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Campylaephora crassa, Rhodophyta and lts Related Species
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ABSTRACT

Phycoerythrins from the ceramiaceous red algae Campylaephora crasse (Okamura) Nakamura
and related species, C. hypnaeoides ]. Agardh and Ceramium kondoi Yendo, were investigated for
absorption spectra, protein bands by gel electrophoresis and antigenic reactivity to anti-phycoeryth-
rin using Quchterlony double diffusion and immunoblot. Similarities in absorption spectra, showing
peaks at ca. 566 nm>534 nm:>495 nm, were found between C. crasse and Cm. kondoi, while C.
hypnaeoides differed slightly. There were no differences in fluorescence emission spectra and pro-
tein bands between C. crassa and related species tested. Since Quchterlony double diffusion, how-
ever, showed that phycoerythrins from C. crassa and Cm. kondoi were similar in antigenic reactions,
and differed from that of C. hvpnaeoides, the taxonomic position of C. crassa should be reinvestigat-

ed using other experimental approaches.
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Phycoerythrin(PE)& E3A 84 714 F4¢ FEA
9] RaAseA FEd fAdBAE wgse JRERS
A xR bR ol &H3 glvHGlazer, 1977; Glazer et
al, 1982). ©|Edw, A 08| Porphyridium< 4
PEg] =9} b‘%_‘ﬂ.l 2-(antigenic reactivity)el] 3k °}F
7he] EolAle] 329} (Gantt and Lipschultz, 1974;
Rennis, 1991), v]st&ate] CallithamnionZrol A X PE| A
Qe Py Frie] JdHH fABAY FEL W
olekSpencer et al, 1981; Yu ef af, 1981). ol¢} &
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E{Campylaephora crassa(Okamura) Nakamura]
9 72 AL % % EAS Ae] Acke
oA x5 vtEZgta] Campylaephorasol H32,
Ao T Zae]d 7FAZL P Held obE T3
- ¥l o] (Nakamura, 1965; Boo and Yoshida, 1991), 3=
o] Q12 olokz} njZF¢ California #iqtel 4 A%gehBoo,
1992). Z=ivk, Hefd Helr} o ¢ thdste 708 &F

oz AEsz gles, £9 wAdl disted ¥FIH
AR 2392 Ak 8, YA S AT
£ o9 2RTES Aol WAL W= 4D
& gere o WY Guw AREENA ded 2

24o] 2753 altkBoo et al, 1991). TL&¢] 4% (C.
hypnaeoides ]. Agardh)el = PE F3=rt 2489
Are) BEAFe) AREFEE fddAd AT A7
Qo 7 Eal=g e HHirose and Kumano, 1966), 5#-
HEAL o)W 7a] oyt geje] JEEFEHH AFE
A =¥ b gle} §H, B FENL 855 o2 3 BEFA
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Table 1. Materials used in this study for the purification
of phycoerythrin and interpretation of immunological re-
Jationship

Taxon Location and Habitat Date

Campylaephora on Grateloupia cornea in Sinnam, Apr. 1992
crassa East coast

on G. cornea in Hupo, Apr. 1992,
East coast

on Sargassum yezoense in Ganggu, Apr. 1992.
East coast

on 8. yezoense in Guryongpo, Jan. 1992.

East coast
Campylaephora on Sargasswm spp. in Guryongpo, Jan. 1992

hypnaeoides East coast
Cergmium on rock in Gaeuido, Jul. 1992.
kondoi West coast

B Bl rol 8ol F3 w222 Hirose(1975)2}
Honsell 2(1984)e] 23l Aej=sx =)= gk

B el e FoMdB(Campylaephora crassa)?] A
55 $-ARAE soslr] s, 4719 A A
T3 ZAE HEC hypnaeoides) D B1D-ZE(Ceramium
kondoi Yendo)2} oke]el 4 A 5o PES A2l she]
Egxel Hr)9% 9 AE bandg wlwatgich =i
E7¢A @& PE-#FHAL o]43 Ouchterlony teste}
immunoblot ¥ e 2 =)ol AT TadR7re] Wt
Frd@AE FARS

ERETT

LS R, o 3 -E(Campylacphora crassa)e sk
TEx z7dA HAstz AR APAZ o)Hate
g2 AfIze] He] —80°C deep freezere| F3, PEY]
HAA el A 44 Al Abgsteich 3719 & AY
MEASE HAstd ANATT BlTE Agen, 2AFL
M E(C. hypnaeoides)?} PIHE(Ceramium kondo) 2 19
shedrh(Table 1). FEA-L 24k Ag5bel 4] U =7
(New Zealand White)el| 4] <dgit)

Phycoerythrine] Hx|. PE+ 1 mM 2-mercaptoetha-
nols} 1 mM sodium azideZ 220 of o] 4°Cel| A Yu
(19819 wyez AAsteic)h AAsEe R 25g2 B
& 50mM potassium phosphate buffer(PPB, pH7.0)E
7] Z2o] Hejuje] 10 mM PPB(pH 7.0)3 23, pyrex glass
homogenizer2 v} slgic}. F5-8-& 27,000 goll 4 3087t
AR AR Y2 ammonium sulfate(H F5 % 35%)
2 147 A" AR ES o] 4|t FR
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1mM PPB(pH 7.0)3 33l 244|7F F43tgdch 545 4
2% hydroxylapatite column(Bio-Rad, 320 cm)<j & 1~
50 mM potassium phosphate gradient <8 200 mLE ¢
Sa)steint. £2]9 PE 35L& Teola] hydroxylapatite
chromatography S ®¥23l3., 65% ammonium sulfate2
AR shed 244]7 F4algle), $41% PE= DEAE-Sepha-
dex G-200 column(Pharmacia, 1.8X100 em)=|4] 20 mM
PPBpH 7.0)2 S&l3tdeh 2k 3.2 100~200 mesh2
A7kt 8&mL#  £:x%}3, Amicon Diaflo membrane
(YM-10)2.2 F53le] PEEZ A A 3}sich

CHfEe] Hak w2l Aeke Bradford(1976) W
2 o)&slddcl. BioRadel|A] 74% Braford o #ef2 ot
w3l wl-2A]7] 3L A 595 nmell 4] UV/VIS spectrophoto-
meter(Beckman, DU-65)2 ZAstgvk EH shiidEs
bovine serum albumin(BSA)-& A-8-3h¢ich.

Phycoerythrin®| &2 % SE WAIABERY, PE9
F3=E Van der Velde(1973a, b)9] wiiof| wh=} UV/VIS
spectrophotometer®  Z3sdch. ¥Y WA} ~HEF
(fluorescence emission spectra)< 2 pg/mL%] PES 530
nmel| 4] o]7]A]A spectrofluorometer(Jasco, FP-70)%E. &
Aeharh

HoldE. thalzl 8. 15%¢] gel¥} discontinuous buf-
fer system(pH 6.8~8.8)el| 4] sodium dodecyl sullate poly-
acrylamide gel electrophoresis(SDS-PAGE)Z #alsled ).
2F olale Sigmas]al AE EA=F markerE o] £
sledct, dM.e (.125% coomassie brilliant blue R-250Z.
sl w, 24e 35% methanol®} 10% acetic acid &%
FEAo = gk

S AAd. FoME PRI NATAY AT
PEZ 270 FAksted, Eun S(1981)¢] ubg oz gz
ool PE(400 pg/mL)-S £32] complete Freund’s adju-
vant(CFA)2l # 4o] Z/TALE &3, 35 o 23 F
ALstR 2, vFA] 25 Fo] incomplete Freund's adjuvant<}
H2 PEE FAlslz a4 AL ZqlEty] 47 w9y
% AAENET 139 ol 43 Falslz, 39 Fol A
dsled FHAE dgivh

Ouchterlony test2} immunoblot. Phosphate buffer-
ed saline(PBS, pH 7.2)°| =] 1% agaroses F=FH8X8
X015 cm)el]l HelA 15mm TA gelE wEw, A
40mm T Eof PE-EHS 10uL4 3 4°Cef 4
14~184)7F wF&- A1 H el o A= &4 Quchterlony2} Ni-
Isson(1986)5 ulglitl.

Immunoblot-& Harlows} Lanen(1938)2] H}IH-2- v &5}
o} Abgslelc}, PEE SDS-PAGEE A2]él, nitrocellu-
lose paper(NC paper)2t of #x](Whatman 3MM) 2 gel-S
transfer bufferel] 24 Z23}4)7) %, Semiphore transfer
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Fig. 1. Spectral characteristics of phycoerythrins in (A)
Camylaephora crassa from Guryongpo, (B) from Hupo,
(C) from Ganggu, (D) from Sinnam, (E) C. hypnaeoides
from Guryongpo and (F) Ceramium kondoi [rom Gaeuido.

unit(Hoetfer, TE-70)¢ll 4 100 mA, 40 VE 1X]7F FHe]A|H
o} ZFe)E NC paperi= 3% BSA/PBS® Ak-2oa] 247t
blottingsly, PE-Z¥ 45 1:1002.8 #4sho] vh-g4]3
v} i PBSZ 23] A&3le] horseradish peroxidase:Z
L% anti-rabbit IgG(Cap-peDE 1:2,0002.2 45 )
HhgA1%l & 43 A= sle] chloronaphthol $913} H,0,3
Hel 308 L slz PBSE A3 ste] wke-g Az A)gch
LT e
Phycoerythring] Hx|2t E@AHER  PEe| E3%
= H|EI e 4 565~570 nm, 535~-540 nm, 495~500
nmel| 4] peak & Holw, T Zo)A 3] 49 EFTY
Adygds o] 8=%w g)rHHirose, 1975; Hirose and Ku-
mano, 1966; Glazer et al, 1982). 721}, PES) ke A
AL el et ZH-go] Ang Jeld = gleow, &I
7} Fd] o) F bl ekl 3 glch= AbAde] Graci-
laria=(Rennis, 1991)3} Callithammnion<dll 4 dej=] gle
22, PEY F45+ o2 HAu A9AY & 2= Z
el FREAEe 2 F43F Ay AR o] £FH T 9
(Spencer ef al., 1981). .
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FEAEY FEE ANATANA 2&% phycobiling ph-
yeoerythrin(PE)® phycocyanin(PC).e.2 22 ¢ic}. PEx
FH ~H =] 566 nm>534 nm>495 nmel 4 peaks B
o], PCE 540nm, 620 nme4] peakS Hgdch PRel
PCS 233 94 ~aleade 379 peaks Heod,
T3 TEAEH o4& A Beer and Eshel, 1985)8}
TrAFstgdTh

PE= Aw/AwmelAd EF3EZ EHsH, F457] =2
PE Iz &#x7} @ PE 2 429}k PE 19 &3
Zal =32 495 nm, 534 nm, 566 nmell4] peakE ¥ ook
(Fig. 1A). PE II= PE I3} §-Alsted 495 nm, 534 nm, 562
om?] peakr} JeEbdeh FoAEe] Fxe) ot g Al
WA PEE FH=9 peakit F%2 Ao 122
MATF FEF ol UschFig 1B-D). e Fx
WATS C crassa 1. borealis®} S&-Ap8lm, 7h7s}l L2
AL C. crassa L. crassad T-A o] AR A AFS7te)
He)H zolZ}t gler}(Boo ef al., 1991), B A7} 2+ x4}
Aol A 2 A7) w2 EAd A FRHGenT
PES] #3n= HL48d4 & 59 BHTe #Hd
HelE wteddd s dofslal: wrlw Yzl

g4 F2 peaks 561 nm>534 nm>497 nm 2. e}
Foh(Fig. 1E). °]& 565 nm>495 nm>540 nm<) peaks E.
ol &4k A E(Hirose ef al, 19697 &3 peak
Aok Batels e dEe] g4 AEH grap
HNEL HgHe2 wl$ fabslzm2(Nakamura, 1965),
PES] &3 2" edle) Aol 24H A5 H347]9
el Z1alakAY, BA4ke] eald =x ik 9, HEL
Al FF peakr| 561 nmel 4 Wiz gl wie, Fo
A5 vt E o4& 565~566 nmell4 Ho FF peakr}
bt

vt gl EFg A2 =L 566 nm>540 nm>496 nm
o4 peak7} H.olti(Fig 1F), € crassad) 2 <3¢ Al
Ceramium 2] 9= dFZ(Hirose, 1975; Honsell ef al.,
1984)3 RAtslc}, Fo4F2 Wl Coamiumss] 5+ 2
Frelge-2 zrebd of(Nakamura, 1965), % E3le] 4]
FHAZY] AL HEEFER ez FEP0

T, 248 2E A5 §F 9 2=¥EHS 576~
578 nm3l RHo R Heol FRL4EF2] 2 AATEN) 2
AFelA PEY 33 SAdoliz £ Aolz}l glsdch

H7|gso 2F phycoerythrin 24, #o4E2)
T-EFZ AATAN A Ao e} Belf A4 gpyale
PEs} PC2 E#H3le] SDS-PAGEsIH, PEel4+= 3705
band7} viehle o ubsle] PCE 2789} bandgle] ofe}
woh(Fig. 2). PEelAMgt ehle shad bande vy sub-
unit® A 5 M4 giiale oAbl Helsgle-g oF
= 9ok Fig.2¢] PE B 3e SDS-PAGEZ A B4sld,
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Fig. 2. Gel electrophoresis (SDS) of partially purified
phycobiliproteins in Campylagphora crassa. A; 1, protein
marker, 2, crude extract, 3, 35% ammonium sulfate preci-
pitate, and 4 rechromatography fraction. B; 1, protein
marker, 2, phycocyanin fractions and 3, phycoerythrin
fraction.

1 2 3 4 5

Fig. 3. Gel electrdphoresis (SDS) of partially purified ph-
yeoerythring in Campylaephora crassa. 1, protein marker,
2-3, phycoerythrin II, and 4-5, phycoerythrin I

PE I3} PE II& Felo] TEEel(Fig. 3). PE 18] 74
=2 = ¢, subunit?} 17 kD, B subunit7} 20 kD, ¥ subunit7}
30kD2 2 vEhli=d, o= PE Io] (af)s v HelE o+
e 917] djFelzta A E ) o] PE I HE a su-
bunit?} B subunit® PE I3} f-AFslut, v subunit?} 1ie}
A kel (efhd] FHZ Ak 49" 7 (Van
der Velde, 1973a, b)g} <%l

A= PE I+ native-PAGE Aol A sfvie] chul @ 2 4,
BApEE oF 260kD o2 FAF). o) 2 T=4
264 PE I& Rxtare] 250kDs|5, PE Il& Fajgko|
40kD<2l 7o 2 w9l Van der Velde(1973a, b)2] ==}
dzge) B dFeA vlebd Az PE o subunite}

B subunit7} EAleke] MZE o2 H$= Graclariad | A=
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Fig. 4. Ouchterlony double diffusion patterns of phycoer-
ythrins and anti-phycoerythrin 1 from Campylaephora cra-
ssa Guryongpo plants. The center well contains 10 p/ un-
diluted antiserum (AS) and the ouside wells contain par-
tially purified phycoerythrins. 1, C. crassa [rom Guryo-
ngpo, 2, from Hupo, 3, from Ganggu, 4, from Sinnam,
5, Ceramium kondoi from Gaeuido and 6, C. hypraeoides
from Guryongpo.

B1%3)HRennis, 1991). o]} & HE PE [ 4 subu-
nitEe] Exjeke ERTel a=} FAHEAL it "Hel
TRl chebd e viehio] Fol} & FFE A At
Asied ERe] & 5 o2 AAkget wiRel, Callitha-
muionsol A= ot B subunit®] EAgEe T3 ok
#2 ¢lvKSpencer ef al., 1981; Yu et al, 1981).

A7) 5e 2 A% FL4Fe TEE MATLY PE
2 Ay, &2 o 27 Aot AFEa) we-Ze
%28 PE It ghiAel bandv A2 fFArEtEd (AR
1_1],-4,]]).])_ PEQ_] g_sg- ﬁ:_&]]ggjjv,}. ‘%}'Eq, ﬂl-\‘:‘“_}-M xﬂ e t.]--rm 21_9,]
band 539 A9 ATt 2] EFT el A FElgk
)7k giddvh

HesE REfAH. F2A59 FEE AATAA
A& PE 1-4 2 A2 Quchterlony testell A PE If=
Bkl 3HA wbgel 3] vebhdthFig 4). 2, 22
=5 ]-ﬁ—ﬁl- PColld= ¥bg-e] A dotx] 9w 7
Hold PE I-8+84.e PRou Aleldon wed wl
9E AE Fdsiglch PE 1EHE4E F2459
A, SEx A9 AEES #d A dbge]
o] wlehta], A A FE7el PES) Rl E2A
AFglen, ofga vgEANE ] a4 w2
FElo] viebytrh whwe] HEMde gl @A 9
o g mleFsleict A52] f94lE ELISA whgelA
abde 2 vehged, wg sl 5245 rRECR
108 o|AF pobr] Ao ® TEFGL o] A w

e 4 2 oo o 01-r

r10—l°km>auyf~£}m

o
=
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Fig. 6. Immunoblots showmg Specn‘wlty of anti-phycoery-
thrin against partially purified phycoerythrin I from (a)
Campylaephora crassa from Guryongpo, (b) from Hupo,
(c) from Ganggu, (d) from Sinnam, () C. hypraeoides

from Guryongpo and Ceramium kondoi from Gaeuido.

245 verEd Ay FAA0l dE U, ARahs
Ao oldAe] Ued AT
&L 74A g TR WAL 27 93

Ade] gloix FL45 2D ¥eES FHo] of-E -
(Itono, 1977; Boo, 1985), o389 F2422 Ceramium
ol ale wldEd Faksted A Campylaephoras =}
Ceraminvm< 2] 75-& =537 3hckBoo and Yoshida,
1991). ofs} Zo] EEF PEHFTI et W4
EAz a2 B A= vGED] Griffithsiad Tt
Bornetia% ol E 434 3lenZ, goubge] o) dAdL
o} B fFolr AEEE 49 Ae)E widE
ag Aotk HEol, F2AE vigE ¢ HEH
vehle ghsl ghd) 922 Fig lo]4 Hel: PESY ¥
FHz o] 75-oh frarslthe AL gl @A) e PEY

EEe 4 FRaELE #4549 Adgde] FH
IR I

HE HEE AY3lae FL495 A AAT
ZadEzbel] el g P8 Al e 5 gl o
AL Fe4%e PEE A2 de F¥Ad= ot
Bio] gli= g7} glemg wHed Hlge M2 FYshA
delydriz &= = Qo

o9 2 ANE B W), F2HFLE Campylacphora
Brhe Ceramium<e] H-733 JEERSEen 244
& B glojA, H-248e 2F3A e ¥
Fae B2 T AREFEH ez FE3 A4

5]

msole} @ Zelrh T, W3
niado] A o1F7pelE WA FA
and Ford, 1992), F}~s\Ealz)
43¢ BRUA 94e AFsolel & Aelch
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i, PE Iel|A] ©3.& anti-rabbit [gGZE 9542 immu-
noblot(Fig. 5)-&, PE®] &3 %v} Quchterlony test®] A3}
o e, Fod2y Ad AT 45 2 HPE 3
oA TRE Aeol7l Y4k ol BF FE A (polyclo-
nonal antibody)E AH8-stsdr] wfFolztz AZtElE=d]
Toot Bo]tA] whe-ale el S8 FAlS Alggoid o
v 733’4-% d& ¢ & 7Ze|cKRennis, 1991).

it}
ko

i}% Fe A E(Campylagphora crassa)s)
S =etalz] Hshed, i A4
/‘-1*-‘%—(0. hypnaeoides) H B1HE(Cera-
oke)ell 4] AAH AaE HESZ phy-
coerythrin(PE)2 A4 sle] FRzs} A7|gFed ¢ 4
gdde AL Axdly PEI-424F 29 Ouch-

terlony teste} immunoblots &k o482 A9
NATET viFE A JAE PEE F42] peakrt °F 566
nm>534 nm>495 nm24] Wl Sapslglon),  A)EE]
peak: th=rh @3 Wit~ es) PE bandes AG A
ALee BE TAEA 9% qHE Ao]lE BAFA
ot F2AFE A 7}]?‘4]-7"—"’]‘-} v g e
& dlge] Falal uwhel, ASae whge] w4 vl
sicl, Immunoblote &3 EL{— QOuchterlony test®] dx}s)
o4 gEd, FLMEL EdLs) HFuche sldER
Hrrssaors Zaolod, F&4Fe EFIH SF
L ookl AgEFebd dhyjez R HEeo} T

o]t
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