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Abstract

A method for the isolation and purification of DNA from a red algae, Porphyra was innovated.
The innovation of the method consists mainly of three steps that include sodium acetate treatment,
chloroform extractioh, and 0.2 volume isopropanol precipitation step. The sodium acetate treatment
was designed to remove polysaccharide contamination, and the isopropanol step to remove proteins

and salts contaminents. Genomic DNA’s of several species(for example, P. tenera, P. yezoensis, P.
seriata, and P. pseudolinearis) was successfully isolated by the innovated method. The amount of DNA
purified from one g of sample material with the innovated method was 53ltg in average. The resulting
DNA was characterized to include high molecular weight and showed no nuclease activity. The DNA

was pure enough to be digested directly by various restriction enzymes without any difficulties. Porphyra
DNA was pure enough and adequate for amplification reaction through the polymerase chain reaction

(small nuclear tDNA PCR amplification).
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1 2 3 4 5 6 Porphyra(0.05g dry sample)

Volume of U grinding in liquid nitrogen

extraction 400ul 400ul 400ul  400ul 400u1 400 .

solution 600ut Extraction buffer

'\{'olume of 3011 B-mercaptoethanol

;cé%r:dpanol 80ul  120ul 160ul  200pl  320u1 400ul b mix well

Room temperature in dark(15min)
Iiool:l);?npsn ol 0.2vol 0.3vol 0.4vol 0.5vol 0.8vol 1.0vol peu
L -70°C for 20 min 3151 of 3M sodium acetate(pH 5.2)

U agitation of a short period
-70°C for 20min
4 thaw and centrifuge(15,000rpm, 10mim)
Supernatant
1
Chloroform/Isoamyalcohol extraction
! centrifuge(14,000rpm, 10min)
0.2 vol isopropanol addition
4 ~70°C for 20min
Centrifuge at 15,000rpm for 20min
4 70% Ethanol treatment and dry
Genomic DNA solution

Fig. 2. Flowchart of innovated isolation and purification
protocol for gemonic DNA from Porphyra.

Fig. 1. Determination of optimal isopropanol concen—
tration for genomic DNA precipitation
Lane 1, 0.2 volume isopropanol added; Lane 2, 0.3 vo-
lumne isopropanol added; lane 3, 0.4 volume isopro-
panol added; lane 4, 0.5 volume isopropanol added;
lane 5, 0.8 volume isopropanol added; lane 6, 1.0
volume isopropanol added.

Aot 28 2 b AN g 3] ps)a o] Hh-g-g-del 0.1
volume 3M sodium acetate®} 1volume isopropanolZ
H71EE F 4°Col A 19,000 X g2 2087 DA 28l sle]
A5 YE AAT A ES g5l o] whg-8-9

ol 709 ethanol 1ml& ALl 443 o, AF A Fig. 3. Photograph of genomic DNA in Porphyra.
ol m . Lane 1, Molecular marker(A/HindIII); lane 2,
2712 Ax Ak A2 7] A Eo TE(Tris-ED- Porphyra yezoensis; lane 3, Porphyra tenera.

TA)8-4 100uE H7tste] 37°CelA &34 4121 &, 4°C
ol 4] BHstHA] ALg-std oAb A A o BE tip & AH8-3te] 260nmell A S 7 Fo, 1.0 OD% 50ug/
o & dddte Ag3kdeh(Fig. 3). 19] BAA 5 7| F 023k A sl cH(Table 1).
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Table 1. Purity of nucleic aé:ids precipitated by 0.2
volume isopropanol in Porphyra yezoensis

Porphyra yezoensis tissue

DNA(ug/g DW) 53"

Carbohydrate(mg/g DW) 0.108"
Ass/ Ao 1.60"
Asse/Asso 1.89"

DEach value is the mean of independent preparations.

oz 2xslgch & A& Pooulel 5% phenol 2004l
2 "rieta, AgeA EFE Foll Fak4-o 1000uF
thA] H7Vebe] Eahaigch 1B Fol A2 ol A 3087
1)z} 8} t}g, 490nmell4] &3 % E(Shimazu spectrop-
hotometer(UV-21009)) &3] & Bteke S48
o} RETAL 9] WS ALgsle] TEFE ETE
A2 3he] 004 50ug7bA =43 skl ch(Table 1).

chE D HssiptEe] 2T el

il B4 geke 260/280nm F S vl
oz st 2(9), polyphenold e BHE ¥

28 260/230nm FFHA-E vlaEozA Hristaist
(16)(Table 1).

HetzAx 2|

A7 E 44 A DNA(pgel chaFd AFERE H)
»E3 B ZA3F) (data FZ), A=Y ATESL, Pstl,
Kpnl(10unit, promegad| &)& AH&-3led 37°CellA] 14]
b whe A7l thg AhE Y82 1% agarose gel 2 A
7] o Z3le] EtBr&aol 2087 o 4ste] galstalnh
(Fig. 4.

PCREZES

PCRZZ4}-2-& DNA Thermal Cycler 480(Perkin-
Elmer Corp.)& AH8-3ted A A skei ). & 1X PCR bu-
ffer(10mM Tris—Hel, pH 8.3, 50mM KCl, 1.5mM Mg~
Cly, 0.01% BSA)ell, dNTP % %+ 200uM, primer &%
= 20pmole, Template DNAE 100ng 22 3], 25
unit®] Taq polymerase® PCRM3-& Al 7t 94°Cell
A 187) WA, 55°Cell 4] 187} annealing, 72°Cef| 4]
9% 7} primer extension®Z 0.2 303 Wt 2 H-S
A A4 DNAS PCREZAZAc}E #2| nuclear small
rDNAS Z£Z3}7] ¢34 += upper primer® 5'-AA-
CCTGGTTGATCCTGCCAGT-3', down primer 2=
5‘*TGATCC’IVI‘CTGCAGG':TTCACCTAC*B’*3_-‘ AL4-
s}o] PCRuE-$-A1 2 cHFig. 5)(17).

FaFel B AENA] B4 DNA Felihy 1169

Fig. 4. Restriction digestion of total PDNA from Por-
phyra yezoensis.
Lane 1, Molecular marker(\/HindIID); Lane 2, total
DNA/Pstl; lane 3, total DNA/KpnlL

Fig. 5. PCR amplification of a nuclear small rDNA from
Porphyra.
Lane 1, Molecular marker(A/HindIIl); Lane 2, Amplified
nuclear small tDNA of Porphyra tenera; lane 3,
Amplified nuclear small TDNA of Porphyra tenera

Agarose gel MIIEsE

s 414 & 10ul¢]| loading dye buffer 2u15 3 713t
05X TAE bufferol] 5714 0.8% agarose gel°ll loa-
ding3ted A7) F(50V)2 & Foll, ETBr(lug/ml 5
E)& 2057 A3kl DNAE #&<lst ot PCR pro-
ducts DNAE 1.5% agarose gel 27|93 5-& 4 A5t
gelslsict
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Isopropanols= Z& % procedure2 7§

A AL SF39L A O E e
2] 15 59] sodium acetate(H Z X 15M)E A&
371 jEo A o] F AT o BeE 0 d e HS
58 dlabatgdot mhelba At FA A9 §7] L) (so-
propanol)®] FE7} £4:% ikl AAAQ a4
dALZ olfsta A o2 fr] )] ¥ EE 2
A3k} o] sodium acetate: 7] 0.2 BE] DNAZS
Al G FAE dodle ddHE AA] $e4
=" FAA ol 1@} o) o A Fo) AR 0 P F A
£ dog|A He Aol o]23} dogdL AAsE
U 0 2 jsopropanol?] ¥X2A-& Agsgwl Aol
ok, F8(13)el w2bA 1.0volume ¥ =9 isopropanol
2] 3dE ol &= PCR $FN A= 2 A H4E 714
$t7) =, polyphenol & 9] 2.9 & oJx3] &4 2
of et et o] ZAE A3l YA 22 gk
Hell 19 PVP-402 3713} polyphenol £ £A4 &
32 gk Foll, isopropanol %5 W 3tAAH rpeA] A1¥
& B A7, 9419 yield 2@ 929 %, polyphenol £.%
AANA FHE NS 7HA Lobe AL 275 Y
o} & A1 3] £ 5 X3 0.2volume isopropanol =7}
7} Z 73 ol DNA yield9 €4 A A7]52 nol 3
% tHTable 1, Fig. 1).

Isopropanol 5% =4 9]¢l 448t FALA) A W&
HE= RA A Gelidiume] obd 3ol A -§-3}= pro-
tocol 2 &gl 3}7) -‘H?‘sﬂ/ﬂ 24 protocol 2 %-¥] B-mer-
captoethanol 7138 H3A &A1 2(Fig. 2), 7o
2R YA 22 protocol-a—‘ﬂl/ﬂ = AH4-H A dskd
chloroform/iscamylalcohol X 2]3}44-&- ©9)319] 3w, o
SN 2L u YR, E G AEL A= A E
ot £3] sodium acetate® 8] &= t}-2 protocol o] 4] =
FYAike] AL 93 Ao Abe3 Aolgl o) B
protocolell & tldF E24E AA B-o2 e)sly

= 0] 71E2 W &3 11 9] w7} b2} = {sopro-
panol 8] ¥ -70°C incubation® & &% )& w3}
A ZAcHFig. 2).

Mol =& (vield) ot =+

o] Wb & A1-&3ld P, tenera, P. yezoensis2] < A
Z2HE total DNA $2% A gsldch 25kbA =9 2
ol & 7Hl 4k AL o8 Fald ¥ 5 qlged
(Fig. 3), B¢ &2 A2 A 2% 53ug W)
o] DNA &2 DNAS AH&-3hs aFgd Al 283 ko

ol - ey

24 71&2] DNAE2] P E5(4,12)3 ¥ 2 of &
TEE vielylc) 2alal o ga)A 6 glel s E‘EE
2 B Awo/Asotte] BT 1898 EZ vehta] 7129
W E(4,12) 7 v 28 w) 73415 9l ch(Table 1). & poly-
phenol LFA A SlAAME 2 HE A Fal Asy/Avyp
ol 7128 W59 vlady Falo] A=
(Table D). ze]v} sl 2F 4t £ A 714 & EA]=
Ao Foodo] Al B A6l kA 7|22 A A
1 (PhenolAh-4, CTABAHE-, 2-butoxyethanolA}-4-)
S AYE £ A HAK g FAS HEE 5 9
Reuk, B A Wy g AHg-sly ) A0 2 6
AH A5, 71E9 b S5 v 2] B o= Fele] A A
3 geFo] ZHAa= A oH1.0me/1g AFEF% vs. 0.108mg/
lg Ax2Z=H)(T).

HstE X

EuoZ 223 DNAE o] £31e oJ@)rlx] A
TaLE Aeld 3 F, AYEA(Pst], Kpnl) 2 22| g
A A} Z3hd o 2 A= 9 oh(Fig. 4). 7)ol A
= 944 £ 2 partial digestion®] §57] ] &
Z o4 = o} genomic library & 243 2] £33 9]
o} e} 2 929 Saga group(12)e] 234 A
<29 7 CTABYHE & 83t genmoic library=}
A S & 5 s AEY £43 944 DNAS
Bed AFsldche 220t gl o, ol 5 o] up
ol ZFA a9l A, & A7t % Au|s) go] 289}
= 5 DNA®] £4lo] athe Ao}t 1A v
o= £ A4k F2uhy L ofF AL A7t v 4o
ZEAAOR GAANE BT S UEE A}
(Fig. 3).

QW%J AR &AMl A P 225 DNA
2] HA % ¥, 18S rRNA gene s 23S o (Fig.

5) P. teneragdl A= 282} A7)7} 2.3kb A o]t}
B 37| 1.8kb AT °]"}(18) P. tenera®] 18S rDNA
7} ZA & o] rDNAR-E ol 3} introne] &
A3l7] GFolddte AL FHNA il 4 gl
(19). o1& intron FE group I introno. 24} Zo]7}
500bp A 57F =9, self-splicing S 88 3}= intronolt}.
T el A3ha19) Aeo] YAt XA B

o] wpetA] Zloll EAf sk intron®] Zo)7} de}Rlvl
= 2urt gleh 2y =41 71 o) 918 rDNA o
T Ho9lA] otr] Yoz DNAEA L AL 23
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rDNA®] 47| dol Fofl miEbd = S E o}
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HERg #0388 4 9le A S Azl wfelrt 1
2} 2ol = 1DNAS $E38le] F71A 9S8 24
A8 A 53] A= 9laL, G A g
7 & rDNAEA o] 3 EAF9 A3} E7e
A5 Abejolt), uheba] B Alg4l oA = 18S rDNA
HE-E PCREZsIeH A28t ong o8 &%
¥ PCR productE sequencingdte] @7} Aol
3 A BBFE QL b 7)o EFol A galeic}
(17,20,21). 23 A Febd FEA A9 E2} EFel
oz g3 z7s} =g Al

TRt

M

ch=5 ol

lo

XA

o

o] ¥l & A4 E 5E BEE FASL B3] A
g AR 7 o) DNASRZ Adsl & 23 ¢4
41 22] 7} 355 o0 (Fig. 3. SA ol by oz
7o 25E DNAS AT Heit) 24 doss
nuclease5-2] A% AAHH k= DNAS & 5
7} el At =3 DNAZY o] -f-4-3)F sizedl 25kb A%
o ;i ik 2e)7} 7bFs e chFig. 3).

oo} A] Tha¥at 71 9] E5roll A o] W e DNA ¢4
»al F15A4e Balste ngirt o ARE 2 o )2
] whylal CTABWY 3 v 7% o) 5% 2 DNA
A NA ZA AN Lo] 12 Ak Fig. 6). = CT-
ABuMY 3} v 23 & w) 7129 bl E 4E 2E T
o e YA, L FANE 2R BT 719
EQoA 1A 2 BEE LY FAS Yehd b ol vl a
& o, 2 e Y HE NAEANE 53]
NAH 5% DNA 235 BoiF9chTig. 6). ot

A

& o2 AN ohekF FA) 2} polyphenol B5E £
B3] 7149) AL AL Eeld)
t}. ¢] protocol-& theFal 7149 of
E 2 EeE 24 TAE VA Z e oEE dx
FEZFE 48 FEstedds 783 el 2

1 2 3 45 6 7 8 9 10

21kb

Fig. 6. Photography of genomic DNA in Porphyra.
Lane 1, 6, Marker(lambda DNA/EcoRI+Hind III; Lane
2, 3, Porphyra tenera genomic DNA; lane 4, 5, Por-
phyra yezoensis Genomic DNA! lane 7, 8, Porphyra
seriata Genomic DNA; lane 9, 10, Porphyra pseud-
olinearis Genomic DNA.

7h), A Aol A, F2BE o|AA B FE ¢
ol HzF ik Ea] 2 A 7199 5 glea 7]
i gte}, o}#] WhaLR-HE7] 9] genomic DNA library+
T oo glola vItA wAld] gloernz oz H
A Aol 4= o] A A vp & o] 43} £ RNAE
£2)gF o] cDNA library2Hid-& $3 Foll glct

Q o

ik E2|7h o2 ATl A A S AA

XA EU2(,3E  1.0me/lg ARFET) vs.
0.108mg/1g), A G x /A% 92w (Agwy/ A
1.89), polyphenol33HE 2 9= % A A (Aw/Aze:
1.600% 4= gl xieh. = o] w22 AHAg DNAE A
L35 o, gtz o 2 BapEFol] AF8-3= small nu-
clear DNAE Z-Z-3}7] 9148 71&2] A5 9l primer
£ AHE-3te] PCR £%3F 25} < 500bpY] introng 2+
£(18) 2.3kbA £2] PCR product® A it Al 3
AL AT ol B2 09 ({29, poly-
phenol3}§HE 2.9, o)A AR 2 B2t AP AN
9, AAAP] ol el Aolslnz Axd JAF
ZAAZHIR o)A BHR G AS T2 402 Aoy
A B2 A3t A o] DNAA AWk o] 28 7] &7
F83HA| 2293 4= =R 3] e bkt &
Fol Ao 2Ry DNAS AAH Bekg o 53] A4
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EEE 29 et a2n, A H e A=A, =
HAEAHAAE AF T A3} €53 DNAE AAE <
A ek (Fig. 6).

A2 2

o
i
“d
tlo
off

2 Yold AYD FISAATAG
QAT U, oldl o] e =it

rak

=
(L

1. Bold, H. C. and Wynne, M. ]J. ! Introduction to the al-
gae. Structure and Reproduction. Prentice-Hall, New
Jersey, p.454(1978)

2. Chung, C. H,, Kwon, O. C, Lee, Y. M. and Lee, S. Y.
© An improved method for isolating high quality poly-
saccharide-free RNA from tenacious plant tissue. Mol
Cells, 6, 108(1996)

3. Coleman, A. W. and Goff, L. J. : DNA analysis of euk-
ayotic algae species. J. Phycol., 27, 463(1991)

4. Kitade, Y., Yamazaki, S. and Saga, N. : A method for
extraction of high molecular weight DNA from the
macroalga Porphyra yezoensis(Rhodophyta). J. Phycol.
32, 496(1996)

5. Mayes, C., Saunders, G. W, Tan, I. H. and Drueh],
L. D.: DNA extraction methods for Kelp(Laminariales)
tissue. J. Phycol., 28, 712(1992)

6. Saunder, G. W. : Gel purification of red algal genomic
DNA | an inexpensive and rapid method for the iso-
lation of polymerase chain reaction-friendly DNA. J.
Phycol., 29, 251(1993)

7. Manning, K. : Isolation of mucleic acids from plants
by differential solvent preparation. Anal. Biochem.,
195, 45(1991)

8. Goff, L. J. and Coleman, A. W. : The use of plastid DNA
restriction endonuclease elineating red algal species
and population. J. Phycol., 24, 357(1988)

9. Sambrook, J., Frith, E. F. and Maniatis, T. : Molecular
cloning: A laboratory manual. 2nd ed., Cold Spring

#4573

A

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

- 5y

Harbor Laboratory Press, New York, Vol. 2, p.128(1989)

. Parson, T. J., Maggs, C. A. and Douglas, S. E. : Plastid

DNA restriction analysis links the heteromorphic pha-
ses of an apomitic red algal life history. J. Phycol., 26,
495(1990)

Shivji, M. S., Rogers, S. O. and Stanhope, M. J. : Rapid
isolation of high molecular weight DNA from marine
algae. Mar. Ecol. Prog. Ser., 84, 197(1992)

Hong, Y., Coury, D. A., Polne-Fulner, M. and Gibor,
A. : Lithium chloride extraction of DNA from the sea-
weed Porphyra perforata(Rhodophyta). J. Phycol., 28,
717(1992)

Alberto, F., Santos, R. and Leitao, J. M.: DNA ext-
raction and RAPD markers to assess the genetic si-
milarity among Gelidium sesquipedale(Rhodophyta)
populations. J. Phycol., 33, 766(1997)

Cenis, J. L. : Rapid extraction of fungal DNA for PCR
amplification. Nucleic Acids Res., 20, 2380(1992)
Kochert, G. : Carbohydrate determination by the phe-
nol-sulfuric acid method. In “Handbook of phycological
methods. Vol II. Phycological and biochemical me-
thods” Hellebust, J. A. and Craigie, J. S.(eds), Cam-
bridge University Press, Cambridge, p.95(1978)

Su, X. and Gibor, A.: A method for RNA isolation from
marine macro-algae. Anal Biochem., 174, 650(1988)
Innis, A. M., Gelfand, D. H., Sninsky, J. J. and White,
T. J.: PCR Protocols, A guide to methods and app-
lications. Academic Press, San Diego, p.307(1990)
Stiller, J. W. and Waaland, J. R. : Molecular analysis
reveals cryptic diversity in Porphyra(Rhodophyta). J.
Phycol., 29, 506(1993)

Oliveira, M. C. and Ragan, M. A.: Varient forms of
a group I Intron in nuclear small-subunit rRNA genes
of the marine red alga Porphyra spiralis var. amplifolia.
Mol Biol. Evol., 11, 195(1994)

Patway, M. and Van der Meer, J. P.: Application of

-RAPD markers in examination of heterosis in Gelidium

vagum(Rhodophyta). J. Phycol., 30, 919(1994)

Araki, S., Sakurai, T., Oosua, T. and Sato, N.: com-
parative restriction endonuclease analysis of Rhodoplast
DNA from different species of Porphyra(Bangiales,
Rhodophyta). Nippon Suisan Gakkaishi, 58, 477(1992)

(19984 849 19¢ A)



