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ABSTRACT

Levels of sterols including A”-dehydrocholesterol isolated from the tissues of marine animal products
(20 species) were determined on 1.5% OV-17 column of gas-liquid chromatography. The composition
showed that the mussels and clams contained various sterols in their tissues ; cholesterol, brassicasterol,
24-methylenecholesterol with some minor components such as 22-frans-norcholesta-~5, 22-dien-38-0l,
22-cis-dehydrocholesterol, 22-trans-dehydrocholesterol, desmosterol, 7-dehydrocholesterol, campesterol,
stigmasterol, pB-sitosterol, isofucosterol, and 7-dehydrocholesterol which could be converted into
vitamin Ds in the skin tissue of animal was present in the muscle of oyster, Crassostrea gigas. On the
other hand, the others including gastropoda were predominantly composed of cholesterol. The minor
sterols such as 24-methylenecholesterol, stigmasterol and §-sitosterol in the fish intestines are supposed.

to be derived from dietary plankton. Cholesterol A’-dehydrogenase which could convert cholesterol into
A’- dehydrocholesterol was present in the pickles of Tricurus haumela intestine.
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B4 AR oAl A M Rt A Zo] (M-
raenesox cinereus), L5 O (Scomber japonicus), 71%
X (Ophicephalus argus)= <&, WD o7 (HEK)
2, Ao Omnastrephes bartrami)y= 2§53 7o
2, E7(Salverinus fariopsis) = 53 WAoo 7t
2} o] AYSIA 3, B X (Engraulis japonicus) S}
o} 3L} 23 (Misgurnus mizolepis) &= o} ¥ 12, Hej
(Theragra chalcogramma)® W ZT AR E AFR-3Y
o BFE2E 22 Turbo cornutus), 115 (Cipango-
paludina japonica), ZE-(Haliotis discus), F}Z7l
(Andara broughtonii), AFR X (Mytilus edulis) 2} 2
(Crassostrea gigas)E AEZ2 3l od, ALFE2E
TR, AR, BX(Trichirus haumela) W33, A
2-( Penaeus orientalis) A 3 H A& o]l K-}y, =
o] ) © (Styvela clava) 5= Al B2 AFE-3HH T}

2. 7] 71

A gof] AFE-3F GLC+ Shimadzu GC-6 APTE<]
3, liquid scintillation counter Beckman LS
680038 o]t} &33BT Hewlett Packard 8452A
Diode- Array Spectrophotometer 2 &% 3},

3. Algaly

1) Al oF

HPLCE £ Merck# HPLC-grade@omn,
71e} il &= SS3AHA ) AFLE 13} FH/38)
o ARE-3l9 k. 7-dehydrocholesterol-& Aldrich A}
ol 4, cholesterol, fucosterol, desmosterol®} {1z,
20-3H J-cholesterol (1mCi)-& SigmaAldl A 735t
Feg=g

2) Sterol#g] AA 2 Acetylation

20g2] silica gel 60({70~230mesh, Merckiit) -8
150 Col A 20412 7h=F A4 3HAlA dessicatorel] A
Hltlislad hexane 2.2 slurryE UHEo], S
(30x1.2cm)ol] FJAMHAY. FAFoA A& 27
3}2 & hexaned] ¥ A7) columnAtol EFaHA]7)
ether : hexane(35:65, V/V) &4l 2 sl A,
e Agats 4F 58 AASI, 100% ether®

o] Sterol 243 # Cholesterol A'-dehydrogenase2} Eajol] &k of ;2 3

sterol& -2 st th €% sterol E &4 Bol &
A A8 T ¥ methanolZ A} AA sl, 438 sterol
& ¥Uth ©] sterol& pyridine : acetic anhydride
(1:1) EFAE FZ1o) 2% Fo] ofx A s}
3! hexane®} E-& 7}38}] sterol acetateE hexane
ZOo2 3 gS, BA 7HFSCA SuiAA
ZtA2azotE a2 (GLC) 2 B4 sk,

3) GLCEAM A ¢ Sterol 53

Sterol acetate 2] GLCE4 2L Table 1o e}
A uie} g, &, AFE§ columnS 1.5% OV-17&
coating¥t ShimaliteE % 2mXxX3mml(i.d) £
stainless steel columnel 1, £4A] column&=
= 250CcHe FUT B EE7Y 2= 280C X
o}, A&7lE FIDY R, carrier gasye N-2 §&£&
50m//min%ith. Sterol®] FAH L ELEFCE U
cholesterol, desmosterol, fucosterol®} 7-dehydro-
cholesterol ¢} acetate®} co-runningdt Ay, ole] &
dol B3 IR AM A A oA sterol acetates
& co-chromatograph3ated GLC4tel H&]€ sterol
= 574 st

Table 1. Gas-Liquid Chromatographic(GLC) Condition
for Analyzing Sterol Acetates

Instrument Shimadzu GC-6 APTE
Column 2mXx3mmf(i.d.), stainless steel,
1.5% OV-17 on Shimalite W(AM
-DMCS)
Column 2507
temperature

Injection & 280TC

Detector
Temperature
Detector FID
Carrier gas N-, Flow rate 30m//min.
Air flow rate 1.0kg/cr
Ho flow rate 0.5kg/cm’
Chart speed S5mm/min.

4) Cholesterol A’-dehydrogenase -3 A"

AW FA (e 200g)S 374 flasko]l &7, soni-
catorZ Alg 9| HEXHE HH3F &, homogenizedt
31 0.1M potassium phosphate buffer(pH 7.3) 100
m/E 713t 10,000 xg= 3087 L2 E a8l 8lo] ol g
A Al¥, 8, mitochondria® A AZ AE5AE
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cholesterol A’-dehydrogenase ZA& Z(H)EA
Aoz AL} o] FF5 Y 30m/E 0.1M potass-
ium-phosphate(pH 6.2) 2 33 3l¥ Sephadex G-
100 column(2x60cm)°l loading3ti, 0.1M pot-
assium-phosphate buffer& '0.03m//min. 8] {52
2 Z7REH A, fraction collector® 2ml/tubeE &
#H3&tQth. Cholesterol A’-dehydrogenase@ Aol =
Asle E8(25m/)-2 0.1M potassium-phosphate
buffer(pH 6.2) 2.2 #A3l¥ CM-Sepharose CL-
6B columno] &&AlA, pH 6.2, 6.6, 7.03% 7.49]
0.1M photassium-phosphate buffer 2t 50m/%-&
0.02m//min. &} &£x 2 H/N3PHA, tubed 2mi¥
2t olm Z Al g ol B E & 280nmol| A 9]
FAEZE FA3Y .

5) Cholesterol A’-dehydrogenase @44 = Z AP

(la, 2a-*H])-cholesterol-2 propylene glycolol]
20ug/0.1mi(0.39uCi/umol) =<1 &8 0.1m/d 7z
Ao 3 0.3m/, 5mM bile salt&£83 1mM
NADP &g 2z} 0.1md¥ 7}sta &, pH 7.49
0.1M potassium-phosphate& 7}sld AA EHE
2.0ml 2 3+9 ) Anaerobicdt Z Ao} <7 59
Al 408 WA g 2.0ml 9] 95% ethanol
7}ete] Rk§-S H XA Z ot

6) Ag'—Silica Gel Column Chromatographyol

o3t 2% 2§rel] w2 Sterol 43 #3°
dk-g-oMo]|A] ether-hexane(l:1) &9} = sterol&

F&3ota, A4 71F3H A 8ol & A AsED, o 7]
EFE cholesterol{1mg/50m!) & 7-dehydroch-

olesterol(0.5mg/50m!/)-& adduct® 2z} 2miA A
7}8t acetyld) 3™t 7)o hexaneg 7}3ld
sterol acetateE hexaneZF .2 3|43l | E )
1% § benzene 2~3m/§ 7tsle] dEA I} &4
AL 3.0g& CH3CNoj o] silica gel 60(70~
240mesh, MerckA}, 150ColA 3A12 713 o2
wyl) 20g2 718 slurry S S o] aluminum foil
2 2373 column(1.6x30cm) ol 313} acetone,
benzene, hexane 2] 2 & columng 53] &4 3}
A7tk o] columnell 4}7] sterol FEHY &
hexane-benzene EgM o2 70:30, 60:40, 50:
50(V/V)e] v¥l&=2, = 100% benzene2 zt 100m/
A xR o g AJ|3tH A, felAL fraction col-
lector tube @ 5m/ & & 235} o}
7) 2+ ¥3 9] radioactivity A}

ER MR

ZF #3829 tubedlAd] 1Imi¥ #H3lA scintillation
counter§ wvialdl %73, o7}e] scintillator [4g
o] 2, 5-diphenyloxazole(PPO)¢} 1g<) 1, 4-bis-
2- (methyl-5-phenyloxazolyl) -benzene (POPQ) &
toluenedl H< 172 B8] 5mi¥ o] 315y #hx
3t WA liquid scintillation counter2 CPM & =
A3t

8) Z} ¥ 8 9] sterol &4} 9

Zt £g 9 sterol A2 Liebermann-Burchardw
Mo 2 P3Pl =, Agt-silica gel columnel A]
B ZF BN Imd ¥ FHel 28 A @B A
Ai7|FslolA JFEAE AAStT, WEA 2m/
9} Liebermann-Burchard A @F(5-4=% A} : A &}
A=2:1, V/V) Aml & 7}t 610nmo| A 18 30x%
o} 308 Fo FBEE 23] A 1 HuAE F
B2 3ok
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1. Sterol =4 |

Table 20l A ® = ulo} o] 2 H(wlha])Ql =],
=3 2N E A sl2= cholesterolo] 99~100
% XA Qow, RAFo|, n5o], 7HEX, A7)9}
22 o7 THoll= thEE 9 sterolo] cholesterol
2 FAH e (>97.3%), brassicasterol, de-
smosterol®} 7-dehydrocholesterol®= &A1& U
o}, & ulgko] Xt iAo+ phytosterol(24-me-
thylenecholesterol, stigmasterol, g-sitosterole],
Ao+ A’-dehydrocholesterol) o] A= Qc}, W
Z}oll &2h 3= phytosterol$l 24-methylene choles-
terol, stigmasterol®} B-sitosterol-& o]l A &2l
5o’ 18 o}2) cholesterol2 A$E R LY RO
2 AAEN) Paramecium octaurelia®’, P.tetraur-
elia® 9} 2 YA FE(protozoa) & cholesterol ol
4} A’-dehydrocholesterolE A4+ 4= ok B
st Utk ojFolx 35 E FRe) uAsIR 2 7-
dehydrocholesterole] EA)3l= AL v} $- S0 2%
u, 2 489 HAe odztel HyirutEo] el H A
83 dol AN =7 o] F o] o)A 7-dehydro-
cholesterolo] AP =2 AL A7/ EQ
3}t '

HAFrs FEH 22 £A8(AA)9 Aes UyEE
o] cholesterol® FA % o] 9o} 24 H 9] sterol=
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Table 2. Composition of sterols isolated from marine products

J

(as area % of sterol acetate)

Sterol*

Products  Tissue®* peak1 2 3 4 5 6 7 8 9 10 11 12 13 Others
Rrt*™(0.62 0.74 0.90 1.00 1.1Z2 1.18 1.25 1.30 1.34 1.39 1.59 1.74 1.82
Muraenesox M 98.1 03 15 tr.
cinerens S 99.5 0.5
I 95.4 tr. 3.1 05 0.6
chmber‘ M 973 0.6 1.0 0.1 1.0
Japonicus S 98.2 1.8
I 96.9 0.1 2.2 03 0.7
Ophicephalus M 99.3 0.5 0.3 tr
argus N 99.5 0.5 tr.
I 97.9 1.3 04 0.4
Salveﬁfz'nm M 100
Jariopsis I 98.5 0.6 02 0.7
Thevagy I 97.6
chalcogramma
Omnastvephes M 99.4 02 01 0.3
bartrams 1 99.6 0.4 tr.
Engraviis W 100 tr.
jeponicus
Misgurnus W 100
mizolepsis
Cipangopalu- M 99.59 0.5
dina japonica
Turbo M 0.2 96.4 23 0.2 05 03 0.1
cornalus
Haliotis M 97.9 tr. 14 0.7
discus
Styela clave M 1.3 51 33.1 26.2 131 7.1 109 3.1
Mytilus M 41 09 50 257 135 8.9 9.2 17.3 4.2 83 2.9 tr,
eduwlis
Crassostrea M 49 10 64 32.0 29.4 35 1.6 80 08 38 01 85
gigass
Andara M 3.0 tr. 6.7 39.6 14.1 tr. 19.4 2.4 105 4.3
broughtonti
Pickled mar-
ine productsa
Penaeus (W) 04 958 1.2 10 tr. 1.6
orientalts
T. haumela (I) 95.0 0.8 tr. 4.2
T. chalco (I 96.7 0.2 tr. tr. 3.1
gramma
T. chalco (E) 94.7 0.4 4.9
gramma
E. japonicus (W) 93.8 0.9 5.3

@

M : muscle, S ;skin, I :intestine, W ; whole body, E :egg

** 1 ;22-trans-24-norcholesta-5, 22-dien-38-o0l, 2:22-cis-dehydrocholesterol(?), 3:22-trans-dehydrochol-
esterol, 4 : cholesterol, 5 ; brassicasterol, 6 ; desmosterol, 7 : 7-dehydrocholesterol, 8 ; campesterol, 9: 24
-methylenecholesterol, 10 : stigmasterol, 11 : §-sitosterol, 12 ; fucosterol, 13 : isofucosterol(?)

> Relative retention time to cholesterol
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A(Fig. 2)& vl & 2 ¢3}ld cholesterolo} F 26~40 diolus demissus| X BAF 4109] B2 5 Cnl A> -
%% Awrg AABHA] XSt oy, ghag 28% sterol g #2859 th. Khan® 5 Scotland} 24 B
brassicasterol(13.5~29.4%) 9} 24-methylenecho- %1 Cerastoderma edula, Chlamys opercularis, Ensis
lesterol(8.0~19.4%), &4 4 2991 B-sitosterol (3.8 soliqgua, Modiolus modiolus, Myaarenaria, Mytilus

~10.5%) %= 3% SA3Y, oj{ v £ R 2R edulis®} Pectem maximus® A> '-sterolo] B-& ko)

2o & o]F3 9t} Provitamin D2l A> - AE2HY, M. modiolus®) 3¢+ AR sterol®) 21%
sterol-& pelecypoda®l] A°-sterol® EA) & Qo.ui, Z A3tz vtz skt Teshimael Patterson®
I e Fof me} 423 ol Bl g 2 F(Crassostrea virginica)o|*xl VL F sterolg]

Toyama®} Takagi'”& ®WZEM(Spisula sachal- 6.6%7} Cx 2. 3 C-A> "-sterole] EFEo)zkn
inensis)'V(5.6%)°l, Tanaka$} Toyama®& Mya st o}, vl Idlers} Wiseman'® 22

< pelecypoda
arenaria(12.6%), Pinna pectinata(15.8%)°0 A> '- 742 Solemyidast= QA 8t 77Tl &8 e 2
sterolo] &A%t g om, Petering'® = Mo- R sterol Z4& ZAMR oY, A -sterol& A& H
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Fig. 2. GLC grams of sterols isolated from Mytilus edulis muscie(A) and standard 7-dehydrocholesterol(B)

1:22-trans-24-norcholesta-5, 22-dien-3f-o0l, 2 : 22-cis-dehydrocholesterol(?), 3 ; 22-trans-dehydro-
cholesterol, 4 :cholesterol, 5: brassicasterol, 6 : desmosterol, 7 : 7-dehydrocholesterol, 8 : campesterol,
9 : 24-methylenecholesterol, 10 : stigmasterol, 11 ; B-sitosterol, 12 : fucosterol, 13 : isofucosterol(?)
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=} ekktka dlg.en, Fagerlund® & 7}a) vl (scal-
lop), AHF(cockle)} BadHF 7§ (mussel) ol A
o g & ko] A* T-sterolo] AEET T o,
7rel) ] B f¥dd w2t 1 g&atolst Attt
399 cH0.41~3.0%). Kritchevsky S22 A1 3#¢1
Eo] 20 HE ofF<¢ 9o, haddock, pollocke} 74
Z+5 < shrimp, lobstere} A, 28] 11 pelecypoda
of &3} &, clam¥ scallop®] sterole] A& %
AVt By, ¥}, haddock, pollock, shrimp#®} lob-
steroll &= cholesterolo] 93.1~99.2% 2 ¥ ¥& =}
A gt} st ew, A 74 9= cholesterol(57.4
%0) 9} brassicasterol(36.7%)7} € sterole] 1, 22
-dehydrocholesterol(3.9% )%+ 24-methylenecho-
lesterol(2.0%) = A& 93 st = 152 Z,
clam3} scallop®] F9 sterol2 cholesterol(41.4,
36.7, 25.7%), 24-methylenecholesterol(25.9, 20.2,
19.5%) 9} brassicasterol(16.0, 14.1, 14.1%)°}8} 32
st e}, A* “-sterole FE A R 3y
=3

2 QoM x 3% 9 pelecypoda® 2% o= A -
sterolo] A& 9o} FZdx A -steroigl
7-dehydrocholesteroio] 3.5% 8500 9lon,
Gordon™'o] @HE 3 F=Z< Crassostrea gigas®] 13.0

lﬂ

0.1

Absorbance(610nm)

E2 A 4=24E o] Sterol 247} Cholesterol A7 - dehydrogenase?] Zajoj @3t A 7

ZoR. Tt AR Hold), ol9} - o)W Wright™
Nes®'7} 2§t ulg} o) A4 73 ¢sloA Q&
2 o] ¢] sterol&2AJ Aol 713 Ao AR EHT.

279 sterol= t)Eo] cholesterolel, Rrt
2.24 ol’dell AE= = peakes FAYN F7 =

S50 Z A AT steroie] AFEZUR|= sterol
metabolite 2 o Az},

2) ZX AR £9] Cholesterol A'-dehydrogen-

‘ase&E 3|

Sephadex G-100 columnolA] €& cholesterol
A’-dehydrogenase &A1 ¥ 8L pooldled, CM-Se-
pharose CL-6B columnl 2 AHAE AlxstHcl,
Zt T8 EAERN ARE T EYA e LY HF
3 (1o, 2¢-*H]-cholesterol®2] vj<kA]l [3HI-de-
hydrocholesterol Ao xo] ole} ARSI} wt
SAME A HojA sterolS acetateZ TES] 15
% AgNOs-SiO; column chromatography 2 &A1t
Z 7= Fig. 33 2t} Hexane-benzene(6:4, V/V)
EFgrlle]lA] &5 sterol(tube no. 28~42) =
hexane-benzene(5:5, V/V) &8 R85 = st
erol(tube no. 49~50)& GLC=Z #4349 5 chol-
esterol®} A’-dehydrocholesterol® &<elxlo] A’
sterol® A*> ‘-sterolo] Agt-Si0: columnZ}eil 4 74

W

(0T X WD) ANAnoeoIpey

)

L4
u—y

mm?a
10 20 30 40 50 60 70 go Tube no.
— 0 ' . ;
100%H. H:B(7:3) H :B(6:4) H:B(5:5) 100% B.

Fig. 3. Separation pattern of sterols after the reaction of [ 1a, 22, 3H]-choles.terol and crude cholesterol A’-de-
hydrogenase isolated from fermented T. haumela Intestines with salt, on Ag+-SiOz column

X — X : Sterol content, Liebermann-Burchard color in 1.5 or 30mun after addition of reagent
O -0 ; Radioactivity(CPM/m/), H : hexane, B : benzene

.....25._



8§ WA A= & A

23| £ ES & 5 U 100% benzeneL & &
@5l tube no. 783 84Alole] ¥ &e radioac-
tivityE wERJY, Libermanm-Burchard A]2kol
vk-3-S JElRA o B2 sterolo]l o}bd cholest-
anolo]u} &+ secosteroid Al £&A (], vitamin D)2
AAA Y} TR A Rt

Nemanic™ & ¢17+e] 33 z}A M X (keratinocyt-
es)oll CH*-acetateE A 7}3le] 15417 whk3stg oy
cholesterol ¥} v} gko] A’-dehyrocholesterolo] & A
Hul, o] ujdol cholesterol A4 AWA|QA AY-
9944 (trans-1, 4-bis(2-chlorobenzylaminomethyl)
cyclohexane dihydrochloride]& H7}shd, A'-
dehydrocholesterol® zymosterol(A® - Cy)uto]
°F 1.6/1¢ v &2 AAPHE 2 Azte mR ZHA A
¥ ¥ A’-dehydrocholesterol cholesterol® %
QA= Al-reductase2] Aol Evtxm st
Scallen®” £ % =} 7t3} 3] 7} o] £ lanosterolo A} &
Zl® A* " #-cholestatrien-38-ol°] 7-dehydrochol-
esterol =& cholesterol(A* Z-Cy)-& AA choles-
terole] ¥AE =4, A71Z3 0 AY-9944 == T} &
A sNAIQl SC-12937(20, 25-deazacholesterol)
E A7y Al-dehydrocholesterol & des-
mosterolo] &A o g YR ZAE Al-reductase
o] &Mofl =i SR}

Bt o] KaneshiroS & QAEEQ Paramecium
teraurelia®™ &} P. actaurelia®™ = A’-dehydrogenase
o} activity?} oD 2 stigmasterolo]t} choles-
terol& A’-dehydrostigmasterol =X A’-dehydro-
cholesterol2 A3 4= ‘,’{l_n.. P. teraurelia ®] o A) 2}
AR (cilia) &) sterol ester?] ZAE ¥ 9 choles-
terol/A’-dehydrocholesterol # stigmasterol/A’-de-
hydrostigmasterol 2] §aku]7}, FA o= 0.9/0.29)
5.3/1.70] 32, cilia®l = 2.0/0.17 2.0/1.3°]1 2.2 Para-
mecium<: Aol A'-dehydrogenaseo] &Alo] =t}
3BT AAWAE AZAAME cholesterol A'-
dehydrogenase A& A& 4 Ao} Fig. 3,
4), o] 347} endogenous{l A o} exogenous?)

A & 2822 & = glon, o] Yo WA=
AaA HH 9 348" EAFET oo, AL
2oz AF7} ojof sl A},

N.&2g &

HERALEER

S8 FAHEFE F oFd AR, 154, 7IE
225, WA £9), 7257 Y3, @x ]9}
aj el x) (o] Ax)e} “‘Eﬂ(‘-ﬂ"““ AHR), AF
at, IF, AE, A2, A3 134-1— A
< ZEA, 98, %_}Z]LH”& AR EH
A, & AA FEQ vHY 58 A8 I sterol
ZFA 3} 2+ A8 F2) cholesterol A’-dehydrogenase
o] g -& AP L.

1. ojf#9t AZAF/9 sterole A9 cholesterol=
T4 o] ARow, o]F2] WA cholesterol 2ol
24-methylenecholesterol, stlgmaterol, p-sitoster-
ol# Z-& phytosterolo] 33 (1.5~4.2%) &4 3t
=8, o]A& &3t U 8-E< planktono] A {2} &t
RO E AL, & A Fo AT EAst= vl
T4 sterol cholesterol 9] AP EZ Az}

2. AFZ dal(£H)NE g 2E 9 sterolo] chol-
esterol o, 20)H (4 ) & Wl 2Fstqch. 2
(K EH)F G2 9 sterolFAS B9 choles-
terol(25.7%), 24-methylenecholesterol(17.3%),
brassicasteroi(13.5%), desmosterol(8.9%)3 gB-
sitosterol(8.3%) 0] F 23} sterolo] i, o]2] 22-
trans- 24 - norcholesta-5, 22-dien-3g-ol, 22-trans-
dehydrocholesterol, campesterol, stigmasterol#t
fucosterol® A% AE&HUY. =9 AS-
terol(32.0%), brassicasterol(29.4%), isofucoster-
0l(8.5%) = 24-methylenecholesterol(8.0%)°]
2% sterolo]@ o, HEIN D:o] A7AU Al-
dehydrocholesterol= 3.5% W &3tz YY1, =
22-trans-24-norcholesta-5, 22-dien-38-0l, 22-cis-
dehydrocholesterol(?), 22-trans-dehydrocholest-
erol, campesterol, stigmasterol, pg-sitosterol3}
fucosterolx &% AEHAUG. £ 2749 njyy
o] sterolZAJE 3t ol oy YAz 2H
Hls=gk 38 Byt

3. Cholesterol-2 BJE}Yl D3o] AFH <1 A'-dehy-
drocholesterol2 &®&& 4= 4= cholesterol A'-
dehydrogenaseE Zx|WAA A& 4+ YU
u, o] &4 UIAIRA T fJlAelx) 1T

3 1. =
T U

= choles-
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