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Lipids of Salmonoid Fishes

X. Lipids from spleen of silver salmon, Oncorhynchus kisutch,
and red salmon, O. nerka

Koichi Zama, K6z6 TakaMa and Hisanao IgArRASHI

Abstract

The lipids obtained from spleen of silver salmon (Oncorhynchus kisutch) and red salmon
(Oncorhynchus nerka) were purified by cellulose column chromatography and the yields
attained were 28.1 mg and 23.1 mg per gram of raw materials, respectively. The properties
of these lipids are listed in Table 1.

These lipids were fractionated into hydrocarbons, sterol esters, glycerides, sterols,
cephalins, lecithins, sphingomyelins and lysophospholipids by means of silicic acid chroma-
tography. The fatty acid composition of each lipid is shown in Table 5.

Lecithins were further purified by alumina column chromatography and the distribu-
tion of fatty acids on the e-and p-position was studied. The results are presented in
Table 6.
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EROME :© g Fig. 1 Wi & 5 RBREERL I8 0 7 7 B 409.5g, ~ =97 B 511.0g
BERENLSHEEDIma bV A - 2%~ (2:1) BIEERET 2 H, Bk 2 AEDRGEH CRiH
HE21Te, HHER2AL, BH2PEL ¥ ¥y BIEEE 13.0g (Iod. no. 139.7, P 2.14%, N
1.0196), ~=¥ % MEHIZE 13.1g (Jod. no. 151.0, P 1.92%, N 0.95%) %47,

Salmon spleen S*: 409.5g, R: 511.0¢g

| Ext. with CHClyMeOH (2:1), 5vol.x2, 2vol.x1
CHCly/MeOH Extract S : 13.0g, R: 13.1g

l[ (12¢g) (12g)
Cellulose column (72 g, 35x 295 mm)

Elute with CHCl,/EtOH/H,0
(800 : 200 : 25)

Total épids S8: 1l5g, R: 118¢g

* 8: Silver salmon R: Red salmon
CHCl,: Chloroform MeOH: Methanol
EtOH: Ethanol

Fig. 1 Preparation of salmon spleen lipids

LAO-ZASL5O0% IS5V 4— @ HEELOEREELRETAIND vrn—Xh5Lu<
ML BREME T2 BID + L v ~XHE (Whatman cellulose powder, ashless grade) 72g
(35x295mm) % 2 m m kv AR, 5 AR, BT 360ml D wmAkoL A TEHEEGL IR, ¥
7 RBHIEE 12.02 % 120ml O vwakiva - =& —oU - Kk (800:200:25) IKIEAE, &0 —
ZXHT MTEY, B 960ml OFREROBERCHEL, ¥ ¥y g 11.58 2581,

Flz, FHRL TR= 97 BIRHEE 1202 1Y 11.8g OS=FrMBIEE» B,

o OfFEOMIRNIE Table 1 RTEY ThH 5,

TARNSLIOTIIST4— : Table 1 K TLC DFERIDWIRE L &, THIEE 'Y ¢
v ) VIRERS AT 4 v IEORAMTCH AL EBHE L ERSDT Y AR~ itk b FE
DRBEERS1Z, Bb 2% 7 — Vi, BTS04 FEWEREEI S DERET 2 B2 KE
T2 o2tk BEKFP T 110°C, 24 FEEMEALL 724 4 B (Mallinckrodt, 100mesh, reagent grade)

Table 1. Properties of salmon spleen lipids

Silver salmon | Red salmon
Phosphorus, 96 2.06 1.72
Nitrogen, 9 0.84 0.82
Choline, 9§ 5.67 5.49
Amino acid (as serine), 94 0.41 0.35
Amine (as ethanolamine), 9% 0.54 i 0.56
Sphingosine-N, 9 0.16 0.15
Glycerol, 9 9.98 9.89
Aldehyde (as stearal), 94 0.09 0.03
Sugar (as galactose), 9% tr. tr.
Inositol + +
Todine no, 138.8 150.4
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305g R FAEM=—Fou - = —F v (95:5) RAWCKER, »S5 AT (35x596mm), FEAMTHS L
BLEBLIE, FUF MR 9.82 £ 98ml OFEMICEML TH S5 AZEALIE, AMz—
FU - 2~ FVBH(95:5), (80:20), Zwukia, Juniva-2% 7 —~VERKT:1), (1:1), (1:4)
ROt x4z 7 — U CHEKENU, BHHIEAE 25ml 3298 Fig. 2 ORTRHERE®/. 270, AR
LT~=+ 7 RIEE 10.4g X b 7 1 B 340g (40X600mm) # 5 & & v < b it X b 2 E %2172\ Fig. 3
CRTHRE2HR.
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Fig. 2 Fractionation of silver salmon spleen lipids on silicic acid colamn
The lipid (9.8 g) was chromatographed over 305 g of silicic acid.
The eluate was collected in 25 ml fractions.
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Fig. 3 Fractionation of red salmon spleen lipids on silicic acid column

The lipid (10.4 g) was chromatographed over 340 g of silicic acid.
The eluate was collected in 25 ml fractions.
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Table 2.

Properties of fractions separated from silver salmon spleen lipids by silicic acid column chromatography

Fract, Tube Yield P N Choline Amipo" Amine*| Sphingosine- Glycerol |Aldehyde; sugar : Tod,
mo. | mo. | e | 00 | 09 | e | 28 BT TS | T | Ge | e | Tmostel | 5
1 1- 70 | 2048 - - - - - - - - - - 84.1
2 71-105 1003 — - — — — - - — - — 88.0
8 106-139 196 - - - — — - - — — — 125.5
4 140-210 1095 - - - — — - — - - — 82.4
5 211-280 1641 2.66 0.89 0.09 0.85 2.47 - 11.19 0.23 tr, - 110.9
8 281-286 305 2.88 1.09 0.18 0.65 2.79 - 10.95 0.15 tr, + 100.1
7 287-299 1170 3.34 1.41 | 12.33 0.04 0.02 — 10.21 0.08 - + 133.8
8 300-348 1761 3.61 1.62 | 13.83 0.08 0.06 — 10.16 0.35 - + 82.3
9 349-362 201 3.38 1.87 6.44 1.45 1.26 0.35 8.76 0.31 — - 75.6
10 363-465 279 3.57 1.97 9.35 1.30 0.58 0.59 5.58 0.03 — - 78.9
* The percentage of amino bases were calculated as in Table 1
Table 3. Properties of fractions separated from red salmon spleen lipids by silicic acid column chromatography
Fract, Tube Yield P N |Choline Amj-'éo' Amine* Sphingosine-N | Glycerol |:Aldehyde| Sugar Inositol Iod.
mo. | mo. | (mg) | (%) | (%) | %) | {5 | (%) (%) %) | 6 | % | no.
1 1- 38 2673 — - - - - - - — - - 83.3
2 39- 72 817 — — — — - —_ - —- - - 62.5
3 73- 98 642 - — — - — - — — — — 126.2
4 99-144 872 — - — — — - - — — — 80.0
5 145-238 296 — - — — — — 10.91 0.45 — - 61.3
6 239-254 540 254 0.79 0.95 1.26 2.05 — 10.95 0.58 tr. + 114.1
7 255-297 890 323 1.69 0.87 3.05 5.00 — 10.67 0.85 tr. + 145.5
8 298-307 230 344 1.67 1.36 2.55 2.63 —_ 10.54 0.44 - + 117.2
9 308-320 348 340 1.47 6.75 1.63 0.87 — 10.80 0.81 — — 117.2
10 321-380 2128 351 0.82 ;10.60 0.26 0.24 0.51 7.14 0.31 — — 79.1
11 381-500 987 370 2.68 | 12.87 0.93 0.92 0.97 8.73 0.14 — — 75.8

* The percentage of amino bases were calculated as in Table 1
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BHIEEERS Y B O ¥ BIRIEER 10 Hoe, =¥ BRIEER 11 o E
LUize ZRENOREESOHHFERIZ Table 2,3 IFTRY Th B,

W HE>D TLC & Wako-gel B5 (110°C, 30 43&#/b) 2 Hvy, BREHI PR BECHL T
AFYL-z—FU-BEEE00:10:1) 2, EAIBERIRZuak a-2E s —V-FEEER(25:15:4:2)
2RV, BIEEORBRIEOFEC L OIT o1z, ZDREER S NI EREE SO /2 IR
Table 4 iZ;R7TBY, ¥ ¥ REBIEE Cid Fract.2 KXF v -z A5V, Fract. 31+ 9 7Y &
54F, Fract,4 itA7 82—, Fract.6 KRR T yFON-%Y,-2 &) —NTF7 I R4/
b ==Y UEEDVDWE Y7 » Y, Fract. 7,8 KL F U R Fract, 0 iR 7 4T3 Y%
FEEUMZIRED, T2, N=¥rHEIEE it Fract. 1 k@ {b/AKkEE A5 v ~vx 257, Fract. 2,3
iChY Y5 4F, Fract.4 X5 w~—iv, Fract,b @o-kfe /-9 €5 4K, Fract.7 &
bWETr 7 » Y EMEDLLYF L, Fract. 10 RV VY F U B EBED X7 4 a3 =YV, Fract,
1LIA7 4Tz 2EEVBRABBHINTWAI L EBHL»TH S,

FRAZERESOEDE © FROEEESH, RFa—VxRAFN, FIF VT 4K (R2Fr
D DT Fract. 2,3 ZHEUVTHW), OV 2S5 AFRIE 2V 2S5 A RKTIZZDES, ¥7 7Y
CEATIRTE  ~vEiT kb, 212, 27 40T Y VESTIZ - FOVILEE, 2hoFh 2N-
LY 24 2 —VTHALL, Ry {eiext, 2hFhEEHRBRESE 7y xz0iKk
b AF VLU IZ8E, ¥ R2ua<b 257 4~ (GLC) itk b JGRHERHRR 2 187}, Table 5 OfER2S
1o

LIFVOMURY o f GICHITREMER © ¥ ¥y BIBEL © 7 L B4 Tid 63g(25X94mm),
RGP rEEHY L F UE4S T 48g (18X85mm) D7 v 2 F (Merck, 2 m< b5 7H, 400°C,
2RERIEMEAL) % 5 2 2 FRE, ZhFhy o FrBEIBHL o 72 2.486g RITR= ¥ 7 EEREV ~ F

Table 4. Composition of salmon spleen lipids fractionated by the method of
silicic acid column chromatography

Fract. no, Silver salmon Red salmon
1 Hydrocarbon Hydrocarbon, Sterol ester (mainly)
2 Sterol ester Triglyceride
3 Triglyceride Triglyceride
4 Sterol (mainly) Sterol (mainly)
5 Ph-A, Ph-E, Ph-S, I-L Unknown, Sterol (trace)
Di-, Mono-glyceride
6 Ph-E, Ph-S, I-L Unknown, Ph-A, Ph-S, Ph-E,
I-L, Ph-C (trace)
7 Ph-C (mainly) Ph-§ (mainly), Ph-E (mainly),
I-L, Ph-C (trace)
8 Ph-C (mainly) Ph-S (mainly), Ph-E (mainly),
I-L, Ph-C (trace)
9 Ph-C, Ph-S (Lyso ?), Ph-C, Ph-S, Ph-E
Ph-E (Lyso ?), Sph
10 Sph (mainly), Ph-S (Lyso ?) | Ph-C (mainly), Sph
Ph-E (Lyso ?)
11 — Sph (mainly), Ph-C, Ph-S (Lyso ?)
Ph-E (Lyso ?)
Ph-A: Phosphatidic acid Ph-S: Phosphatidylserine
Ph-E: Phosphatidylethanolamine Ph-C: Phosphatidylcholine
I-L : Inositol lipid Sph : Sphingomyeline
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Table 5. Fatty acid composition of spleen lipids

SE TG MG+DG Ceph Sph
Cn:m
S R S R R S R S R
12:0 tr, tr, 0.7 0.4 0.2 0.6 0.3
? 1.7 0.3 0.3 0.4 0.1
? ' 0.2 0.4 0.6 0.5
14:0 2.8 4.3 4.9 6.2 7.1 2.3 1.0 3.8 5.9
14:1 tr, 0.2 0.8 0.5
15:0 0.6 0.4 0.9 0.8 2.2 0.8 0.4 0.8 1.1
? 0.3 0.2 1.2 0.1
16:0 34.7 13.2 18.6 20.0 23.6 32.0 19.1 38.4 37.5
18:1 5.1 5.9 5.5 14.8 7.7 4.7 6.4 7.3 8.4
16:2 1.8 1.5 2.1 3.3 2.1 2.0 2.2 2.0
16:3, 17:0 0.9 0.6 0.5 1.7 4.8 3.7 2.6 1.4
17:1 1.7 1.3 1.0 1.0 0.6
? 1.1 1.0 0.7 0.3
18:0 10.4 1.8 0.5 2.1 5.3 18.7 21.0 7.2 5.5
18:1 28.1 18.6 16.9 20.9 19.9 17.8 28.3 15.4 24.5
18:2 0.6 1.5 1.5 4.3 8.5 1.8 2.4 2.1 1.8
? 0.4 0.6 0.7
18:3 0.2 0.3 0.7 tr, 1.2 0.4
18:4, 20:0 0.2 0.2 0.3 0.7 tr, 0.4 0.3
20:1 9.0 16.9 16.1 8.1 9.4 6.5 7.1 4.1 2.6
20:2 0.7
20:4 2.4 7.1 1.9 0.3 0.4 0.4 0.5
20:5, 22:1 4.4 13.3 18.2 12.6 8.0 2.5 2.0 3.3 1.2
22:2 8.7 3.5 0.5 2.0 2.5
22:3 0.3
22:4 1.0 8.4
22:5 tr. 2.2 5.0 1.3 1.6 0.9 2.2 1.9
22:6 2.4 1.8 tr, 0.6 1.3
SE : Sterol ester TG : Triglyceride MG : Monoglyceride
DG: Diglyceride Ceph: Cephalin Sph: Spingomyelin
S : Silver salmon R : Red salmon
Table 6. Properties of lecithins
Silver salmon Red salmon
P % 4.38 4.32
N % 1.37 1.35
Choline, 9% 14.36 14.35
Glycerol, 9 10.95 10.88
Aldehyde, 9% 0.14 0.11
Iod. no, 90.2 100.4

T 1.900g @A, 95% &/ —VTEHLU, Table 6 IRTHRREE TS 717Tmg OF - ¥ R
1013mg O ~=F ¥ BEERNL > 7 2B 1.

Wiz Tattrie® DHFEICHEL ZNFNOL & F 2 100mg % 100ml O~ 7 b (peroxide free) iC
YSfE, 1ml © Crotalus adamanteus E (GmM PV o o LEEHRD 0.19% HKiCLIZ 4 D) 2
2, 37°C, 2W:MES, YAMASAZuebitth 50ml O~ 70 CHEMIENRZRNTY 0
kA%~ (1:4) TY TV FL2REM, MFRELC2FVEL, BERECy %,
BrolEiREE 2 FMELT, ZREFN GLC 217V, ZOIEMERMER 2 BRI Table 7 it
THRER 2B
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Table 7. Positional distribution of fatty acids in lecithin

Silver salmon Red salmon
Cn:m
B a B a
14:0 5.1 5.5 1.2 2.8
15:0 0.9 1.2 0.3 0.9
16:0 21.8 67.6 13.1 65.5
16:1 7.2 7.3 3.1 7.5
16:3, 17:0 0.5 1.8 0.3 1.9
18:0 — 3.7 — 5.9
18:1 49.6 10.6 47.8 13.7
18:3, 19:0 tr. tr, — tr,
20:1 4.5 2.3 3.8 1.9
20:4 8.2 —_ 3.4 —
205, 22:1 1.4 — 13.7 —
22:2 1.1 —_ 1.8 —
22:5 tr, — 11.5 —
* ®

FUoFrROR=Fr BT, tvn ~Ih5n o bR OBENEFL IR, ¥ F
T OBBIEE T2 Y > D 49, TEDOK 10%, X=FrDEN T2V > D 10%, ZEXEODHK 13%
BEREINI, ChoDOEER Y A5 AL Y AERTLCEHEEERF ) VBRI OX ¥
MERAEE X 10 E4T, ~=9 7 BRISEI: 11 @A HEHEz. FESOSPERY TLC iKY
BEPU TR, U BBISR T2, £ U T Fract. 1 idf#{bAksE, Fract.2 #XFu—~2X7
W, Fract.3 2+ 92V %5 AF, Fract.4 i1 X5 w~t, Fract.5 2 Y VEER, Y-, x4/
—VTF i R4 7o —v-Y) VREDREY, Fract.6 i3V >-, 22/ 7 v~ R4
7Y b ==Y VHE&, Fract.7.8 v v F o, Fract.9 v o F o RV VBL#EINS 24/ ~
VT EURFEV Y VBRI AT 4 Ti =Yy, Fract, 103X 7 4> T8 2 Y Y RUVPEDY
JRILHEEINGS ) 2o ) 5B, T, RV IYMBOER TR LT Fract. 1 iE X5 n —
NI ZAFN ERBORIEASE, Fract.23 12+ Y2V €54, Fract.4 i3XF v~ Fract.5 iR
FR~VREO-, -5V %5 4R EDEOKERYR, Fract.612) VJ8EM, V-, =47
~WT -, 47V ==Y UIEE, RUBMEBOLV v F U ROKRERYE, Fract. 7,813 %Y -,
X2 ~NT -, R4V b ~-) U RREBLDVEDVVF L, Fract9 kv Fr, =4
PmNT IR RY)-Y BB DRESY, Fract. 10 vy F U EHBRDX I 4Ty,
Fract 11 X7 4TI VROV eua Y ERE Y23 bDEEAONS,

INEDI3L, 5759, LYFLRIIRT 408 2 LESEBECRANEN 2T 276D
S HRUE X F v EFABL GLC T RITE iRz, Table5 RRT LI RFo~V2 X5
NVBRRIETTBIZ X F o D b DTid Cieip & Cysey PELIRIHMRTH 63% 25D THH, TOH,
Cis:or Car1i 3ZELEINTEY, N=2HF¥ 5D OREVEAMERIZL, Ciioo Cisir Caotn BT®
FrHFrD b DRKEBP LD 512 Co:1, BRI Coois BELEFEINTIEY Ciszo RFEL (DL
Vo YIS Y S A FEISIFEFHE LT Cisip, Cis:1, Cis:1, Cwrr R Copis LEWBELEFINT
WA TH 5, Cu:, Cuii SRCEHEMOZHED SN, /-, v-F V€54 FRFY
FrEBLORAEBONLIY IO TZOIEHRBBRERNLUE2h 5 1o, <X=¥rNBEROD
L OESDERIRHERY, 3758 Dit Curo, Cis:p Cisr1, Cisrt KU Capis ThHH, {UOIRKES
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CAHHNS Cas JRIFBBKEBRL T3, w7 720~V -2 2 )~ 7 VR4 7V b =0
YORRRE DB VDWE Y 7 5 U L ESE Csioo Crazo T Cusen 75 & M0 HRRISTHEE TH 7096
ZED T ¥ Fr RIN=¥ 7 BEFEERORHBERATL $ELR TV ¥ro 40T
2 Cis:o BEVDRRKLR=FHIDEDTiE Cisro, Cigr1 MBHe X7 40T 2 VEHOER
BERHERII T & 612 Cis:00 Cigis SEMFEVe O LEREDZ Y vu Y VIEEOBABS 2L T
bRKRDIEETH 3,

RV o7 2IERTHR, ZOBRBLNICBERIRE o filc, 312, VJvevFribhiEsh
N % « PLICEIEL IS DETHE Table 7 KR TEOIRKF U FrBML v F it o fiic
Cis:00 Ci8:1, B fiLi Ci6:00 Cis:1 R ¢ MR RA SN o I BEAMIEHESEELTBH, T
72 Cig:o 12 @ IR DAEFEL, BHIKRERL T3, COFEMIBR=FrEBBLLFoTHEDS
nize

BUBHRELIC Y b 8l % B - 1o A FHM BRI EA R FHE BRI U RMEDHKICEL B
HOBRET 3.
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