}2] 10-base oligonucleotide! arbitrary primerE
(Operon Technology Co.)S FU3ke] ALt Th. Primers
OPA 1-20, OPB 1-20, OPC 1-20 =5 6071 2] primers< A1-&-
stch PCR ¥hg E3HE (25 4Ly cDNA £ 1 4L, arbitrary
primer 5 pM, 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 2 mM
MgCly, 0.001% gelatin, 0.5% Tween 20, 0.1 mM dNTP (United
States Biochemical Co.), =32 Taq DNA polymerase (Pro-
mega) 1 unit® FAS AT PCR W24 WA 95C o)A
SRIZEE ohe, 95Coll Al 5%, 36TAlA 134, 72°CollA] 2234
S 2 453 ¥ wHGAIZITE (Yu and Pauls, 1992).

Agarose gel M7|EE 2 DNA 3|

PCR BAE 10 #L= loading dye (20% Ficoll 400, 0.025%
bromophenol blue) 1x#L9t 2%, A7]YEL ethidium
bromide (0.5 #g/mL)7} E3HA 3% agarose gelol U3t TAE
buffer (20 mM Tris-acetate, ] mM EDTA, pH 8.0) &kl Al 50
BE dgoz 1Az ¢ E8 3tk (Sambrook et al.,
1989). A719%-& 3 S, ¥3l= DNA FETE agarose

gelo) 41 2 # o] DNA 2 kit (Boehringer Mannheim Co.)]
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PCR 4dZ2] cloning

Ak 2l FAol M BojH oz veld ¢DNAY differential
display 473 E-& agarose gel 7|9 E7¢A s F, DNA
ligation®} & 2 AE-L InvitrogenA}l2] Topo TA cloning kitS
ARE-SEe] =8B T DNA ligation PCR A E 5 1L, 10x
figation buffer 1 2L, PCR 2.1 Topo vector (25 ng/uL) 1 ¢L,
Z347 2 4L, T4 DNA ligase (4.0 Weiss units) 1 £L% 2 7}3}ed
FH-I7F 10 L2 HASIY A2 A 58 FF v-gAI T
A HNEL Escherichia coli competent cell (INVaF)ell vector
LpelE #H7tste d-82deolA 3083 BEg-A171aL, 42 C oA
3070 Wk dstg ot 19 F ampiciltin® X- Galol R 23]
LB wjA|o] =T3}e 37CA 18A)1ZF B9t widstAch
Plasmid 5=%-& High Pure Plasmid Isolation Kit (Boehringer
Mannheim Co.)Z *]—3—0}04 Zslycl 83 Y9s8tE PCR
BE] A E A=A 9] ARE F2lst7] 9sted EcoRl A
dg AT E F vrb“r plasmid 3 #L, 10x9H8-8-98 1 L, EcoRI
(5000 unit/uL) 1 4L, THF SpuLEA 37CAA 247 B¢
UEE-A17]31 7|9 Eske] DNA AdoRE 3131

BIIME EA}

7)1 92 DNA Auto Sequencer (ABI PRISM 377, Perkin
Elmer Co)2 dAstgoern, 47 454 % ORF (Open
Reading Frame)S NCBIS] BLAST Z & 18-S o] &3fa] RA}
hEth 21 9 opnebe} 24 R AFAAHFT 5L Genetyx
Z29Ee AEsigt

3 8 03
¥l
Ay F FANEEY] 2E9E AAY) 939
AREELIL Qe AF AelAlY] A Gong et al. (1992)9] <519
Abe} 5ol #AIgle] T pHAAE FLEA RINES
AAeRen 319 MEAPE &S pH 3.000A 58 A A

2 x2|
219 <k

13%9] ¥ Hupsle] H] OH TR A% 90% o]l %E}QQQO
o, v} 9] Hl%}“ﬂ_ T3 90% o))tk oo B oI Fto]

AE 0.05% FAHL 2

1;] 719 gHAE %zé
18w} 90% o]/ o)

94 2F A ZHE 0.05% &

ZTAE 71erd-Sm o)) vkg

BNA =&
Yol A gk A el Z2ASANN P IAE A £
RNAE F%3}o] formaldehyde agarose gel Aol A RNAS] A
T ZARE RE F& RNAS S large subunit®] 268 rRNA
‘;’% small subunit®] 18S rRNA, chloroplast®] large rRNA,
chloroplast®] small tRNA 5 47)] bandS-0] ¥-8] %) 2] &2 Ae)

J74et #l5= & pH 3.0004 58 A2
AR A AR ek g At
FAH U meba B el
AS H7E S grol A R Ak

o AR 2elesth

b Rk 29 271
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25014 AT} (data not shown). ©] = H)F0]
mRNAS 9] HElE A Aojzos Rsist
A & Aom aHEY g W] DNA §H FHe g

oDNA M 2 differential display
% RNA 25 g2 2 5E cDNAS FAS &, 60FHo

7—} arbitrary primerE & ©] &8t PCR FF& &gl
I Az AA2E & F9 OPA 5 (AGGGGTCTTG) primerE
ARSI A A i%ﬂl 5 4 FAIE G sgelA 308
Tt A w °ko}m‘/\1 T8 A3 4 F40
o]3}e] oF 1,056 bp EL7H Aol FEHE fHzL dEsE s
Rg FAstA o 1A17L 4A7) Tl Ald FAEHE A
2 B (Fig. 1). olsbdel 2 A= %Ei A3 F4 1
a3 fd FHo] TS AR Htode A9 2&

sl A H g 308 FAY FZEEH F RNA A0
AR EE ARto] Ad Fof| oL {A e d
ZAbeoF & BoE et

Ryl e
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Fig. 1. Pattern of differential display detected in ¢cDNAs from
Porphyra yezoensis tissues treated by acid. Tissues were
shocked in seawater of pH 3.0 for 5 min and rehabilitated
in normal seawater for 10 min (lane 3), 30 min (lane 4), 60
min (lane 5) and 4 hrs (lane 6). Reverse transcribed ¢cDNAs
were amplified using the arbitrary primer OPA 5 (AGGG-
GTCTTG). The control reaction (lane 2) followed the same
procedure without acid shock. The molecular size marker
(lane 1) is the 1 kb DNA ladder from BRL/Gibco.

o]9hzto] A ZAo) o3l uEol AFE A
differential display A4 E< g A7) 98t AAT9 TA

cloning vector?! pCR 2.1& AHESt] AR EFHAE cloning
b A INVa/F‘ & do] YAHSAAY ol B2

@%‘r% H=e
o] Sl& FFHE

Zoll A 1,056 bp 279} &3 G@=7} A
/3%%}7] {38}, 2} HHEZRE plasmidE
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Fig. 2. Cloning of a differential display product using TA
cloning vector. The product was ligated in the TA cloning
vector of pCR 2.1 and transformed to E. coli INVeF' host
cell. The recombinant plasmid was extracted by alkaline lysis
and digested with the restriction enzyme EcoRI. Lane 1, the
molecular size marker of 1 kb DNA ladder from BRL/Gibco.
Lane 2, the EcoRI digested-plasmid. Lane 3, the transformed
recombinant plasmid.
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@71 $15ted, DNA Auto Sequencers ©]-83}] o A71Md&
ZALSH v Fig. 33 o] 1,056719) E712 FAHA e
GHC% TS 33%%) A et o] f-axte] 47144
S g o2 7153 ORFE ZAI3H) 2709 ORFE B3I
o 41 168 F71014 374 A717EA9] 20670 271= A
H ORF=, 35%2] G+C% &3-S 71832, melting temperature=
84Co|™, 174-TTTTAATCGATTAAAA-189 2 313-AAA-
TTT-3189] palindrome sequenceE-= 713 §4o] v}k g
3 o] §AAE 26-TTGAAT-31 (-35 region)¥ 52-TAAAAT-
57 (-10 region) Ale]9] 2048 712 FAH promoter concensus
sequence®t homology7} & @7IAME-& AT 4 UATH
o] A H7IMEE ofn:=Aito g EEE Fig. 4A%)
2ol 6779 ofu=gte g FAdHE FApEF 74189 Gl
(ASPTK)S T43h= 222 & = 3tk ©]& BLAST program
& ol&sle] 7|1Ee] ¢elzl dulAdEate) Jede ANE
S wWioll Magnetospirillum magnetotacticum® hypothetical
protein (Accession No. ZP 00056593)%} 31 bit2] score®} E 3ko]
5.4 (40% identity & 56% positive)EA] t]$- W& FAI S
Bk OhE ORFE 7111 9704 562 A 717kx19] 1497)
A712A, 29% G+HC% TS 7} T, melting temperature=
81°Co| ™, 101-TTATAA-106 2 133-GTATAC-1389] palin-
drome sequence=3}, 115-AATAATTTA-1233} 52-44W Alo]
183 44-TAAATTATT-523  123-115¥Afo] <]
complementary repeatE -2 71 o] o} Z12]ar o] {x}
= 179-TTGAAA-184 (-35 region)} 202-AACAAA-207 (-10
region) A0]9] 178712 F-AF promoter concensus sequence

o

inverted

0001
0051
0101
0151
0201
0251
0301
0351
0401
0451
0501
0551

0601
0651
0701

0751
0801
0851
0901
0951
1001
1051

AGGGGTCTTG
ataaaatGGG
CAACTCATAG
CTCTTTTTTG
AAAAGGGCTA
GCTATTTTCA
CTTTTTCTCT

CTGTAAAATT
GATTCATTTG
CGCTTACTTT
TTTTCIGATG
CAATTCCAGC
GCTCTTTGGT
TAAATTTTTC

ACGGCTTCTC
TTTTTTGTAA
AAATGGATAA
TTATCGCTTT
CTTTAGTAAA

AGACTTTATA

TCTGAAATAT

CTTTATTGAA
GAAATAACTT
AGAGTTCCCA
TCTCAAGGGT
GATACTTTCT
TCTTGGTATG
ttgttCTTTA
TCCTTTATCG
TAGTAATCAA
TATTCAATTC
ACCCCT-3'

TCATTTCTTG
TAAAACAAGG
ATATTGATAA
TGCTGATAAA
TTGATTAAGA

3'AATTCT
ATTCCCTCAG
TAAGGGAGTC
ATAATTTATT

T TATTAAATAA

TATTGGTACT
A5
GCTTTTTTTC
AAATGCTACC
TGGTGAGTGG
TATTCCTTTA
TGCACTTGTT
CCCTACTCAA
1056

AAATCttgaa
AGATTTTAAC
CTTCGAGTAA
AGTTTTAATC

tagagttcaa
GCCTTTAAGT
TTCGTAGGCT
GATTAAAAAT

agaattgaaa
TGGAAGCAGC
TTATCTAGTT
AATAAATAGT

AAATACTACC
TGGCAATCAG
TCAGTTTCGT
ATTAARRAATT
CTTTTICTGG
TTATACCTTG
TGGCTTCCGC
GAGGTATACG

CTCCATATGC
AATTTTCAAG
TTAAAAGTTC
GCCTCTTTGT
CGGAGAAACA
CAARATTTGCT

CGTATTCCAA
AAATTAATAC
GTtttcaaTT
GAAACAAATA
TGARATTTTG
ATAGTTCACC

GCTCCTATAA
CTCGTTTGCT
ACTTCGTTTC
GAATCATTAA
CCTTCTATTC
CAGAAGGAAA
TTTCAACAAA
GTACTTCCTA

ACCTTTTCTG
TCTGCTTTCT
CATCTCAAGC
TTTGGGTCAC
TTTTCGTACA
ATAATTATAA
TATTCTTCGG

AATTATTGTA

CATGAAGGAT

TTAATAACAT

ATTTTGATAA
TAAAACTATT
ACTCTTTCTT

TGAGAAAGAA AAACAGTTTT

AAACTCAGTT

TCCTTCGTCT
AAGTTTTITGC
ATTTCTITGC
AACTCCAGCC
GTTCAGTCTT
GCTTGTTITGT

TTTCCCAAGG
AAAGGGTTCC
TTTGTCAAAA

TGTCGGTTAT

ACTTCTCCTG
GTATAACCGt
TCAACTTTAT
AAATTAAACT
AGATTCAARA
AATCGCCAAG

0050
0100
0150
0200
0250
0300
0350
0400
0450
0500
0550
0600

0650
0700
0750

0800
0850
0900
0950
1000
1050

Fig. 3. Nucleotide sequence of an acid-inducible gene fragment (1,056 bp). The gene was expressed in the Porphyra yezoensis
tissues by acid treatment at pH 3.0 for 5 min. The ORF sequences are shown in italic uppercase letters. The palindrome
sequences and the inverted and complementary repeats are underlined. The potential promoter sequences are in lowercase
letters.
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01 MSFNRLKIIN SKRATIPANT TAPINLFWLF SALWLAISSF ASAFSFSLKF 50

51 FSVSYFVSIS STASLIS* 67

(B) :

01 MGTLFDKKKE YKEAINYFNK ALGNYQNLEN SEGIIKSYNN LGSTVYLS* 48

Fig. 4. Deduced amino acid sequences of 206 bp ORF (A) and 149 bp ORF (B) from the acid resistant gene fragment
of 1,056 bp. Symbol (*) indicates the termination codon TGA or TAA.
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A7 EE olm|=ibo 7 AE3H Fig. 4B #o| 487]9
opplizqto z FAHE FAHF 55129 @ (ASPSK)E T

S oz Bty olF sz deizl BuAET e 4
53-8 HAs9E wol Trichodesmium erythraeum®] hy-
pothetical protein (Accession No. ZP 00072386)3} 35 bit2] score

9} E k0] 0.4 (35% identity 2 61% positive) ZA] vh-$- v

FAFA-S BYTt W TR ORFE 1056 G 7]l 41 565 ¢37]
712 9] 5 A7 do] gle F8-F dHo|P o2 datadl &

EGAIIA B9k E BAFB AT o] FFAE 4
Bucteroides thetaiotaomicron®] signaling protein (Accession
No. NP 810231)3} 49 bit2] score®} E 3t©] 3e-5 (38% identity
2 61% positive)ZA] 1i§- S FAME S RO

18] o] 67 olu|x2to g FAE ASPTK ©Hize
Phe-Ala-Leu-lle 2-& A=A ol 2t50] A9 45%2 217
B, B 5 A5 oju| e AbE-L 382 A] A Q] 55%8 =7
sHel 29 ol 00 Ak 48 A2 slo
H, SRAE 1172 Uehedth B8 48 ol =402 749
ASPSK @l A & Lys-Tyr-GluZ-a 44 olmizalEo] 24|
9] 30%E ARSI EAMHELE 912 Vel o] F g s
o] £A-8 ZA}8}31A}F hydrophobicity profiles ¥ n}
ASP7K r/l—uﬂ Ao Fig. 5 (top)gl— ZELO] x%H}Z% o7 FL AFA
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Fig. 5. Hydrophobicity profiles of acid shock proteins of
ASP7K (top) and ASP5K (bottom). The profiles were ob-
tained by the method of Kyte and Doolittle in the Genetyx
program. Areas above the median line are hydrophobic, and
areas below are hydrophilic.
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