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|

Molacular Species Composition of the Major Diacyl
Glycerophospholipids from Muscle, Liver, Retina
and Brain of Cod (Gadus morhuag)

BAV. Bell®* and 4.8, Dlck

NERC Unit of Aquatic Blochemistry, School of Notural Sciences, University of Stiling. Stiiing FK9 4LA. Scofiand

The molecular apecies composition of phosphatidylcholine
{PC}, phosphsatidylethanolamine (PE)-and phosphatidyl-
serine {PS) from white muscle, liver, retina and brain of
cod {Gadus morhua) were determined by bigh-
performance liquid chromatography of the respective
1,2-diacylgiycercl 3.5-dinitrobenzoyl derivativea. A
minimum of 69 discy! species was identified, In muscle
and liver saturated fatty acidipolyunsaturated fatty acd
(PUFA) and monounssturated fatty acid PUFA molecular
specles were predominant, particularly 16:0/20:5 and
16:0/22:8 ip PC, 16:0/22:6 and 18:1/22:6 in PE and 180/22:6
and 18:1/22:6 in PS. Didocosahexaenoyl species were ma-
jor compoaents of PC, PE and PB from retins, compris-
ing 29.3, 718 and 68.7% of the respective toials. D
doconabexaencyl epecies were also abundant in PE and
PS8 trom brain, aceounting for 13.8 and 24.0% of the totals,
respectively. DiIPUFA species were imporiant in muscle,
totalling 21.2% in PC and 38.3% in PE. PC from afl
tissues bad the largest amounts of spedes containing
only salurated or monounsaturated fatty acids, ac-
counting for §3.8% of PC from brain, inclading 12.8% of
18:1/24:1 plus 24:1/18:1,

Lipids 26, 5656-573 (1981),

The main structural glycerophosholipids from vertebrate
neural tissue contain lerge amounts of docosahaxsencic
acid (DHA; 22:60-3). Polyuneaturated fatty acids (PUFA}
are very tenaciously retained by neural tissue (1), and two
or three generations of dietary deprivation are required
to reduce significantly tbe n-3 PUFA content of braio in
rat (2} and brain and retina of rhesus monksys (3). Deple-
tion of n-3 PUFA in brain and retins reaults in reduced
visual and cognitive abilities in rhesus monkeys (4},
However, the precise role of 22:60-3 in neursl tissue is
unknown.

Early atteropts to saparate phospholipids from bovine
rod outer segments (ROS) according to the degree of un-
seturation by adsorption thin-layer chromatography
(TLC) {5}, and later by argentation TLC {6), showed the
presence of fractions containing more than six double
bonds per malecule. Positionsl analyses of the fatty acids
in PC and PE from frog ROS showed 22:6n-3 to be on both
the sn-1 and sn-2 positions of the glyceride and it was
deduced that diPUFA species were present (7). The

¥To whom corraspondence should be addrassed.

Abbreviations BHT. butylated hydroxytoluene; GLC, gas-liquid
chromatography; HPLC, high-performance liquid chromatography:
HPTLL, high-performancs thin-layer chromstography, MUFA, mo
nounsaturated faily acid: PC, phosphatidylcholine: PE,
phosphatidylethanolamine: Pl, phosphatidylinositel: PS,
phosphatidylsarine; PUFA. polyunsaturated falty scid; ROS, rod
outer segment: SFA, saturstad fatty acld: TLC, thinlayer
chromatography; VLOPUFA, very long chain PUFA. Molecular
spacies are abbreviated ae followe: e.g. 16:0/32:6 PC is
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development of methods for analyzing the molecular
species composition of glycerophoaphalipids by high-
performance liquid chromatography (HPLC) directly {8)
or by preparing derivatives {9-12}, or by gaa-liquid
chroma hy (GLC) of volatile derivatives {13} has
revealed the tully complexity of the lipid components of
membrane structures, and theaee techniques have now been
applied to many systems. The pressnce of diPUFA
molecular species in frog retina was confirmed by direct
analyais (14}, while analyses of glycerophospholipids from
the brain end retina of trout showed large amounts of
di22:6n-3 species, especially in phosphatidyicholine (PC),
phasphatidylethanolamine {PE} and phosphatidylserine
{PS) from retina and ia PE and P3 from brain {15). Small
amounts of diPUFA species also have been found in non-
neural tissues including rat erythrocyte {11}, rat teates (16],
fieh muscle (9} and cod roe {17). Marine fish are particu-
lerly rieh in n-§ PUFA (18}, and this papsr presents
molecular species analyses of PC. FE and PS8 of four
tissues of cod (Gadus morkua). The results from two
neural tissues, brain and retina, are compared with those
from liver and muscla

MATERIALS AND METHODS

Cod (Gadus morhug) {300-800 g weight) were obtained
from the Marine Station (Millport on the Firth of Clyde,
Scotland), maintained in a seawster aquarium st 10-14°C
on a diet of chopped equid and used within two weaks of
capture. Fish were killed by decapitation, and the eyes,
liver and fillst of muscle removed and frozen at —70°C
until required. Brains were removed and used immediately.

Phospholipase C from Baeillus cereus was obtained
from Boehringer Corporation (London) Lid {(Lewes, East
Sussex, England), Butylated hydroxytoluene (BHT) was
from Sigme Chemical Ca (Poole, Dorset, England). 3,6-
Dinitrobenzoylchloride was from Aldrich Chemical Co.
{Gillingham, Dorset, England} snd was recrystallized
from carhon tetrachloride before usa Standard lipids were
obtained from Sigma and from Nu-Chek Prep (Elysian,
MN), as detailed in (16). TLC and high-parformeance thin-
isyer chmmgupg (HPTLC) plates wers coated with
silica gel 60 (Merck, Darmstadt, Germany). Analar grade
glarial acetic acid, carbon tetrachloride, propan-2-ol and
pyridine were purchased from BDH Ltd (Poole, Dorset,
Enﬂmd).&ﬂnthum!mafﬂf'm grada were from
Rathburn Chamicals (Walkerburn, Peeblesshire, Scotland).

Ultrasphers ODS and Ultrasphere octyl HPLC columns
{26 X 0.46 cm, B micron particle size} were obtained from
Altex/Beckman (Beckman lnstruments UK. Ltd., High
Wyeombe, Bucks, England).

Exrraction and purification of liptds. All solvents, apart
from those uesd for TLC and HPLC, contained 0.01% (wiv}
BHT Samples were stored at —20°C under nitrogen be-
twean preparative procedures. - )
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moved and the remaining tissue (8.3 g} homogenized in
10 volumes of chloroform/methanol (2:1, vV} using &
Polytron tissue disrupter. The retinas from 40 frozen cod
eyes (5.7 g tissue} and 20 chopped frazen livers (B8 g) were
each homogenized in 10 volumes of chloroform/methanol
{2:1, viv}, and finely shipped frozen muscle fillets (211 g}
from 20 fish were homogoenized in 5 volumes of solvent.
After homogenization total lipid was extracted by the
method of Folch et al (19}

Neutral lipid was first removed from the brain and liver
extracts by preparative TLC in hexane/diethyl stherfacetic
acid (70:36:1, wviv}). Phospholipids were eluted from the
origin with chloroforma/methanol/water (5:5:1, viviv), dried
by rotary evaporation under vacuwm at 36°C and finally
under a stream of nitrogen. Phosphalipid classes were
separated by TLC in chloroform/methanoliwater/tri-
ethylamine {30:35:6:35, by vol} (20} end the lipids detected
pnder UV light efter spraying with 0.1% (w/v)
2',7'-dichlorofluorescein in methenol contuining 0.01%
{w/v} BHT. Phospholipids were eluted from the silica gel
with three 40-mL washes of chloroform/methancoliwater
{5:5:1, viviv} and dried as before. 2',7"-Dichloroftuarescain
was removed from lipids by extraction with a solution of
2% (wiv) KHCO,. PC and PS were further purified by
TLC in chlaroformiacetone/methanoliacetic acidiweter
(10:4:2:2:1, by vol} {21), and delected and extracted ag
befora All phospholipids were finally checked for purity
by HPTLC in methyl acetate/propan-2-olichloroform/
methanol/0.25% (wivy KCl (25:25:26:10:8, by weol} (22}
Lipids ware detected by spraying with 3% {(w/v] copper
acetata in 8% (viv} phosphoric acid and charring at 160°C
for 15 min,

Fatty acid roethyl esters were prepared by esterification
in 2 mL of 1% {viv) concentrated eulfurie ecid in methanol
at 50°C for 16 hr under nitrogen. The fatty acid composi-
tion of the phospholipids was determined by GLC of fat-
ty acid methyl esters in a Packard 436 chromatograph fit-
ted with a CP Wax 62CB fused silica capillary column (6O
m X 032 mm id) (Chrompack UK. Ltd, London
England) (23), and with & CP SO5CB fused silica capillary
column (60 X 0.34 mm id} (Chrompack) {24}, using
hydrogen as carrier gas,

Freparation of 3 5-dinitrobeneoyl derivatives. One-mg
portions of phosphelipid were hydrolyzed with
phospholipase C using a two phase system of 1 mL diethyl
ether and 1 mL 0.1M sodium borate buffer, pH 7.5, at
room temperature under nitrogen for 6 hr (25). At theend
of the incubations 1,2-diacylglycerols were extracted and
purified by TLC in hexaneidiethyl etherfacetic acid
{60:50:1, wviviv} {17} l-Alkenyl-2-acylglycerols apnd
l-alkyl-2-acylglycerols were separated at this stage
Amounts of phospholipid remaining after phospholipase
C digestion were lees than 3% of the starting material
m‘.%. s were derivatized in dry pyridice with
8,8dinitrobenzoyl chioride at 6U*C for 45 min under
nitrogen, extracted and washed as described by Takamura
et al (12). The purity of the product was checked by
HPTLL in hexane/diethy! etherfacetic acid (70:30:1, viviv),

Separation of molecular species. The 1,2-diacyl-3-dini-
trobenzoyl-sa-glycerols were separatd by HPLC at
18-21°C on reverse phase columns using & Pye Unicam
4010 pump (Pye Unicam Lid, Cambridge, England} and

thres isocratic solvent systems An QDS column was
snaad with smathamalbmenna=. 5 sl (GE.E el flows rabta 10
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mlJmin; and acetonitrilepropan-2-ol (80:20, viv), flow rate
1.0 mblimin {12 & CB column was used with
methanoliwaterfacetonitrile {(93:5:2, wviv), flow rate 1.2
ml/min {17). Peaks were detected at 254 run with a Pye
Unicam 4020 dstector and quantified using & Shimadzu
C-R6A recording integrator (Anachem, Luton, England).

Peaks were identified from plots of log;, (relative reten-
tion time, RRT) vs. the efiective carbon number on the
sn-l position of the glyceride as deacribed by Patton et
el (8) and Takamure et ol {12) vsing 16:0/22:6 as a
reference peak. Didocosahexsenoviglycerol (Nu-Chek Prep)
wap also available for direct comparison of relention times.
The main 0-3 PUFA-containing molecular species were
identified directly by GLC of the fatty acid methyl esters
{17), while 18:1/20:1 plus 20:1/18:1 and 18:1/24:1 plue
24:1/18:1 had previously bean synthesized {15), Each samr
ple wae chromatographed three times in each of the sol-
vent systems and the standard deviations calculated.
Where final peak areas were calculated by subtraction, the
standard deviations of the centributing peaks were
added to give the final error. Results are given to one
decimal place for clarity, The log;, (RRT X 10) of all the
molecular species in each solvent systemn are given in the

appandix.

RESULTS

In muscle SFA/PUFA epecios were the most abundant
class, comprising over 0% of PC and PS with almoat
equs] amounts of 168:0/20:5 and 16:0/22:6 in PC and mainly
18:0/22:6 in PS (Table 1). The most abundant
MUFA/PUFA apecies in each class and & major compo-
nent of PE and PS was 18:1/22:6. DiPUFA apecies were
slse ahundant in PC (21.2%}) and PE (38.3%),
predominantly 22:6/20:6 plus 20:5/22:6 in PC and 22:6/22:8
in PE. Another nine diPUFA species were found Only
small amounts of species containing only saturated and
monounsaturated fatty acids were present of which
16:0/18:1 was the most abundant comprising 6.4% of PC.

The molecular epecies composition of PC, PE and PS
from liver was broadly similar to that of muscle {(Table 2),
SFA/PUFA wers the most abundant gpecies in PC and PS,
and MUFA/PUFA species in PE., In all three
glycerophospholipids 16:0/22:6 was a major species com-
prising a quarter of the PC, and 18:1/22:6 was abundant
in PE and PS. In P§ 18:0/22:6 was a major species hut
was much less abundant than in PS5 from muscle; 18:1/22:6
and 18:0/22:6 were equally abundant in PS from liver. In
PS from liver 20:1/22:6 was also & major species (Table
2). Ifeddition, liver contained up to nine diPUFA species
;etahng 13.1% in PE with 22:8-¢onmin.£ng species domi-
nant. Species conteining only saturated and monoun-
saturated fatty acids were again of minor importance with

18:0¢18:1 comprising 6.4% of PC.
Diges were mogt abundant in PC, PE and PS

from retina accounting for 28.3, 71.8 and 53.7%, respec-
tively (Table 3). Other iPUFA species wure of minor im-
portance. In PC, 16:0/22:6, 16:0/18:1 and 18:0/22:6 were
the only other species present at greater than 5.1%. Two
unknown species totaling 9.2% were also present in PC
and were probably very long chain PUFA-containing spe-
cies (26). In PE, 16:0/22:6, 18:1/22:6 and 18:0/22:6 at 5-6%

were tha only other species present at more than 2%, whils
in PR I1&0/22:6 was aenin ahundant fThhle 98 Caaaion e,
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MOLECULAR 8PECIES OF COD GLYCEROPHOSPHOLIPIDS

TABLE 1

Molecular Species Componitions of Phosphatidyicholine, Phosphotidylothunclamise and

Phosphatidylserine from Cod Muscle®

Species PCimol %} PE(mol®i PBimol %}
diPUFA
20:520:5; (18:4/22:6) 24 % 0.2 1.4 £ 00 b
20:5/22:8 83+ 00 2.5 %03 1.1 0.
226226 8.4 % 0.6 19.8 % 1,1 50 £ 0.6
20:5022:5; 20:4/22:6 0.9+ 0.1 32 % 0.1 tre
20:5/22:6 1.8+ 00 36 * 0.1 1.8+ 0.0
22:822:5 22:4122.8 1.1 ®0] 0B =040 20+ 08
Total 21.2 383 0.2
SFA/PUFA
146226 16 £ 0.0 0.7 £00 -
160205 18.2 + 0.8 480l 09 %00
1860226 217 £ 02 1386 %01 2+ 01
1802204 47 £ 401 i18+0o0 i0+080
80228 1.5 81 1.1 £ 01 —_
164¥18-2 1.3+ 00 85 £ 00 —
18062045 L2+ 01 25 % 0.0 50 %01
1R0298 [1R-35 L1 8 67 £ 0,1 372 23
18:0/20:4 0.6 % 00 0.7 £ 0.4 2.3 % 0.0
180225 tr 08 % 0.0 4.8 % 0.1
Total 54.3 33.6 316
MUFA/PUFA
18: 1805 3.5 £ 01 64 £ 6.1 0.8 £ 00
181226 40+ 0.l 124 %03 109+ 10
181804 L6+ 02 1.8 £ 07 28 % 0.1
18:1/22:68 1.6 % 0.2 1.8 % 0.4 3401
1817284 — 1.1 £ 60 1.5 £ 0.2
B 1228 0.2 x01 1.8 £ 0.2 3201
Tokal 143 28.8 28,8
SFAMUFA
16:0/16:1 6.4 % 0.1 04x01 0.7 % 0.
18:0118:1; {16:0/20:1) 0.5 % 0.1 0.1 + 0.1 17+ 0.1
Total 1.8 0.7 33
MUFAMUFA
Iaiiini I.l £ 01 s -
IRI&E (18:1/20:1) 08 = 0.2 0.5 £ 00 22200
Total 2.3 0.6 3.1
Very long chain
Total 0.4 o 0.7

28pecies in italics have defined sr-1 and sn-2 fatly acid distributions, otherwise it was
essumed that the most sstursted fatty acid wes on the sa-1 position, Only one {atty
acid combination is given for thoso species with two equally lkely positional isomers,
Bracketad species are minot camponents based on fatty scid composition dets. The
errors are given 8s * 1 standard devistion rounded to the nearast decimal place (see
toxt). The following molecular species were also detected at <0.9% in at lesst one of the
glycerophospholipids: 18:4/20:6, 22:4/20:5, 40206, 140224 180784, 160224, 180182,
18:0/22-4, 16:1720:5 168:1/226, 16:1/22:5 20:120:5, 20: 172004 20:1/22:6, 20 i22:4, 16:0/14:0,
14:0/16:1, 18:0/20:1, 16:1/18:1, 18:1/20:1, 24:1720:5 24:1/22:6 18:1/24:1.

&, Not detacted.
Cir, <0.1%.

prising only SFA and MUFA totalled just 2.1% and 5.9%,
respectively, in PE and PS from retina,

PC from cod brain showed the most complex compoai-
tion of any of the glycerophaspholipids examined; a
minimum of 54 species were found, including seven
unknewns which totalled 6.6% (Table 4). At least 10
species containing 24:0. 24:1 and 26:1 fattv acids total-
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ling 16.9% were found, the most important of which was
24:1/18:1 plus 18:1/24:1 (12.8%). These species containing
very long chain fatty acids were found only as trace com
ponents of PE and as less than 1% of PS PC from brain
also contained 42.9% of species containing SFA or MUFA
of which 16:0/18:1 (16.9%} and 18:0/18:1 (9.5%} were the
most imnortant The anly other maior snecies present was
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TABLE 2

Molecular Bpecies Compositions of Phospbatidylcholine, Phosphstidylsthavolamins sad
Phosphatidylsevive from Cod Liver®

Spacies PCimol%) PEimol%} PSimal®)
diFUFA
20:5/22:6 2.2 x .1 3.7 % 0.1 1.2 £ 01
2267226 1.9 0.2 40 £ 05 1.8 % 0.1
20:4/22:6; 20:6/22:5 2.0 £ 0.0 2.1 & 0.1 01 %00
RESALE; 2R:4/22:6 -b 15 % 0.1 0.8 % 0.1
Total 6.6 138 4.0
SPA/PUFA
14:0/22:6 2.0 % 0.0 0.6 x 0.0 0.4 £ 0.0
1400225 1.0 % 0.1 0.4 £ 00 -
[80/20:5 158 £ 1.0 75 % 0.4 88 £01
16:0226 26203 186 * 0.8 135 £ 08
1604904 38 00 0.1 £ 00 1.5 x 0.1
16:0/22:5 2.1 £ 00 3.0 + 0.0 1.8 %01
16:0/18:2 1.2 £ 0.0 f4x01 0.4 £ 0.1
180/20:5 1.6 £ 0.0 47 £ 05 1.0 % 01
180224 1.6 £ 03 8 £ 0.1 21,7 £ 0.3
18:0520:4 1.0 %01 1.5 & 0.1 2.1 % 03
180225 wh 0.3 £ 0.1 2.0 £ 0.1
180224 0.1 % 0.0 0.4 + 00 1.3 05
Tatal 81.7 $9.3 1.2
MUFA/PUFA
16:1908 1.8 x 00 06 x 0.1 w
16:1226 33 %00 0.7 %02 -
16:1/20c4 1.6 % 01 0.8 x 0.0 -
eL22:5 1.8+ 00 2.1 £ 00 -
18:1220:8 55 %01 87218 0.9 0.0
180224 59+ 0.1 24.5 £ 0.1 220 1.8
18:1/20:4 26+ 01 09 % 01 1901
RIS 0.7+ 0.1 48 + 0.1 3.8 0.1
2AIAXS 09 % 0.1 0.0 + 0.3 1.8 & 0.1
2011226 0.8 £ 0.0 47 £ 038 10.8 & 0.5
20:1/20:4 te 0.5 01 1.8+ 0.1
Total 28.1 458 44.4
SFA/SFA
Total 08 0.0 0.4
SFAMUFA
18:0/18:1 84 %01 0.2 % 0.0 -
Total 1.4 0.1 1.4
HMUFA/MUFA
18:1/18:1 06+ 01 08 = 0.0 2.5 % 0.4
I8 1/18:1; {18:1/20:1) 1.3 0.0 0.2 % 00 -
Total 23 08 2.9
Very long chain
Total - 0.2 0.3

2Species in italice have dofined sn-1 and sn-2 fatty lﬂddmk&um o&hﬂ'i&t it was
assumed that the most saturated fatty acid was on the sa-} position. Only one fatty

rors are given & 2 | standard deviation roundsd to the nearest decimal place (soe text).
Ths follawing meleculer specise wers also detacted % in at least one of the
giyearophosphalipide: 306508 22:5/234, $8:4720:4, I40E0S 140824 10084 I60PRA
18WIR2 18:-1/182, 18:1/22:€, 20:1/22:5 20:1/22+4 14:0/16:0, I6:0160, 14:016:1, 18:0/18:1
+ (16:0/20:1), 16:216:1, 18:1120:), 20:1/20:1, 24:1/22:6, 18:1/24:1.

b, Not detected,

Eer, <0.1%.
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TABLE 3

Molecular Species Componitions of Fhosphatidylehollne, Phosphatidylsthanolamine and
Phasphatidylserine from Cod Retios®

Bpeties PClmol %) PEtmol %} PS{mol%)
diPUFA
20:6/22:6 0.7 £ 0.1 17 £ 0.1 0.4 + 0.0
226226 29.3 + 0.8 718 % 1.7 59.7 + 1.4
22:6/22:6 0.2 x 0.0 1.0 £ 0.1 0.4 = 0.0
Total 30.2 74.6 €0.5
SFAIPUFA
602005 28 * 0.5 0.7 x 0.1 6.1 * 0.0
I6OR2E 28.3 £ 0.1 89 x 0.2 1.7+ 0.1
16:0/20:4 17 £03 0.6 £ 0.0 0.4 * 0.0
180/20:6 03 & 0.1 0.8 : 0.0 19 % 0.5
180226 8.1+ 1.1 50 £ 0.1 16.2 £ 0.1
180204 0.5 £ 0.0 1.0 % 0.0 16 % 0.5
Total 365 14.4 12.2
MUFA/PUFA
18:1/20:5 0.6 £ 0.1 1.2 £ 0.4 0.4 + 0.1
181226 L7 %= 05 58 * 0.0 58 + 0.4
20:1/20:4 02 0.0 —b 1.7 + 0.7
Totel 4.1 9.0 11.3
SFAJSFA
Total 0.7 1743 05
SFA/MUFA
16:0/18:1 13.4 + 0.1 031 £ 00 03 +00
18:0/18:1; {16:0/20:1) 1.9 0.1 0.5 £ 0.0 16 + 0.2
Tatal 15.8 0.8 2.3
MUFA/MUFA
18:1718:4; (16:1/20:1} 13+ 0.1 0.6 £ 0.0 25 £ 0.1
Total 2.8 1.3 8.1
Unknowns
Ul 5.1 £ 02 e e
Uz 41 % 0.1 - -

G83pecies in italics have defined sn-1 and sa-2 fatty acld distgibutions, otherwise it was
assumed thak the most saturated fatty ackd was on the sn-1 pogition. Only ona fatty
acid combination is given for those species with two equally likely positional isomers.
Bracketed species are minar components based on fatty acid composition data. The
errorg are given as £ 1 standard devistion rounded to the neerest decimal place {ses
text). The following molecular apecles were also detacted a8 <0.8% In at leaat one of
the glycsrophospholipids: 20:620:8 22:5/23:6, 22:522:8, 1“1?22'6, 160225 180225

18:1/30:4,
181/22:5 20:1/22:6, 20:12Z5 14.0/18:0, 16:0/18:0, 18:0/18:1, 16:1/18:1, 18:1/20:1, 20: /201,

18:1/24:1.
&, Not detected
Cer, «<0.1%,

almilsr in

560

are present in very small amounts {<0.5%) were not always

gomposition to thoss fram muscla Uver and retina. D226
was abundant in both classes, especially PS (24.0%), while
16:0/22:6, 18:1/22:6 and 18:0/22:6 were the other major
species in PE, and 18:0/22:6 and 18:1/22:6 in PS,

DISCUSSION

The method used here is capable of resolving most of the
molecular species present in glycemphnsphohpxds fmrn

Bl 4fcesnn EFraecimrme e 8 Fefae o Boxa - ®
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detectsd, e g, 16:40-3 and 18:30-3. [somers of unsaturated
fatty scids are not separated, ¢ g., n-7 and n-3 MUFA or
n-3 and o-6 PUFA, Analysils by GLC showed that 22:5 was
the n-3 isomar, 22:4 ths n-6 isomer and 20:4 predominantly
the n-6 lsomer; 20:4n-38 was e very minor componant in
most samples, The chromatogrephic systams could not
separate diPUFA species containing different fatty acids
but the same total carbon number and double bonds. Very
long chain fatty wdmntanung spocies were alsg difficult

P, S I A e R o BEaBo..
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