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In this paper are summarized the results obtained by the present author and his cowor-
kers about the function of siphonaxanthin and its ester siphonein in marine benthic green
algae, and the. pigment contents of about 50 species of green algae collected from
different sites are also reported. The discussion deals with the ecological and systema-
tic significance of the distribution of lutein, loroxanthin, siphonaxanthin and siphonein.

Siphonaxanthin and its ester siphonein were regarded as photosynthetic pigments ab-
sorbing green light prevailing in coastal deep waters. The distribution of siphonaxanthin
seems to be ecologically significant in the case of the Ulvales, the Cladophorales and the
Siphonocladales since it was detected only in the algae collected from deep waters or
shaded sites. The distribution of siphonaxanthin and siphonein seems, however, to be
systematically significant in the case of the Siphonalean orders, the Codiales, the Derbesiales,
the Caulerpales and the Dichotomosiphonales, since those pigments can be found in almost
all the members of those orders. This fact seems to imply that not only the deep-water
members but also the shallow-water members of the Siphonales originated in deep waters.

There are some deep-water species in the Cladophorales and the Siphonocladales which
lacked siphonaxanthin, regardless of our expectation that they would have siphonaxanthin
as a photosynthetic pigment essential for them to grow in deep waters or shaded-sites.
Recently we found that those species contained loroxanthin, which is the precursor of
siphonaxanthin, but did not absorbe green light in vivo.

Lutein, the precursor of loroxanthin and siphonaxanthin, seems essential to shallow-water
green algae since it is abundant in the thalli of all of them while hardly detected in the
thalli of deep-water speceis having siphonaxanthin or loroxanthin. Deep-water species
having loroxanthin might have derived from those having siphonaxanthin by failing to
oxidise loroxanthin into siphonaxanthin. In the same fashion shallow-water species having
abundant lutein might have derived from deep-water ones having loroxanthin.

Yasutsugu Yokohama, Shimoda Marine Research Center, The University of Tsu-
kuba, Shimoda, Shizuoka-ken, 415 Japan.
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Fig. 2. In vivo absorption spectra of Ulva
japonica and U. pertusa (KAGEyama and Yoko-
HAMA 1977).
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Fig. 4. In vivo absorption spectra of various
green algae. Samples were collected at Shimoda
(KaGEYAMA and YokoHAMA 1977).
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Fig. 9. Excitation spectra of 685 nm fluores-
cence of the thalli of Ulve japonice and U.
pertusa measured at room térqperature (KAGE-
vama et al., 1977). R

FLUORESCENCE INTENSITY AT 685 NM



216 YokoHnaMma, Y.

T, YTV IrHyDAR2 p MEHE RS AR
RLTWb, 2D L3y 7 v o0~ 2
DB, BIRARZ PO ZICEERIL 25

K BANZERB EWS Z LiE, Y7 v rvEERNO
TR SHE DO LI D = 4 4 % — D3I 2

RR7 4 VeNGEIRTWEEWS Z ERRLTY
LDTHD, TPz tRIRAEHFOFEMH L Sh
BUhFFHvF IMERED 7 a v F v L
FRCHER AT LRI DD TH D, TicbhbIFENE
DR REE TR T 5 AR EFETH B vk
FEVvFUREETAIEC L T, WERETOR
BOWHPIEDO T TLERETEL LMRTEHDTHE,

PARIRA - DIEEE

FEiESEOFh O L OO o R T F v
FUERFELT, TOATATHD vHX1 vIiEg
FRTWABZ Mo, CoFErmohsnE
H ik Caulerpa filiformis #W— o s} £ LT
(STRAIN 1965), s A Hev=/A4 H A7V %H
DI RTOMDFEHINT > wF v F v EHFELT
wENTWS (KLEINIG 1969), Caulerpa prolifera
MHEBORICY R VLT YY) VI s T=AT
MEENTHDTHSB - &p KLEINIG and EGGER
(1967) i X > THEEh T3,

vk F Y v F U AREE A RIS B KA A
LTHEL TV B D s, F0=AF Mfilaw LTu
BDIEA M, vhFFHvFUREGUN U RIAL Y
REFhWY I v ryd, WhHiat i LizonTk
IRAXZ7 AR L TR TS, HIL RS
Righz Enb, YhixA vOEREMT ST 5]
WRZ RFFH v FrvDFrhsizALER-TL
FoTWah, FHEETHho I rF /4 FRsrrr
4 VOBIUEK EFTILD B> TWAELDELLNTH
HEWZ B, T2 vhi A vilvhFFH v Fv
ERFLTWD I D X5 kR V0T, ~
RARA VOAEERIC BT BRI OMLE RIS = & X
ZAARVEETH B, L LY 7L 7yic s Lk
L yhxd vEGUNYRFFH v 3 etk
H IR FIZA D ExTHE, FORIAN2 | o
LEHIFA N7 A RPNB T T,
FEREDH B2 725208 Luss,

ZATSHFRL E Z DR L AEF ISR T UL o
ThHH, BT bEKCI -7 1fE (BB 1E)
KIFEFLTWDEWS, Fhits 2 Foek

YERRA VD

g7 F 3

WH 2 2= 1 fETHHH, KLEINIG (1969) 1IZ & -
T, vhRM vERELUNCRFFFVFREE R
EREIRTWAZ LT TN, ZhixiERG
TH S RENIHRE TCEDEFNMLRATVWS
FThsrn, T LTEAEOMMIC AT LT
BEVH, FORBRMRHEL O P A 2D X5 TefF
WA LTV AHAETH oo KNI ELSIEDL
hicHOLHEoERC, TR EV <y b RPK
Lieksis,

Fig. 101X vhrFHvFvivmaxM1 v E&E
Wk b=, kR UvF RGN ARV
BEERNY . 2THY, YRFFHVvFrEsk
FA4voORFeELe 7 ¢ ThRFRA Y REDLH
vhrFHrFATEEFEW S F a0 F VI R
DHEFEEPLHONICBHROWE 7 v <+ 7
AP, FaUF i INEREFRIC YRR A
VERER, LT INEY VLI TAFCEENRTWS
vhRFFHUFLREEREWD Z EEPBRCRL
T B

Fig. 11 i3 5 a T AR X
e b= YDEMAEDOBINARI v L ThHD, FaV
FUYIFRDARI PANT S 2 I TAYDARZ b

nE,

'S A TH
Frhie s

DFVE R Y a T

-

Fig. 10.

Cellulose thin-layer
of pigments from Monostroma nitidum (1), Ulva
amamiensis (2), Codium latum (3) and Dichoto-

chromatograms

mosiphon tuberosus (4). The developing solvent
was the same as that in Fig. 5 (KAGEyamAa and
Yokonama 1978).
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Fig. 11. In vivo absorption spectra of Monos-
troma nitidum lacking siphonaxanthin and sipho-
nein, Ulve amamiensis containing siphonaxanthin
without containing siphonein and Dichotomosi-
phon tuberosus containing siphonein without con-
taining siphonaxanthin (KAGEYAaMA and YOKOHA-
MA 1978).
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Fig. 12. Excitation spectra of 685 nm fluo-
rescence of the thalli of Monostroma nitidum,
Ulva amamiensis and Dichotomosiphon tube-
rosus (KAGEYAMA and YokaHaMA 1978).
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Fig. 13. Relative pigment composition of benthic green algae in different habitats. *Collected

at Okinawa or Amami, and others at Shimoda.
of fluorescent light with the day length of 14hr at 20°C. Open circle denotes sunny site, while
closed one shaded site. Chl. a=chlorophyll a; Chl. b=chlorophyll b; Sx=siphonaxanthin; Sn=
siphonein (YokoHnaMma, unpublished)

**Cultured for more than one month under 2 Klux
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Fig. 14. The structure of lutein, loroxanthin,
siphonaxanthin and siphonein.
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Fig. 15. Cellulose thin-layer chromatograms of
xanthophylls from Enteromorpha compressa,
Valonia macrophysa, Cladophoropsis zollinger:
and Scenedesmus obliquus. The developing sol-
vent : n-hexane and methyl ethyl ketone (4: 1,
v/v) (YokoHAMA, unpublished).
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Fig. 16. Relative pigment composition of
various algae of the Ulvales, the Cladophorales
and the Siphonocladales. The value of loroxan-
thin was calculated using the molar absorption
coefficient for pyrenoxanthin proposed by Yama-
MoOTO et al. (1969) because that for loroxanthin
has not been proposed and the similarity between
both the pigments was pointed out by GoopwIN
in 1976 (YokoHAMA, unpublished).
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