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                   GENERAL rNTRODUCT!ON

     Analytical techniques or instruments have been developed

for fatty acid analysis. Resultingly, many knowledge has

been achieved on the study of fatty aeid snalysis.

     In contrast to this, the study of molecular species,
                                     'namely, the study of the intact or unmodified lipid is still

away behind of development. This might be due to the limited

and time consuming conventional techniques represented by

silver nitrate impregnated thin layer chromatography (Ag+

-TLC) followed by gas liquid chromatographic analysis (GLC),

(••such exsmples are too numerous to mention ). Generally

speeking, Ag+ -TLC can separate only up to heptaene. And GLC

can analyze qu'antitatively only up to 700•v800 molecular

weight. If the sample contains highly unsaturated fatty acids

such as 20:4, 20:5 or 22:6, the degree of unsaturation will

drastically increase and exceeds the analytical limit of the

Ag"-TLC.

     Fats and oils from marine sources are rich in highly

unsaturated fatty acidsi Accordingly, it is almost impossible

to analyze the molecular species from these sources by the
                  1)
conventional method.
                                               '                                '     High performance liquid chromatograph has become the

most expected instrument in separating the nonvolatile or

high molecular weight compound. Since there are significant

amount of triglycerides in marine lipid that exceed the
                                                   'molecular weight of 800 which is the limit of GLC, the

utilization of high performance liquid chromatography (HPLC)

is expected to separate the molecular species of lipids from
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these sources. The reversed-phase type HpLc2"V4)is becoming the

main analytical type in separating the most analogous
compounds?) The earlier workers in this field tried to

characterize the chromatographic rules such ss partition
                                              8)           6,7)              or effective carbon number (EC)                                               which arenumber (PN)

defined as PN=CN--2•DB and EC=CN-DB, respectively, in the

elution of trigiyceride or lecithin molecular species. CN is

the total acyl carbon number and DB is the total double bonds

in the molecule. This empirical equatÅ}ons were useful in

predicting the approximate retention value ( in practical

cases, retention time or retention volume ) though these

equations lacked the theoritical background. In the same
                    9,10)
year, Plattner et al. has proposed equivalent carbon number

(ECN) which is' the same concept with PN. And recently, in

accordance with the improvement of separation on HPLC,

theoritical carbon number (TCN) has been proposed by Perkins
     11)         rn 1982, the generalized form of ECN (or PN) and ECet al.
                                   12)has been presented by Compton et al.                                      that can be written as

Iu=Is-CDb, where !s is the carbon number of the standard

alkane, Db is the total double bonds in the molecule and Iu

is the index observed for unsaturated triglyceride and

phospholipid molecular species by the coefficient of C.

     In this study, the forrnulae that control the sequence of

elution of lipid molecular species on reversed-phase HPLC

are proposed. The theoritical aspect of the presented

formulae has been discussed in relation to ECN (or PN). And

it is demonstrated that the formulae proposed in this study

might be invariant rules.

     Lecithin (phosphatidylcholine) were analyzed by HPLC
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from various sources including those from fish muscle. Though

there are some reports concerning the phospholipid molecular
                                          13i-2O)                                          t . the studyspecies analysis by HPLC from land sources

done by the author might be the only example that have worked
                                 'on the phospholipid molecular species enalysis on HPLC from

fish lipid except the conventional way of analysis based on

the probability simulation done by Oshima et al. ,
 '
     rn chapter r, it is demonstrated that the modification

of lecithin into diglyceride acetate via diglyceride is
   '
necessary for the reversed-phase type HPLC analysis in order

to have a sufficient separation between the critical pairs

that have the same ECN, PN or EC. And a new matrix model is

proposed instead of the ECN, PN or EC concept.

     rn chapter rl, the proposed matrix model that exhibits

the chromatographic rules of diacyl type molecular species is

developed into the rules for triacyl type molecular species

such as triglycerides. And the physicochemical background, as

well as the theoritical relationship between the ECN (or PN)

and the new matrix model, is demonstrated.

     Xn chapter :rr, the lipid molecular species
                       'identification software.is destgnated for the personal

computer. The accumuiated data were fully utilized for the

actual identification since the equation that regulates the

sequence of molecular species inevitably contains errors due

to the deviation of relative retention time (RRT) on HPLC.

     In chapter !V, characteristics of several kinds of fish
                                                       'including cartilaginous fish, as well as fresh water fish,

are discussed from the view point of muscle lecithin.
   '     Zn the final chapter, summary and conclusion of this
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work •is described with a few supplemental discussion.
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                         CHAPTER r

       :DENTIFrCATION OF LECrTHIN MOLECULAR SPECIES ON

           REVERSED-PHASE HIGH PERFORMANCE LIQU!D

                       CHROMATOGRAPHY

           A New Concept that Helps the Molecular

                    Species Determination

     A satisfactory separation of lecithin molecular species

from natntal sourees including those from marine sources was

msde by modifying the lecithin into diglyceride acetate for

                                  'HPLC analysis.

     Tn this chapter, the neeessity of modificstion of

lecithin into diglyceride acetate through the hydrolysis by

phospholipase C and the subsequent acetylation by acetic

anhydride are discussed. And also the discovery of a new

empirical equation instead of the former ECN or PN for the
 '

identification of molecular species of lecithin is discussed.

     Section 1. ExperÅ}mental

     :P!l!.s22A.!:AS2,gg-g21-Lgg!,!ib2,!!ti fLthi

     Total lipids were obtained from the fish muscle

tabulated in Table r-1, according to the method of Bligh &

Dyer. Soybean lecithin was purchased from Wako Pure Chemical

rndustries, Ltd., Osaka, and egg yolk lecithin was kindly

supplied by Asahi Chemical Industry Ltd., Tokyo. These total

lipid and crude lecithin were subjected to a column

chromatography which has been successfully done by Lands et
al.2 ,6) namely, aliquot amount of total lipid was dissolved
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into double volume of diethyl ether/ethanol ( 9:1, v/v ) and

then applied to the silica gel column. And elutions were done

through diethyl etherlethanol ( 9:1, v/v ), diethyl ether/

ethanol ( 1:1, vlv ), ethanollrnethano.1 ( 9:1, v!v ) and

finally by 100Z methanol. The 100Z methanol fraction was

collected with a fraction collecter, monitored by TLC, and

lecithin of more than 95Z purity was collected.

     Purification of Di 1 ceride Acetate from Lecithin

     Pure lecithin was hydrolyzed with phospholipase C

( Clostridium perfringence, P-•L Biochernical :nc.,
Milwaukii ), according to the method of Renkonei.7) :t was

done in the following manner. First, 50 to 100 mg of lecithin

was dissolved in 10 to 15 ml of diethyl ether. Then, 10 to

IS ml of 1 molar Tris buffer (pH 7.3) including calcium

chloride with 5 mg of phospholipase C was added to the ether

solution. The head space gas of the container was filled with

nitrogen gas and the hydrolysis of lecithin was continued

for four hours under room temperature. The hydrolysate was

washed several times with water and diglyceride was purified

by s preparative TLC from this hydrolysate. The developing

solvent was n-hexane/diethyl ether ( 1:1, v/v ).

     Acetylation was performed by adding an appropriate

amount of acetic anhydride to the solution of diglyceride in

pyridine, and by standing it for 12 hours at room
temperature28.)The resulting diglyceride acetates were purified

by the method of preparative TLC by using the solvent

n--hexane ldiethyl ether ( 75:25, v/v ). Finally, they were

filtered through a O.457eLtype FP-45 Fluoropore filter

( Sumitomo Electric !ndustry, Ltd., Osaka ) and subjected to

7
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HPLC.

HPLC Fractionation of the Molecular S ecies of

Diglyceride Acetate Derived from Lecithin

     The diglyceride acetates were fractionated into major
   '
molecular species on twin 8x2SO mm LiChrosorb RP-18 ( Merck,

West Germany ) co:umns which vere connected in series. A

Hitachi Liquid Chromatograph Model 638--50 ( Hitachi Ltd.,

Tokyo ) equipped with a Shodex R: detector Model SE-11

( Showa Denko Ltd., Tokyo ) was used. The eluting solvent

used was isopropanol!acetone/methsnollacetonitrile ( 1:1:3:4,

v/v ). Diglyceride acetates were dissolved into five volumes

of tetrahydrofuran, and 25/tLl of these solutions were

applied to the column under room temperature ( lower the

better ) and qt a fiew rate of 1.5 ml!min.

     Identification of Molecular S ecies of Each Peak

     on HPLC     .
     Peaks on HPLC chromatograms were numbered in sequence of

elution. The fatty acid composition of each collected

predominant peak was analyzed by gas chromatography. The

analytical conditions for fatty acids were as follows:

     Gas chromatograph: Hitachi 063, Column: Unisole 3000

( Gasukuro K6gy6 Ltd., Tokyo ), Glass column O.2x200 cm,

Column temp.: 220eC, Detector: F:D, Detector temp.: 250"C,

Xnjeetion temp.: 280"C, Cerrier gas: Ns, Flew rate: 20 ml

     Methyl esters of fatty acids were prepared according to

the method of Christopher and Glass described by Prevot and
Mofdret2.9) An aiiquot amount ( less than 2o mg ) of lipid was

dissolved in 1 ml n-hexane and O.2 ml of methanolic 2N--NaOH



                                                            9

solution was added. After shaking this mixture, it was stand

for 20 seconds under 500C and then O.2 ml of methanolic
        '2N-•HCI solution was added. The n-hexane layer was collected

and then concentrated. Methyl esters prepared as described

above were subjected to a GLC.

     The small peaks which have critical pairs were first
      'subjected to Ag"-TLC. The developing solvent used was
                                  30)benzene1diethyl ether ( 4:1, v/v ).                                     The band obtained by Ag'

-TLC were then eluted with diethyl ether containing

dotriacontane 'which was used as •an internal standard, and

then applied to fatty scid anslysis and total acyl carbon

number analysis. The analytical conditions for total acyl

csrbon number analysis were as follows:

     Gas chromatograph: Hitachi 063, Column: OV-101

( Gasukuro K6gy6 Ltd., Tokyo ), Steel column O.3x50 cm,

Column temp.: 300.v330eC, programed as 1"C/min, Detector: F:D,

Detector temp.: 340eC, :njection temp.: 345'C, Carrier gas:
                                                   'Na, Flow rate: 60 ml/min.

     H drol sis of Di 1 ceride Acetate Derived from Lecithin
     2bz-tea.g!:.gg!i.iLsi-b!:l.2A.E9P tiLi

     Fraction of the molecular species of

and 22:6 in position 2, that is, (16:O)(22

by HPLC. This lipid ( less than 5 mg ) was

shaking vigorously in a mixture of 1 rnolar

pH 8 (lml), 2.2Z calcium chloride (O.1 ml)

taurochorate (O.25.ml) at,40eC for 1 min.

pancreatic lipase ( Calbiochem, San Diego,

added to the mixture and the reaction was

min at 40eC by shaking it vigorously. The

16:O in position 1

:6) was collected

 then suspended by

 Tris-HCI buffer,

, and O.05Z sodium

Then, 40 mg of

 Calif. 92112 ) was

processed for 4

reaction was
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stopped by adding 1 ml of ethanol and 1 ml of

hydrolysate was extract•ed with diethyl ether

using a preparative TLC with n-hexane/diethyl

acid ( 40:10:1, v/v ) as developing solvent.

were the modified form of the experiment done
a13.1)

 6N-HCI. The

and purified by

 ether/formic

These procedures

 by Kosugi et
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Section 2. Results

     Figure r-1 shows the comparison of separation on HPLC by

the differences in the molecular form which has the same

acyl combination. Examples here are of soybean lecithin:
                                      'A : Intact lecithin,

     Developing solvent: methanol/water ( 95:S, vlv )

       methanol 100, gradient, UV detector.

B : 1,2-Diglyceride i.e. the hydrelysate of lecithin,

     Developing solvent: methanollwater ( 9S:S, v/v )

       methanol 100, gradient, UV detector.

C : 1,2-Diglyceride acetate derived from lecithin,

     Developing solvent: methanol/water ( 97:3, v!v )

       methanol 100, gradient, UV detector.

D : 1,2-Diglyceride acetate derived from lecithin,

     Developing solvent: isopropanollacetone/methanoll

       acetonitrile ( 1:1:3:4, v/v ), R: detector.

     As it is clear from this figure, the acetate form is the

best in separation on HPLC followed by diglyceride. The

intact lecithin is the worst among these three. It is

considered that the very high polarity of phosphorylchorine

group interferes with the interactions between the acyl

groups and the stationary phase of HPLC. Although the

polarity of hydroxy group is not so high as those of

phosphorylcholine, this group also interferes with the

interactions between the acyl groups and the stationary

phase, resulting on the poor separation on HPLC as shown in

chromatograms A and B. The combination of four solvent$ are

better than that of two solvents for the elution of
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   I: Molecular species composed of highly unsaturated fatty acids
      such as (20:5)(20:5), (20:5)(22:6) and (22:6)(22:6).

 !II: Molecular species composed of generally found fatty acids
      such as 16:O or 18:1 with combinations of 20:5 or 22:6,
      that is,, (16:O)(20:5), (16:O)(22:6), (18:1)(20:5) and (18:1)(22:6).

Il & TV: Others.

Fig. r-4.  HPLC chromatograms of
C: Captured in summer.

chum
  D:

salmon muscle lecithin.
Captured in fall.
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Tab1e Z-2
of

. Determination
major eomponent*

of molecular     .speczes

Peaknumber
Fattyacid 5 6 7

15:O trace
16:O 25.6 48.4 53.8
17:O trace
18,1 25.9 4.1 trace
20:4 trace
20:5 23.3 3.7 trace
22:4 trace
22:6 25.1 43.8 46.2

18:1
Molecular 20:5 22:6 16:O

species 22:6 l6:O 22:6
16:O

* Example of big-eyed tuna in Fig. Z-5E.

17
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diglyceride acetate as shown in chromatograms C and D. For

the diglyceride acetate analysis, this isocratic condition

was used throughout the experiment.

     Figure r-2 shows the Ag+-TLC chromatograms of the

collected frsctions on HPLC. rt is numbered in sequence of

elutio'n. This is an example of diglyceride scetate from

soybean lecithin. As seen in this chromstogram, this type of

column packing i.e. the reversed phase column elutes the

polyunsaturated types first followed by tri, di, mono and

finally saturated types. This is the basic characteristics of

this type of column.

     Figures I-3•v5 show chromatograms of diglyceride acetates.

derived from several kinds of lecithin sources on HPLC.

Chromatography was regularly completed in about two hours.

The diglyceride composStion of each predominant peak

collected was easily determined by fatty acid analysis, as

shown in Table r-2. This table shows the results on big-eyed

tuna lecithin as an example. Peak nurnber 7 in Fig. I-5E is

obviously sscribed to the diglyceride acetate composed of

16:O and 22:6. It is considered that 22:6 is bound in

position 2 of the molecule since this peak is the most

predominant, and it is said that highly unsaturated fatty

acids such as 20:5 or 22:6 are usually dominantly bound in
         1 ,32'u36)
position 2. In addition, after pancreatic lipase

hydrolysis, only a trace amount of 22:6 was detected in the

free fatty acid fraction ( this fraction represents the fatty

acid in pesition 1 ), although more than 70% of the lipid

was hydrolized ( determined by a densitometric method ). Peak

number 6 has the same combination as that in peak number 7,
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whereas (18:1)(20:5) is considered as contaminants of peak

number 5. Nevertheless in this case, 22:6 is considered to be

bound in position 1 in the molecule. Peak number 5 has an
      '
almost even amount of fatty acids of 16:O, 18:1, 20:5 and

22:6. Among these fatty acids, 16:O as well as 22:6 are

regarded as contantnants from peak number 6, considerin' g that

peak number 6 is larger than peak number 5. It iss concluded

that peak number 5 is the combSnation of 18:1 and 20:5.

Molecular species from other biological sources were alsQ

determined in the same manner. The small peaks which have

critical pairs were first subjected to Ag'-TLC and separated

according to their degree of unsaturation. In most of the

small peaks in the first half of the HPLC chromatograms of

fish lecithin,' only one band appeared on Ag+-TLC plate. The

complex combinations of molecular species were identified in

the fol!owing manner. An example of determination of

molecular species in the small peaks with critical pairs
                                                        '
appeared in the first half of the HPLC chromatogram of chum

salmon ( captured in fall ) is shown in Table I-3 ( also see

Fig. r-4D ). Small peak number 1 is obviously a combination

of 20:5 and 16:1. Small peak nurnber 2 is also a combination

of 20:5 and 16:1 with 10Z unidentified contaminants. The

differences in retention time on HPLC between these two peaks

is attributed to the differences in binding position of the

fatty acid. :t is considered that small peak number 1 has

20:S in position 1, whereas srnall peak number 2 has it in

position 2 in the molecule, since molecular species which

have a highly unsaturated fatty acid in position 2 are likely
                'to elute later than the one which has the same fatty acid in
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position 1. Small peak number 3 is a combination of 20:5 in

position 1 and 14:O in position 2, and also 16:1 in position

1 and 20:S in position 2 since this peak is composed of two

combinations of total acyl carbon numbers of 34 and 36,

respectively. However, the latter molecular species, i.e.

(16:1)(20:5), are considered to be contaminents from the

previous peak. From the fatty acid composition and total acyl

carbon number, three molecular species are presented in

small peak number 4, i.e. combination of 14:O in position 1

and 20:5 in position 2 for 63,3Z; combination of 16:1 in

position 1 and 20:5 in position 2 for 5.7Z; and combination

of 22:6 in position 1 and 16:1 in position 2 for 31.0%. Among

these moleclar species, (16:1)(20:5) can be considered as

contaminant from the two previous peaks. rn small peak number

5, three molecular species, i,e. 14:O in position 1 and 20:S

in position 2; 22:6 in position 1 and 14:O in position 2;

and 16:1 in position 1 and 22:6 in position 2 is identified

in the same manner as that in small peak number 4. rn this

case, molecular species of (14:O)(20:5) is considered to be a

contaminant from the previous peak. rn the case of small

peak number 6, molecular species of 14:O in position 1 and

20:5 in position 2 are congtdered to be the contamtnants Erom

the previous peak. By analyzing the data in this way,

molecular species of all other small peaks were identified.

     The relative retention times (RRTs) of all peaks were

determined by dividing the retention time of each peak by the

retention time of (16:O)(22:6). In the case of soybean

lecithin, (16:O)(18:2) was used as a reference peak and the

RRT were recalculated against (16:O)(22:6) by using the RRT
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Table 1 d- 4..

and
  Relation
mo1ecular

 between
    .specles

 relative
of soybean

      .retentlon
 Zecithin

time on HPLC

PN "1S Rt RRIT *

26

28

tt

te

30

ll

tt

31

32

tt

tt

tt

tt

34

tt

18:2
18:3
18:2
18:2
18:1
18:3
16:O
18:3
18:1
18:2
16:O
18:2
18:O
18:3
17:O
18:2
18:1
18:1
20:1
18:2
16:O
18:1
18:O
18:2
16:O
16:O
18:O
18 .: 1

18:2
20:O

27.6

37.6

39.2

42.0

Sl.4

5S.2

60.0

62.8

73.8

tt

79.6

tt

83.6

113.2

tt

70.4

95.8

99.9

107.1

131.0

140.7

152.9

160.1

188.1

et

202e9

tl

213.0

288.6

tt

Abbreviations:
   PN:Partition
    tion time.

* 1262106 is used

number. MS:Molecular
Rt:Retention time.

as the reference

    .specles .

peak.

RRT:Relative 'reten-



Tab1e r-s.

and
  Relation
moleeular

 between
speeies

 relative retention
of egg yolk lecithin

time on HPLC

PN MS Rt RRT

28

lt

tt

26

28

It

tt

30

tt

tt

et

28

3i

et

tt

30

32

tt

tt

tt

34

16:1
18:2
18:2
18:2
14:O
18.:2

16:O
22:6
16:O
18:3
18:1
20:4
16:O
20:4
16:O
22:4
16:1
18:1
18:1
18:2
16:O
18:2
18:O
22:6
15:O
18:1
16:O
17:1
17:O
18:2
18:O
20:4
18:1
18:l
18:O
22:4
16:O
i8:1
:8:O
18:2
18:O
18:1

'

41:2

tt

tt

tt

47.0

te

50.4

54.4

55.6

tt

59.2

tt

72.4

tt

tt

tt

79.0

tt

83.6

tt

121.8

100;O

tl

tt

tt

114.1

et

122.2

132.0

:34.9

tt

143.7

tt

175'.7

tt

tt

te

191.7

tl

202.9

tt

295.1

Abbreviations:
   PN:Partition
   Rt:Retention

nurnb er ,

 'tlrne.
MS:Molecu!ar species, RRT:Re1ative retetition time
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Table !-7. Relation between relative         .retentlon  .tzrne on HPLC
and molecular      .specles of fish musc1e lecithin

Chum salmon
 (Summer)

Chum salmon
   (Fall)

Big-eyed tuna Alaska porlack Carp

MS PN/ RRT MS PN/RRT MS PN/RRT MS PN/RRT MS PNtRRT

120:41
i22: 61

l22: 51

l20; Sl

I22: 51

t22: 61

ll6: ll
l20: Sl

llgi•g

l16: 11
l22: 61

1?zlg

l53igl

117: ll

l22: 61

IS:l X

l5i,iX

l20; 51

118: 11

1:8: 11
t20: 51

iigi•a

I22: 61
l18: 11

116: ol
t22: Sl

I16: Ol

l20: 41

BII•X

l20: ll
120: 51

120: li
122:61

118: Ol
l20: Sl

l18: lt
l16: 11

I18: Ol
l22: 61

114: Ol
118:•II

1l2liil

T24: ll
120: 51

 22
 50.6
 22
 50.6
 22
 52.8
 24
 60.8
 24

64.8

 24
 65.8
 24
 67.4
25

 77.8
2S
82.3
26

 82.3
25
84.4
26

 87.2.

26
90.2
26
90.2
26
90.2
28

121.9

28
126.6
27

126.6

28
126.6
28

140.6
28

14e,6
 30
143.6
28

152.S

 30
IS2.S

 30
IS2.5

 32
26S.7

118: 3I
122: 61

120: 41
l22: 61

l22: 51
120: 5t

120: 51
l16: ll

I20: SI
lt8': 21

lt6: 11
l20: 51

I18: 21
120: Sl

R21a

1t4:Ol
120: Sl

l22: 61
116: ll

116: II
l22: 6I

ll:X

ll:i•X

116: 11
122: 51

ll5: OI
i20: 51

117: II
122: 61

120: 5I
l18: ll

122: 5I
i16: Ol

   '116: Ol
l22: 51

116: ol
l20: 41

120: 11
l20: Sl

118: O[
l20: 51

  '118: lt
l16: lt

114: Ol
l18: 11

1l2,L gl

 22
 48.7

 22
48.7

22
48.7

24
59.1

24
 S9.!

24
60.8

24
60.8

24
62.2

24
64.2

24
64.2

24
67.1

24
67.1

24
69.5

26
77.8

25
77.8

2S
77.8

26
82.2

28
116.6

28
119S
28

124.6

28
124.6

28
133.3

30
137.2

30
142.9

30
l42.9

l;zlgl

118: 21
t22: 61

Il:i•g

122:4I
lza: 61

116: II
{20:4t

120: 41
t22: 5E

i22: 61
l17: ll

122: 51
t22: 51

117: 21
l20: 41

117; 21
l•22: 51

llS;: !l

l22: 6i

IS;l-X

l20: Sl
lt8: ll

l18: 11
t20: 5t

122: 61
P8: ll

l?21a

li21•81

llllX

118: 11
122: St

1581,st

l?Zl81

lizi•,g

Isgi•x

118: !1

t18: ll

llg]N

l16: Ol
i18: 11

 24
 65.0
 24
 66.9
 24
 71.1

 24
 71.1

 26
 7!.1

 24
 74.0
25

 78.4
24
78.4
2S
78.4
2S
78.5
2S
82.7
es
84.7
26
84.7
26
88.2
26

 91.3
26
91.3

 28
116.7

27
116.7

28
116.7

 28
124.6

 28
130,O

 28
143.2

28
148,1

 32
189.6

 32
206.1

32
21S.5

116: II
t20: 51

l5gi.;

lsgl g

lt6: ll
t22: 61

lsi.a

llSl X

lizi•a

ll8i•X

Isgl g

120: 11
l20: Sl

Bgi•g

1:g,`g

118: 11
l16: ll

l18: 11
t18: 2t

ilgl9I

llgi• 91

Il6,i•X

llg:rX

llg•iu

li2i• 61

IS81?l

li 8,i 91

 24
 61.0
 24
 61.0
 24
 M.2
 24
 6S.9
 24
 6S.9
 24
 69.9
 28
 115.7

 28
llS.7

 28
120.3

 28
125.0

 28
137.S

 28
137.S

 30
137.S

 30
137.S

 30
150.0

 30
'ISO.O

 30
ISO.O

 28
 150.0

 32
207.4

 32
207,4

 34
301.9

 34
301.9

118: 31

122: 61

I20: 41

t20: Sl

lsla

120:4I.
I22: 61

l16: ll

t22: 51

118: 21

l22: 51

l1S: Oi

t22: 61

ISi7i•gl

116: ll

t20:41

118: 21

120:41

II8: ll

t22: Si

ugioa

l18: ll

t20: 41

Issi. g

ISi'i•X

l20: ll

l22: 61

118: ll

l16: ll

118: ll
l18: 21

IIglX

llgl?l

lsig

Isgi• x

118: 11

t18: ll

Il6: Ol

l18: ll

 22
 5e.7
 22
 52.3

 n 54.5

 n 56.4
 26
 79.4
 26
 79.4
 2S
 79;4
 2S
 79.4
, 26
 82.7
 26
 82.7
 28
111.7

 28
111.7

 28
11S.8

 28
119.3

 30
133.8

 28
133.8

 30
138.4

 30
138.4

 30
148L4

 30
148.4

 28
148.4

 30
179.4

 32
19S.3

 32
210.1

 Abbreviations:
PN: Partition number. MS: Molecular     .specles. RRT: Relative        .retentlon  .tlme.
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data in egg yolk

is summerized in

lecithin. The RRT of each

Tables I-4-7.

molecular species
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     Section 3. Discussion

     We have piotted the RRT of each molecular species

semilogarithmically against the partition number (PN) defined

as PN=CN-2.DB where CN is the total acyl carbon number and

DB is the total double bonds since PN is proportional to the
               37)logarithm of RRT.                  A general expression for this can be

written as:

               PN ee log(RRT) (1)
     After plotting the RRT of each molecular species

semUogarithmically, a similar correlation was obtained, that

i8:
              '
               PNee log(RRT)+AQ (2)
    ,(2) is similar to (1), and if we formulate (2) into an

eguation: •
               PNm P•log(RRT)+dQ (3)
where P becomes the slope of the oblique line, and zfQ becomes

the intersept on the ordinate. This equation (3) suggests

that PN is not only a function of RRT alone, but also a

function including dQ.

     Back to the definition of the PN, that is, PN=CN-2.DB,

the left member in (3) can be changed as:
                                               '               CN-2.DBur P•ldg(RRT)+aQ (4)
So, RRT can be expressed as follows:

           '                     CN--2 •DB-dQ
                         P               RRTa 10                                               (5)

     If we put aQ as Q,+oC, equation (5) may be written as:'

                    S!twa!IE;S9,L992DB(Q+q)
               RRT= 10 P (Q, is a minimum of "Q) (6)
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where P and Q are invariables and OC is a variable range of Q,.

By letting CN and DB be invariables, RRT becomes a function

of OC which is:

                RRT= .{(C() (7)
     Back to equation (4), by putting dQ as Qi+CX, the

following equation can be obtained: '
                CN-2•DB" P.log(RRT)+Q,+ex (4')
     rf we let DB be invariable and rearrange the expression

for CN, (4') will become:

                CNn P'log(RRT)+ct +Qa (Q2m Q,+2•DB) (8)

     On the other hand, if we let CN be invariable and
    '
rearrange the expression for DB, (4') will become:
                DB= -- -ll-log(RRT)-S+Q, (Q, =--iltr(Q, -CN)) (9)

                  '                                                            '     These two functions, i.e. (8) and (9) have a deviation

which are O( for the former and -- O(/2 for the latter. Alfa is

considered to be a factor that has a small but significant

effect on RRT, and it may be due to the positional isomers

such as between 1 and 2 positions in the molecule, or by the

large differences in number of double bonds between the two

acyl group in the molecule. This leads us to the model of a

matrix since it is convenient to distinguish the positionaZ

isomers or the bias in the number of double bonds between the

two acyl groups in the molecule. So in order to simplify the

equation, we can induce the following equations from (8) and

(9) respectively under the conditions of:

     cN,.x d,                (c2, di and d2 are invariables)         c2 d2

         Cl Y     DB'=                (ct, c2 and d2 are invariables)         c2 d2
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          CB'= P,•log(RRT)+q, (8')
          DB': P,•log(RRT)+q, (9')
by analyzing the RRT data of each molecular species.

     After plotting the RRT of each mo;ecular species from

the source examtned against the total acyl carbon number or

the number of total double bonds of each molecular species,
 'the RRT plots of molecular spectes Zatd almost on a straight

line by giving a variable integer x for the carbon number and

a variable integer y for the number of double bonds of each

acyl group in the molecular species, when we express the

molecular species in matrix relation. The oblique line is

almost parallel to each other as shown in Fig I-6. By

applying these correlations between the RRT and the

correspo,nding molecular species under the condition of matrix

for the determination of molecular species, it is suggested

that an unidentified molecular species can be predicted from

RRT on HPLC even if it has the most complicated composition

of molecular species such as fish muscle lecithin.

     Another method for HPLC analysis of phospholipid
                                             19)                                              . To ourmolecular species was published by Petton et al

surprise, the sequence of each molecular species in elution

on HPLC, when the RRTs are plotted against the total acyl

carbon number from our biological material, sre the same as
                                   'common molecular spectes of rat liver which was analyzed by
           19)
Patton et al.              despite the fact that the analytical

conditions are significantly different. This suggests that,
                                                    'although there are differences in retention time or in RRT

among the different conditions on HPLC, the sequence in
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elution of each molecular species might

leads us to a conclusion that in HPLC,
    'elution might be controlled by a fixed

matrix relation. By accepting this idea

matrix model to triglycerides. Details
     'the next chapter.

 be unchangeable. This

the sequence in

correlation, that is

, we can expand this

will be discussed in
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                           CHAPTER II

     A NOVEL APPROACH FOR [I'HE IDENTIFICAT!ON OF TR!GLYCERIDE

             MOLECULAR SPECZES ON REVERSED•--PHASE HIGH

                 PERFOMANCE LIQUrD CHROMATOGRAPHY

     Zn ehapter :, two rules in the elution of diglyceride

acetate derived from lecithin on HPLC were diseovered, that

          CN= P,•log(RRT)+Q, CN= ll, gl (1)

          DB- P,•log(RRT)+Q, DB= g; Xa (2)

where P is the slope and Q is the intercept on the ordinate

of the semilogarithmic plots of the RRTs of molecular species

against CN or DB. c and d are acyl carbon number and number

of double bonds in each acyl group, respectively. x and y are

variables of acyl earbon number and number of double bonds,

respectively.

     The structure of diglyceride acetate is:

          Acylt

          Acy12 ( Acyl : esterified fatty acid ) (3)

          CO.CH3

And the structure of triglyceride is:

          Acyli

          Acy13

The difference between (3) and (4) is at position 3 in the

molecule. But CO.CH3 in (3) can also be considered as the

shortest form of acyl group.
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So: Acyl, Acyli
          Acy12 !!l) Acy12 ( where 9 means "include" )

          Acy13 CO.CH3
     '
therefore, (1) and (2) can be rewritten as:

          c N = pt •i o g (' R R T ) + Q, c N = ll.i? ddo ll ( i ) '

          DB= p2'iog(RRT)+Qa DB"lii ili21 (2)'

sÅ}nce (2, O) in position 3 exhibits the acyl (acetyl) group

which has two carbons and no double bond. So we can conclude

I\:.E,:l.i:g.(ik,:ie,::mg.ei:,:l..:hg,g ix;.,erlei:iiiifog,l.

By adapting the general expressions to triglyceride, the

following equations can finally be obtained.

          cN. p,•log(RRT)+Q, cN=lll; dgil (5)

          D B n p, .i o g ( R R T ) + Qz D B al ii Ydd 32 ( 6 )

     rn this chapter, the theory that has proved

mathematically, is verified by the actual experiment.
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     Section 1. Experimental

     Preparation of Triglyceride

     Linseed oil and olive oil were purchased from Wako Pure

Chemical rndustries, Ltd., Osaka. Rapeseed oil was obtained

from a commercial source. Cacao butter was supplied by

Yunokawa Seiyaku Co. Ltd., Hakodate, Hokkaido, Japan.

"Ogonori" ( Gracilaria Msuz.!!s;g.s3a ) was collected at the shore

of Taisei-ch6, Hokkaido, Japan. Total lipid was extracted

from "Ogonori" using chloroform/methanol ( 1:2, v/v ) with

the use of an ultra•-turrax for comminution.

     Triglycerides from these oils were purified by a

preparative TLC using n-hexaneldiethyl ether ( 4:1, vlv ) as
                                                         '
the developing solvent.

     HPLC Fractionation of the Moleclar S ecies of

     :TkELg.ILI id

     The purified trigiycerides were filtered through a O.4S>,"

type FP-45 Fluoropore filter ( Sumitomo Electric rndustry,

Ltdi., Osaka ) and subjected to HPLC. Separation of

triglycerides by HPLC has been achieved on LiChrosorb RP-18

( Merck, West Germany ) twin 8x250 mm columns. These columns

were connected in series. The instruments used consisted of a

Hitachi 638-50 Liquid Chromatograph ( Hitachi Ltd., Tokyo )

equipped with a Shodex SE-11 RI detector ( Showa Denko Ltd.,

Tokyo ). The eluting solvent used was acetonelacetonitrile

( 3:1, vlv ). Triglycerides were dissolved in chloroform at

52ug125>pLl and applied to the column under room temperature (20-•

220C). The flow rate was 1.5 ml!min.
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ldentification of Molecular Species of Each Peak

     on HPLC.

     Peaks on HPLC chromatograms were numbered in

elution. The fatty acid composition and the total

carbon number of each collected predominant peak

by GLC as previously shown in chapter I.

 sequence of

 acyl

was analyzed
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     Section 2. Results

     Figure !I-1 shows chromatograms of triglycerides on

HPLC. The aeyl combination of each predominant peak collected

was determined by fatty acid analysis and total acyl carbon

number anaylsis as shown in Table II-1. This table shows the

results on linseed oil in'  Fig. I!-1 as an example. Peak
     'number 1 in Fig. !r-1 is triglyceride composed of 18:3 alone,
  'i.e., (18:3,18:3,18:3) because over 98Z of fatty acid of

this fraction is 18:3, in addition, the total acyl carbon

number of this peak is mostly S4. Peak number 2 is considered

to be the combination of one mol of 18:2 and two mols of

18:3, thst is, (18:2,18:3,18:3). This is supported by the

data of total acyl carbon number of this fraction. Peak

number 3 is mainly (18:3,18:2,18:2) for the same reasons in
                                                       'peak number 2. Peak number 4 is (18:1,18:3,18:3) with 4NIO%

contaminants because 9.7Z of 18:2 is detected as overlaps

from the previous peak. Peak number 5 has at least two

contaminants, i.e. 18:1 and 18:2. This peak is concluded to

be (16:O,18:3,18:3) from the data of total acyl carbon

number. All other peaks were indentified in the same manner.

     The relative retention times (RRTs) of all peaks were

determined by dividing the retention time of each peak by

that of triolein. When the amount of triolein was very small

and or the peak overlapped considerably, purified triolein

was added to the sample as an internal standard. Predominant

or reliable peaks were selected (Table rl-2) to plot the RRT

of individual triglycerides on a semilogarithmic graph paper.

Results are shown in Fig. II-2A. The RRT were also
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calculated from the chromatograms in the reports of Perkins
et ali.i'38)( see Table xl-3 in the next section ) and those

                39)                ., and plotted on a semilogarithmic graphof Merritt et al

paper as shown in Fig. !I-2B and Fig. rl-2C, respectively. As

it is clear from these figures, the sequence in elution

might be controlled by a fixed correlation, that is, a matrix

relation, though the analytical eonditions are different

among the three figures in Fig. :I-2. !f we express these by

ernpirical equations, the two equations described previously

( equations (5) and (6) in section 1 ) can be obtained.

     rn Fig. II-2, it is observed that even triglycerides

from plant sources show complicated sets of oblique lines.

This is due to the extreme increase in probability in

combination of fatty acids. For example, if we have four

kinds of fatty aeids, there is a probability that diglyceride
or lecithin might have a maximum of 42u16 kinds of acyl

combinations. But in csse of triglycerÅ}des, this will
drastically increase up to 43a64 kinds of acyl combinations.

More specifically, in case of fish lipid, for instance if we

have'ten kinds of fatty acids, there is a probability that
                                                 2diglyceride or lecithin might have a maximum of 10 =100 kinds

of acyl combinations, while in case of triglyceride,
            '  310 =1000 combinations might be possible. The author has tried

to analyze the molecular species of triglycerides from fish

muscle. But the theoritical plate of the HPLC column is still

not enough to separate the very complicated combination of

molecular species of triglyceride from marine sources.

Recently, column packing with 3-)-Ltm particles has been
                      40)developed by Dong et al. for triglyceride analysis from
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vegitable sources.

packing is shorter

it is expected to

 Though the life of this type of column

 than the coventional 5-7tLm particle type,

give a high resolusion chromatograms.
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     Section 3. Discussion

                                      11,38)
     The chromatograms of Per'kins et al                                      . were introduced

in this study in order to calculate the RRT of each peak on

HPLC since it is bssed on 28 kinds of known triglyceride

standards purchased from Nu-Chek--Prep (Elysisn, MN) and

Supelco (Supelco, Bellefonte, PA). RRT of each peak on
              11,38)               s chromatograms 'were calculated by dividingPerkins et al.'

the retention time of each peak by that of trio!ein. And

multiple regression was performed against RRT using Personal

computer Model PC-8001 (NEC, Tokyo) to link the two concepts,

that is, ECN or PN and the new matrix model. The commonly
used computer program for the multiple regression4i)was

written in N-BASIC available for most of the NEC personal

computers.

     Theoritical Relations between the ECN or PN and the

     New Matrix Model

     We will express the molecular species of triglyceride in
a matrix form as it is written previousiy such aslii gti.

     a so called functional group X ( in this case --CH2- ) isWhen
added to Cc'

2 dd' 2,then Cc2i  Si win becomelg:X gll. The theory

of Martin42g3.gg:' C3 d3 le3 d31
              Ali{Z.F:!}T =-fL{;l.IiEeLT +-4f{ltili2!- (1)

              ln(ctqBA)=Afl.$LT ' (2)

(7(L: Chemical potential, R: Gas constant, T: Absolute

temperature, B: Substance which contains group X in addition

to substance A, (X: Partition coefficient )
                           :.ig,l andBas i'iX g,l in
     If we substitute A as
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equations (1) and

obtained:

      ' a (g;+x
             R•T

              c(
          ln
              (X

On the other

chromatography

        Vr za (XVs

( Vr: Total

liquid

So, vr 8;
             Cl
           c,+X        Vr           g;

From equations

        v. g}'x g

        v. g•l g

The right member

corresponds to

           c,+X        ct ga

        c(           cl           ct           C3
  '

By substituting

      hand

        was

     adjusted

stationary

        (5)

       retention

   ln (RRT)

  1og(RRT)

     (2), the following equations can be

                      '
     g,g =ALI,(illiiLgiL,gl.zts,.,

ww,,+x gs.g
  lgi g;tl R•T

    , the general rule for the liquid

     :

        retention volume, Vs: Volume of

     phase, at: Partition coeffi.cient )

  gjl- cxi k g;1•v,

  gi ==at g+x gi•v.

     and (6),

  ".-.sut.:+Xg,

  i o( g21 gi

   in equation (7) is a partition ratio

            value, namely:

  g:
    --RRT  gi

  equation (8) into (4),

    -as!g
       R•T
       ti vKZx
      2.303 R•T

(3)

(4)

the

  (s)

  (6)

  ('7)

 which

  (8)
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                                                     '       •'• log(RRT) oc d2L(x (9)
rf equation (9) is held, the following correlation should

                                  tt

         E.

          o         " log(RRT)= k•,Ot'ztZx (10)
                d7tZx

And if we let the x-axis be the carbon number:

         E
         %

         HO log(RRT)= P,C+ qt (11)
             Carbon number

where P becomes the slope and q becomes the intercept on the

ordinate. This equation (11) is exactly a modified form of

the emperical equations:

          c N - p, •i o g ( R R T ) + Q, c N = li; ddd ,Ll

          DB= p,aog(RRT)+Qt , lcC3' li,                                       DBm c2 d21

namely, the new concept of the chromatographic rule

discovered in this study.

     So far, the physicochemical background of this new

concept has been demonstrated by intfoducing the theory of
Martin4.2)

     In the same way, for all of the functional groups added

to
 the triglyceride gC 3> gd l, equation (11) should hold,

namely:
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          log(RRT)= Pi .Ci +q, (12)
          log(RRT)=P2 .C2 +q, (13)
          l o g ( R R T ) -- P3 .C, + q, ( 1 4 )

          log(RRT) :P,'•D, +q, (15)
                   '                                                      (16)          1og(RRT)=P"'D2 +qs

          log(RRT)=P3'•Ds +q, (17)
Careful considerations should be done here.

  r. :f we take notice of one hydrocarbon chain of the

     triglyceride molecule, -CH2- snd -CH=CH- can be

     considered as physicochemical functionai groups. And

     adding to those, the differences in arrangement of these

     units might affect the total chemieal potential of the

     triglyceride molecule and this should also be considered

     (We will call this as se factor).

 II. From the view point of stereo specific structure,

     unless three carbon chains are the same, we should

     consider about the degree in bias betvieen the

     positional isomers.

rlr. Specific fatty acids such as iso, trans or hydroxy fatty

     acids might also affect the total chemical potential of

     the triglyceride molecule.
                                             '
So, strictly speaking, we can conclude that the chemical

potential of the triglyceride molecule is the resultant of

all physicochemical functional groups in the molecule. If we

do not consider about the affection of ZIr since these fatty

acids seldom appear, the chemical potential (-LC) of
trigiyceride lg'2 ddil can be written as fonows:

       /t,c = gt{Cl(l( c9 3,ld, ,,st,),}(c, ,d2,slsa),f(c3,ds ,Ste)} (18)

where sc is an se factor,/Lt is the chemical potential given by
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the hydrocarbon chain. And g is the function of chemical

potential given by the differences in positional isomers.

Finally, we have reached to the function (18) that sums up

the chemical potential of the triglyceride molecule, and this

(18) is at the same time, an equation that controls the

sequence in elution on HPLC. This will be discussed in

chapter V again.

     We will derive ECN (or PN) from function (18). When we

neglect the fsctor numbered lr, and suppose there is no iso

or trans or hydroxy fatty acids, we can rewrite equation (18)

as:
                 '       .,cc s {( c, ,d, ,st,)+ l( c, ,d, ,sc.)+ f( c3 ,d3 ,se,) (19)

Adding to it, if we neglect the st faetor, equation (19) will

become:
       .L,C.=f(ci ,di )+f(c, ,d. )+f( c3 ,d3 )

          = f( cl +c, +c3 , d, +d. +d3 )

          =f(CN,DB) (20)
This equation (20) exaetly corresponds to the equation of ECN

(or PN). Another way of demonstrating the theoritical

relation between the new concept and ECN (or PN) is as

follows. If we do not consider about the SZ factor and also

the iso, trans and hydroxy fatty acids, we can add both

members from equation (12) to (17), namely:

     6.Iog(RRT)=p, .C, +P,.C, +P,.C, +P",D, +Pt'.Dz +P3'.D3 +q, +q, •+q, +q, +qs +q`

                                                     (21)

And if we put Pnnl16 Pn, P'n=116 P'n,Zq/6mQ, the following

equation gan be obtained:

       log(RRT)=Pi.Ct +P2.C2 +P3.Ci +Pi '.D, +P,'.D. +P,'.D3 +Q (22)

This equation (22) can be considered as the first order
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Table rZ-3• Relative retention time calculated
chromatograms of E.G. Perkins et al. in J.
Soc., 2t, 867•v872 (1981) and on Lipids, U

from the
 Am. Oil
, 460•y463

HPLC
Chem.
 (1982)

Molecular species RRT-
 LaLaLa
trt-13:O
 LL Le
 MMM
 LLL
 LeL
 L'L P

 LOO
trt-15:O

 PLO
 PPL
 PLP
 LPP
 ooo

 21,9
 33,g
 31L;,3

 L12e1

 44,8
 58e7
 63e3
 76,7
 81,8
 83,7
 89', 5

 90,7
 94,2
100,O

Molecular species RRT-

MOP
SOL
SPL
poo
SOM
POP
PPP
soo
SSL
sop
soo
spo
SPP
sos

101,
104,
i08e
113,
117,
120e
132,
144,
145,
152,
155,
162,
179,
208e

1

1

7

1

3

1

9

2

o

7

3

3
8

1

Abbrev
  La :

  M:
"RRT :

e

 Lauryl, L : Linoleyl,
Myristyl. O : Oleyl. P
 Relattve retehtton time
 the reference peak,

Le : Ltnolenyl,
: Palmityl,

when OOO is used as
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combination of C,, C2, C3, Dt, D2, D3 against log(RRT). The author

have performed the multiple regression analysis by using the
chromatograms of perkins et aii.i'38) The RRT caicuiated from

the chromatograms exhibited by perkins et ali.i'38)are shown

in Table r!-3. And the results calculated by the multiple

regression analysis are shown in Table II-4. This multiple

regression analysis program is the commonly used software

from "Personal Computer Program Library Vol. 3" published by
Kogakutosho, Ltd., Tokyo.41) ":NPUT DATA" in Table !!-4 are

the data of RRT ( written as column Y ), and acyl carbon

number in, position l ( written as X(1) ), position 2

( written as X(2) ), position 3 ( written as X(3) )e and also

number of double bonds in position 1 ( written as X(4) ),

position 2 ( written as X(S) ),'position 3 ( written as

X(6) ) from Table II-3. "REGRESSION EXPRESSrON" corresponds

to equation (22) and the coefficients of each term are

determined. "Y & Y" is the actual RRT and the predicted RRT

by multiple regression analysis, respectively. In this case,'
p6sitionai isomers sueh aslii66 8 and l6s 02 can be

                          1182 160
distinguished ( see sample PPL and PLP in Table rr•-3 ). But

if the positional isomers eannot be distinguished, each

coefficient i.e. Cn and Dn will become equivalent. So if we

rewrite Pn as P and P'n as P', the following equation can be

derived from equation (22):

          iog(RRT)= P(Ci+C2+C3)+ P'(D,+D2+D3)+Q

                 =P(CN)+P'(DB) +q (23)
This equation (23) is actually the same with the definition

of ECN (or PN) since P'IP corresponds to the coefficient -2

in ECN (or PN).
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rZ-3. Modified ECN suggested in this study and
the conventional ECN in relation to the sequence
of elution of triglyceride species on HPLC.
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     Finally, we have induced the cpnclusion of ECN '(or
 '
from Martin's theory.

     Back to the results in Table TI-4 "REGRESS:ON

EXPRESSION" was 5.57391 for Ci, 5.90109 for C2, 7.00699

C3, -11.63260 for Dt, -13.40241 for D2 and •-15.40738 for

Accordingly, if we do not consider about the positional

isomers, from equation (23):
            - 11.63260+13.40241+15.40738 L      P'IP

     This

(or PN)

          5.57391+5.9 109+7.00699
     ratio i.e. --2.2 is near but not

   definition ratio which is -2.

Limitation of the ECN (or PN) Concept

     By changing the equation from (22) to

limitation in positional isomers will be released

exampie,
lii g32i and i32t gdil cannot be distinguished

equation (23). And what is more important,

cannot be distinguished also after changin

(23). Adding to this, the ECN definition ratio

integral number which is -2. This implies

molecular species exist that have the same

regression coefficient on equation (23) which

least it is possible to distinguish the following

has the same ECN (=38):

       llii (A) es ogt (B)
  '

Namely, by using coefficient -2.2, ECN' of (A) becomes

60-2.2xll=35.8 and ECN' of (B) becomes S8-2.2xlO=36.0.

author have performed a sequence simulation on HPLC of

!I-3 by using equation (23). Results are shown in Fig.

As it is clear from this Fig. II-3, all the molecular
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equal to the ECN

 (23), the

       . For

      in
g•i g,i and 2.l g2]l
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in Table Ir•-3 become irreversible ( shown as a solid line ).

     Zn conclusion, we might say the coefficient of phe ECN

should•not be an integral number, and this coefficient.is

affected by the analytical conditions employed. This was also
supported by the latest work done by Toya et ale3)

     The matrix model might be the invariant rules that

controls the sequence in elution of molecular species on

HPLC.
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                        CHAPTER•Ilr

     LECrTHIN MOLECULAR SPEC:ES rDENTIFICATION PROGRAM

                FOR THE PERSONAL COMPUTER

                                                  '
     So far, the matrix model, namely, the formulae that
   '
control the sequence in elution of individual molecular

spesies on HPLC have described.

     The next step of this study was the efficient progress

in the rnolecular species indentification on HPLC

chromatograms by utilizing these formulae. A personal

computer was introducted for this purpose. NEC personal

computer Model PC-8001 ( NEC Ltd. Tokyo ) was used.

     Section 1. Lecithin Molecular Species rdentification

               Program Version I.

                                           '     At first, the slopes of the formulae ( formulae (8') and

(9') in chapter r ) were set by analyzing the data of

lecithin molecular species on HPLC that had been accumulated.

And the intercepts of the same formulae were all determined

by the regression analysis. The identification program was

designed by using these slopes and intercepts. Though this

identification program was a concrete form of the

chromatographic rules presented in chapter r ( equations (8')

and (9') ), there were some identification errors. Zt was

observed that in some cases, specifically in the case of

tetraene group, there were seme deviations as shown in Fig.

rrl-1 resulting in the errors for the molecular species

identification. The main reasons were considered to be the
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following two:

  1. When the peaks overlap, it is hard to determine the

     RRTs of positional isomers.

  2. Both "r3 and ur6 type fatty acids exist in tetraene groups

     that make the large deviation of RRT.

So, it can be concluded that the thorough development of

instruments i.e. the column, the pump etc. of HPLC are

required in order to clearify the RRT differences in

positional isomers as well as the differences in ur isomers,

and to complete the molecular species indentification program

that exactly reflexes the equations ( (8') and (9') ).
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     Section 2. Lecithin Molecuiar Species Identification

               Program Version rr.

     Though it was found to be hard to design a computer
    '
program that strictly follows the chromatographic rules

presented in this study due to the inadequate imformation of

RRT between the isomers or the inadequate reproducÅ}bility of

RRT on the present HPLC, a more practical identification
      'program based on the collation with the deposit data were

designed. !t runs as follows as designated in Seheme III-1:

     At first, the fatty acid composition data of the

colleeted peak on HPLC was entered ( shown as B in Scheme

:Z:-1 ) aÅíter initialization ( shown as A ). Then the

identification subroutine starts running according to the

priority order of identification that goes as follows:

  1. Search the same molecular species in the data file and

     when there is, then print out the RRT of it that meets

     the condition of ct which restricts the range of RRT that

     has entered from the keybord manually ( shown as C-1 and

     D, E ). Thi•s is called "PREDZCTED BY S. T. D. RRT" in

     Program III-1.

  2. rf not in the case of 1, search the molecular speeies
     that belongs tolg2 dd2il( or fi' gS ) group, and then

     generate a regression line as shown in Fig. Trr-2.

     After that, print out the RRT of it that meets the

     condition of C( ( shown as C-2 and D, E ). This is called

     "Liner prediction routine" as well as "RREDICTED BY

     3-VAR. LrNER METHOD" in Program IT!-1.

  3. If not the cases eÅí 1 and 2, search the molecular
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t PRINT "IF YOU WANT TO ONLY PREDICT ONE M.S. RRT THEN ELASE , OF L!NE 75":DELET
Se"1`):3!iiptP p.,.G,. RRT, ..pREDIos. pRos, .RIAIvt l.A.sT vERS,lo.N. ,(.EVERY WAY.)

6e WIDTH8ig•,25:CbNSOLE,.,O,,.1-:COLDR7,e,'1,:,P.RrNT 1 HRst'i2) :LOC'ATE"'1eile :PR:tNrr ,"MLECU
LER SPECIES OF DI--GLYCERI•DE DETERMINATION."ELPER".:LOCATE le,12:PRINT "PROGRAMED
BY M.E. 19B3.10.18.":LINE(16,G6)-•(13e,S.4),PSET,B
7e LOCATE 15,18:PRINT "INITIAL:ZE PHASE": ' GOSUB 7pme
72 PRINT CHR$(12)
75 'INPUT CI,nl,C2,D2:GOSUB leee:PR:NT PR,ME$(M):GOTO 7K.
Se FOR Inl TO 1e :FC(I)=e:FD(1)=e:FPU)ne:FOR J=1 TO le:MM(:,J)=e:ML(:,J)=e:NEXT
 J:NEXT ::PR:NT CHR$(12)9e PRINT ::NPUT "SAMPLE NAME IS ";SN$:INPUT "HPLC PEAK NO. IS "INS:PR:NT ::NPUT"
:NCLUDrNG F.A. NO.";N
lee PRINT :FOR 1=1 TO N11e PRrNT "F.A. NO.";I:rNPVT"CARBON NO:";FC(:):INPUT"DOUBLE BOND NO: "IFD(:):PR:
NT :NEXT rsPR:NT CHRS"2)12e PR:NT "SAMPLE NAME : ";SN$:PRINT :PRINT :PR:NT "HPLq PEAK NO. :";NS:PR:NT
                                                                       ":PR                                                                  PEAK':PR:NT "CALCVLAT!NG NO. ";S:S=S+1:PRINT :PRINT ":NCLVD:NG F.A. OF THrS
:NT13e FOR I=1 TO N:PRINT "F.A. NO. "lr;:PR:NT " "sFC(1);":";FD(I);" ":
NEXT 1:PRrNT :PR:NT "OK":PRINT14e rNPUT "REAL RRT OF THIS PEAK"IRT:PR:NT :PR:NT "NOW CALCULATING PHASE"tPRINr
15e FOR 11=1 TO N:FOR JI=1 TO 11:Ct.FC(:1):C2mFC(Jl):DlxFD("}:D2=FD(Jl):GOSUB 1
eee:MM(:1,Jl)=PR:ML(r1,Jl)gM:NEXT JItNEXT I1
16e BEEP:PRINT "CALCULATION ENDED":PRINT
17e :NPUT "ENTER MAX. OF ALPHAn;KsPR:NT
18e FOR r=1 TO N:FOR Jmt TO I:IF ABS(tvlM<1,J)•-RT)<K THEN PRItNrr nlesFC(";N:";FD(1

jl,l,;;" : PRII IT, , ,;." : ; FC` "' ; " : " ; "D` "' ; "AE.; ili,, ., e, ;,R,R;t:,!1,:, tl;,i:S; J, l,;A,,t7LPHA:"'" s,vM< i , J> -RT :P

19e NEXT J:NEXT 1
2ee AN•S--"yes":!NPUT "ANY MORE PREDICT:ON ";AN$t:F AN$m"yes" THEN 17e
21e AN$="yes"::NPUT "ANY MORE CALCULATION ";AN$::F ANS:"yes" THEN 8e
gee 6oTo se
leOe '-------------------•-- PR Calculation --------------'-'---'--"-----d-"
1e1e K=e:K1=e:K2=e:PR=e:M=1
lelS :F DI>D2 THEN C=Cl:D=Dl:Cl=C2:Dl=D2:C2urC:D2=D
le20 rF (Dl=D2 AND CI>C2)THEN C=Cl:D=Dl:Cl=C2:Dl=D2:C2:C:D2=D
le3e FOR 1=1 TO SN:IF DI=SDS:,2)AND D2=SD(:,4) THEN K"tK+1:SS(K)"::NEXT : ELSE NE
xT rle7e FOR :=tl TO K:IF CI=SD(SS(:},1) AND C2mSD(SS(:),3) THEN PRisSD(SS(r),5):Mm2:G
OTO 12ee' ELSE NEXT 1
leBe FOR :=1 TO Ks:F CIsSD(SSU),1) THEN KImKl+t:Sl(Ki)"SS(I)
1eB5 rF C2=SD(SS(1),3) THEN K2=K2+1sS2(K2)=SS(I)
le9e NEXT :
illei :F KI>---2 OR K2>=2 THEN 60SUB 40ee:GOTO 12ee
i13e :F FO(n1,[t2,1)nt THEN T1=LOG(SD(FO(D1,n2,4),5))X43.429:T2m(C1d-SD(FO(D1,D2,4
),1))XFO(n1,[I2,2):T3=(C2-Sn(FO(O1,P2,4),3))XFO(D1,D2,3):FRpt1eA((T1+T2+T3)11eO):M
=5:GOTO 12ee
1145 IF K<>e THEN PR--1eA((A1X(C1+C2)+QQ(nl,D2))/1ee):M=3:GOTO 12ee
115e M=1:PR---e
12ee RETURN
4eee '--b------------------------ Liner prediction routine -----'-"--`----"---"---
4ees sx=e:sy=e:xx=e:yy=e:xy=e:M=4
4elO :F KI>---2 THEN FOR 1=1 TO KI :X=SD(Sl(I),1)+SD(SltI),3):Y=LOG(SD(Sl(:),5))X4
3.43:SX=SX+X:SY=SY+Y:XX=XX+XXX:YY=YY+YXY:XY=XY+XXY:NEXT•I:KS=XX-SXXSX/Kl:LS=XY-S
XXSYIKI :MS=YY-SYXSY/Kl :A4=LS/KS :B4=SY/Kl-•A4XSX/Kl :R4taLS/SQR (LSXMS)
4e15 SX:e:SY=e:XX=e:YY=e:XY=e:Pl=(Cl+C2)XA4+B4:Pl=leA(Pl/lee)
4e2e IF K2>=2 THEN FOR I=1 TO K2 :X=SD(S2(1),l)+SD(S2(I),3):Y=LOG(SD(S2(:),5))X4
3.43:SX=SX+X:SY=SY+Y:XX=XX+XXX:YY=YY+YXY:XY=XY+XXY:NEXT I:KS=XX-SXXSX/K2:LSsXY•-•S
XXSY/K2 :MSmYY-SYXSY/K2 :A 5i=LSIKS:B5 :SYIK2-A5XSX/K2:R .rc. =LS/SQR (LSXMS)
4e25 P2=(C1+C2)XA.sc+B5:P2=1eA(P211eO)
4e30 IF KI>K2 THEN PR=Pl ELSE :F KI<K2 THEN PR=tP2
499e RETURN
7eee '--------------------------- PR Calculation rnitialize ----•-----•-•--•-b---"-'"---
7ee5 SN=69:K=e:K1=e:k2=e:PR=e:T=24:A1=7.665e9:PR=e
'7ele DIM SP(SN,E),SS(IE),FO(6,6,4),DS(T,2),Q3(T),QQ(7,7),FCCIO),FD(le),FP(le),MM
(le,le),ML(le,le)
7e20 FOR 1=1 TO SN:FOR J=1 TO 5:READ SD(r,J):NEXTJ:NEXT 1
7e3e FOR 1=1 TO T:FOR•J=1 TO 2:READ nS(:,J):NEXT J:READ Q3(I):QQ(DS(I,1),DS(I,2)
)=Q3(1):NEXT I
7e4e FOR :=1 TO 5:READ ME$(1):NEXT I
7e5e FOR I=1 TO 5:READ DO,DT:FO(DO,nT,1)=1:FOR zz=2 TO 4:READ FO(DO,DT,II):NEXT
II:NEXT r
7e6e FOR I=1 TO 2:FOR J=1 TO 2:READ PS(:,J):NEXT J:NEXT r
9e4e RETURN
leeee '------ DATA SET OF STO. D.G. RRT ( MEAN OF DATA ) FROM D.G. BOOK ----
leele DATA 16,e,16,e,213
1ee2e DATA 14,e,18,1,141.B,18,e,1e,1,295.2,16,e,18,1,2e8.7B6,1S,e,1B!1!175.7,16,
e,17,1,175.7,16,e,16,1,148.45,14,e,2e,1,212,16,O,2e' ,1,3el.9
1ee3e DATA 14,e,18,2,1ee,16,e,16,2,111.7,16,e,1B,2,145.7,17,e,18,2,167.9,1B,e,18
,2,2e2.9,2e,e,1B,2,2B8.6
iee4e DATA 16,1,1B,1,138.26,18,1,1B,1,1•91.175
1ee5e DATA 16-,1,18,2,1Oe,1S,1,18,2,135.45s2.e.,1',18.,2,18S.1
1ee6e DATA 16,O,1,B,3,Ue..6,1B,e,18,3'1,i52,.9
1 ee 7' e nATA 16 ,e ,2e ,.e , 122 . e57 ,.1 6 ,e ,22', ,4 , 1321. 9: i ;' 8t. e ,2e ;4 , 1'" ". 55 "8 ,0 , 22 ,4 ,1 91 .7

1au•DATA 18,1,IB,3,99.9 '1ee9e DATA 18,2,1S,2,97.9
letee DATA 14,e,2e,5,63.85,15,e,2e,5,77.B,16,e,20,S.,91.S667,14,e,22,5,82.3,16,e,
22,5,122.28e,1B,e,2e,5,137.133
1e11e DATA 16,1,2e,4,76.9,18,1,2e,4,114.95
1012e DATA IB,2,IB,3,7e.4
1e13e DATA 14,e,22,6,68.9143,15,e,22,6,e2.8333,16,e,22,6,98.77,17,e,22,6,121.65,
1e,e,22,6,147.6S
lel4e DATA 16,1,2e,5,6e.B4,1B,1,2e,5,e6.e125,1S,1,22,:,114.2,2e,1,2e,5,125.4,24,
1,2e,5,265.7,16,1,22,5,7B.6
1e1sc •DATA 17,2,2e,4,78.4,1e,2,2e,4,82.7
ieS6e nATA 16,1,22,6,65.95,17,1,22,6,ae.12,1B,1,22,6,91.S25,2e,1,22,6,137.3
1O170 DATA 18,2,2e,E,6e.85,17,2,22,Je,7B.5,18,2,22,S,79.4
jle18e DATA 18,2,22,6,66.B333
1e19e DATA 2e,4,2e,5,52.3,2e,4,22,5,74
1e2ee [IATA 1S,3,22,6,49.7
1e21e nATA 2e,5,20,5,37.33,2e,S,22,5,51.5,,22,5,22,E,,78.4
1e22e DATA 2e,4,22,6,52.725,22,4,22,6,71.1
1e23e DATA 2e,5,22,6,41.e4,22,5,22,6,5S.7667
1e24e OAtA 22,6,22,6,44.6B
le5ee t•---------------•-------•- Q3 DATA •--------------------•-------------•-------••-•-----------
1e51e DATA e,e,-1i.369,e,1,-2B.418,e,2,-45.81e,1,1,--47.7e9,1,2,-63.869,e,3,-56.9
3,e,4,-72.2S,E,e,5,-7B.3e3,1,4s-eE.423,2,3,-91.215,,e,6,-91.93Bi,1,5,-97.eB45,2,4,
-99.553,1,6,--11e.e12,2,5,--t13.45f,,2,6,-124.747,4,5,--l34.785,3,6,-136.999,5,5,-i4
9.348
1e52e DATA 4,6,•-151.SS2,5,,6,-t6e.477,6,6,-172.366,1,3,-76.e1S49,2,2,-77.8345
le60e '------•----•------•--- METHODS ------•----•-------------•-------------------
le61e DATA "IMPOSSIBLE TO PREDICT.","PREDICTED HY S.T.D. RRT","PREDICTED BY (Dl,
D2) METHOD.","PREMICTED BY 3-VAR. LINER METHOD.","NETWORK' PREDICTION"
le7ee '---•---•-•-------------•-- NETWORK [tATA ---•------------•-----------------------
1e71e DATA e,2,7.623S..5,5.77e32,12,e,4,B.1379e,1.84811,23,e,5,8.24843,5.51i94,29,
1 ,5 ,.8 .e1 82i ,5.E61 67 ,43 ,2 ,5 ,8 .ee)eee , 5e .778ee ,5B
le72e '------•--•------------•---•- NAME OF VARIABLWE ------•-•-•-----------------•--------
le73e DATA "Cl","Ol","C2","D2"
lesee sTop
le9ee END

Program Ul--1. Lecithin molecular species identification program
         for the personal computer, written in N-BASIC. uoo
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     species that can be defined as dd2i and then search the

     molecular species that can generate a parallelogram

     (network) as shown in Fig. II:-3, and print out the RRT

     of the vertex molecular species on the parallelogram

     that meets the condition of O( ( shown as C-3 and D, E ).

     This is called "NETWORK PREDZCTrON" in Program rl!-1.

  4. If not the cases of 1, 2 and 3, search the molecular
     species that can be defined as g; as it has been done

     in 3. Then, introduce the slope and the intercept (shown

     as Q3 in Program rll•-1) of the generalized regression

     line and print out the RRT that meets the condition of ar

     ( shown as C-4, D, E ). ThÅ}s is calied "PREDrCTED BY

     (Dl, D2) METHOD" in Program rZr-1.

  5. Impossible ( shown as C-5 ).

     Finally, it goes back to the main routine that continues

or ends up the identification prograrn. The whole view of the

program is shQwn in Program rll-1. The results obtained by

this program were compared with the results obtained from the

actual analysis of sardine muscle done by enormous labor.

Fig. !II-4A illustrates the good agreement between the actual

analytical results shown by solid line and the

identification via personal computer shown by dots. And for

the comparsion, ECN (or PN) is also shown ( shown by the

broken line in Fig. UI-4B ). None of the reversed point in

RRT was observed in this example by the presented

identification program making good contrast with those of ECN

(or PN).

     Although, in some cases, there might be some rare

missidentification, this personal computer program is sure to
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                          CHAPTER IV

           MOLECULAR SPECIES OF FrSH MUSCLE LECITHIN

                                           '                                              '     So far, the formulae that control the sequence of

elution of lipid molecular species on HPLC have been

demonstrated. It has been proven that the matrix model

presented is invariant. And this matrix model forms the bases

of molecular species identification of muscle lecithin from

fish sources that will be discussed in this chapter.

     The characteristics of each fish from the view point

molecular species of muscle lecithin is discussed with some

supplemental analysis such as principal component analysis.

           Section l. Experimentsl

     Total lipids were obtained from the fish muscle

tabulated in Table IV-1 according to the method of Bligh &

Dyer. Neutral lipid composition and phospholipid composition
                                              44•t47)
were measured by the Iatroscan-Chromarod Method.                                                    The

developing solvent used were n-hexane/diethyl ether/formic

acid ( 85:IS:O.5, vlv ) for the former and chloroform/

methanol/ammonia/water ( 70:30:2:3, vlv ) for the latter.

Phospholipid content was determined by multiplyÅ}ng 25 to the

phosphorus content of the lipid which had been determined by

Fiske-Sabbarow method. Preparation of pure lecithin,

hydrolysis of lecithin into diglyceride, and derivation to

diglyceride acetate from diglyceride were done in the same

manner as shown in chapter I. HPLC fractionation and

identification of molecular species of each peak on HPLC were



Tab1e :V-1. Fish examined

Sampl es Mean body len9th
Locality of

          '

 and
catch

weight.
.

Date of catch.

    Sardine
sisa9!S!J.ngREdiosmelanosticta

20.0cm,
Kamiiso

17.1cm,
Kamiiso

80g
, Hokkaido.

43g '
, Hokkaido.
         '

July

oct.
  ,

1982

1983

    Mackerel
scomber japonicus

•41.8cm, 647g
Kam"so, HokkaSdo

32.2cm, 409g '
Todohokke, Hokkaido

July

oct.

1982

1983

A

  ' Big-eyed
Parathunnus

 tuna, Frozen
obeu.s

11O.Ocm, 20kg
from the market

1,OO.Ocm, 24kg
rndian sea

.

.

    Brown
Limanda

sole
lf!Lgrryg.!.nggerria

23.7cm,
Kikonai

21.2cm,
Kamiiso

 169g
, Hokkaido

 207g
, Hokkaldo

oct

May

. 1982

  1983

    Sand
Llnanda

 flounder
PY!lgStA.!2EE:!!!Atsa

18.3cm,
Karn"so

18.6cm,
Abuta,

 65g
, Hokkaido

 139g
Hokkaido

Dec

May

. 1982

  1983

B

    Rock
bebastes

M•
fish
stEn!.sgglichl 1i

19.6cm, 187g
Toi, Hokkaido

27.0cm, 471g'
Kamiiso, Hokkaido

oct.

July

T982

1983

 ' Alaska pollack
th9treE!A.ragachalcogranvna

44.0cm,
Uchiura

41.7g,
Shikabe

 61Og
 bay, Hokkaido

509g ••
, Hokkaido

Dec

Jan

.

.

1981

1984

• Churn salmon,
thcorhyncus keta

    Churn salmon,
    rh ncus keta

Ma1e

Fema1e

 65.0cm, 3500g
 Akkeshi, Hokkaido
 42.7cm, 1367g
45e59'•-49029tN, 167007'•-175930'E

4s4.6
s'

g8,C.M.4'
g.i ig9t3Ng, 'i67oo7,-i7s63o'E

June

Aug.

tl

1980

1983

c

Blue shark
Prionace.gLreaysguca

 114.5cm, 8.5kq
38e30'-39030'N, 155000tE June 1982

   Mackerel shark
Lamna cornubica

 88.5cm, 1O.2kg
41O30'-•43OOO'N, 175e30'E

July 1982
D

   Carp
C rinus     .car lo

23.0cm,
from the

175g
market •

Sep. 1980

    Rainbow trout
.Esi1!!!!gmogAt.tn!!ng!l.!irdnen irideus

33.8cm,
Nanae,

38.0cm,
Nanae,

 455g
Hokkaido

 780g
Hokkaido

Sep.

May

1982

1983

E

A:

D:

Migratory fish
Carti 1 ag'i nous

.

fish.

B: Bottorn fish

     E: Fresh .c:water fish.

Hard to classify.
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                  Results and Discussion

     Section 2. Characteristics of Muscle Lecithin of Fish

     The yield of total lipid and the percentage of each

lipid class against total lipid are shown in Table rV-2 and

Table IV-3. Fatty acid composition of diglyceride acetates

which represent the fatty acid composition of lecithin are

shown in Table :V-4 and Table rV-5. Samples shown in these

tables were subjected to the lecithin molecular species

analysis.

     HPLC chromatograms of each fish are shown in Figs. IV-IN
   '
6 and the detected molecular species of lecithin in sequence

of elution on HPLC with the percentage data and those of

mg/100 g muscle are shown in Figs. rV-'7tv32.

     As illustrated in Fig. ZV-1, the HPLC ehromatogram of

diglyceride acetate of fish muscle lecithin can be devided

into four molecular species groups, that is, :: molecular

species composed of highly unsaturated fatty acids such as

20:5 or 22:6, for instance (20:5)(20:5), (20:5)(22:6) and

(22:6)(22:6), III: molecular species composed of generally

found fatty acids such as 16:O or 18:1 with combinations of

20:5 or 22:6, that is (20:5)(18:1), (18:1)(20:5),

(22:6)(18:1), (18:1)(22:6), (20:5)(16:O), (16:O)(20:5),

(22:6)(16:O) and (16:O)(22:6), and II and rV: others. As it

is evident from the chromatograms ( see Figs. IV-1,v6 ),

groups I and III accounts for at lesst 60% of the molecular

species examined'. Specifically, as shown in Fig. IV-1 and

Fig. rV-7, groups I and XZI of the sardine white muscle
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accounts for about 87•v88%. These two groups might control or

represents the characteristics' of lecithin of fish muscle.

     The left side chromatograms in Fig. IV-1 are the

sardines captured in summer ( July, 1982 ) and the right side

chromatograms are of those captured in fall ( Oct. 1983 ).

Though a supplementary experiment should be done to give a

conclusion, sardines captured in summer might have the

tendency to lose the molecular species which combines the

highly unsaturated fatty acid in position 1 such as

(22:6)(16:O) and (20:5)(16:O) compared with those captured in

fall.

     Figure IV"2 shows the chromatograms of mackerels

captured in the same day with sardine. The characteristics of

this fish is the very complicated eomposition in group IV

especially in dark muscle. Molecular species of (16:O)(22:5),

(16:O)(20:4), (17:1)(22:6), (20:5)(18:O), (18:O)(20:5),
       '(22:6)(18:O) and (18:O)(22:6) can be named in this group
  '
( see also Fig. IV-9 ). '
     Figure :V-3 shows the chromatograms of bottom fish

eaptured in October, December and May. These fish are

extremely outstanding since the most predominant component of

these fish is (16:O)(20:5) instead of (16:O)(22:6) unlike

other fish examined ( see also Fig. IV--12 and Fig. rV-13).

     The chromatograms of big--eyed tuna, Alaska pollack,

carp, rainbow trout are shown in Fig. :V-4, and the

chromatograms of rock fish, blue shark, mackerel shark,

rainbow trout are shown in Fig. rV-5. Throughout the

chromatograms in Fig. IV--4 and Fig. IV-5, (16:O)(22:6) is the

most predominant peak though in case of Alaska pollack, it
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contains (16:O)(22:6) and (16:O)(20:5) almost equally ( shown

by arrows in Fig. ZV--4, see also Fig. IV-15 and Fig.

IV--30.). The similarity among fresh water fish and

cartilaginous fish is the very few content of group ! i.e.
     '
the molecular species composed of highly unsaturated fatty

acids such as (20:5)(20:5), (20:5)(22:6) and (22:6)(22:6)

( see also Figs. ZV-18'"21 ), although the former contains

less amount of molecular species that contains 20:5. The

content of group I differs significantly in the case of

big•-eyed tuna. This is seemed to be the result of differences

in days of frozen storage since other freshly prepared

migratory fish examined contains group : abundantly.

     Figure TV-6 shows the chromatogrsms of chum salmon. As

it is evident from this Fig. rV-6, chum salmons under feeding

migration are extremely rich in (16:O)(22:6) ( see also Fig.
                          ':V-•16 and Fig. IV-17 ).

     Observations throughout Figs. :V-7.v32 give information

that the molecular species with the eombinations of saturated

fatty acids such as (16:O)(16:O) and (16:O)(18:O) are found

only in big•-eyed tuna. The reason why those are not found in

other fish is considered that the melting point of

(16:O)(16:O) or (16:O)(18:O) is higher than other molecular

species observed so that the liquid crystal conformation of

cell membrane composed of these saturated molecular species

might be convenient for the warm environment and inconvenient
 '
for the cold environment.

'     Zt has been wide!y accepted that the amount of

phosphol'ipid of muscle is almost constant. But the

expressions by mgllOOg muscle of eaeh lecithin molecular
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species ( Figs. IV-22-32 ) shows that even the amount of

lecithin changes in a eonsiderable degree.
 '
     As it is observed throughout the figures, predominant

molecular species are usually composed of 16:O, 18:1, 20:5

and 22:6 such as (20:5)(20:5), (20:5)(22:6), (22:6)(22:6),

(18:1)(20:5), (18:1)(22:6), (16:O)(20:5), (16:O)(22:6) and

(16:O)(18:i). Figure ZV-33 illustrates the amount of

(20:5)(20:5), (20:5)(22:6), (22:6)(22:6),

(20:S)(18:1)+(18:1)(20:5), (22:6)(18:1)+(18:1)(22:6),

(20:5)(16:O)+(16:O)(20:5),(22:6)(16:O)+(16:O)(22:6) and

(18:1)(16:O)+(16:O)(18:1) by radar charts. These charts are

shown in sequence of elution (clockwise) and the Loriginal

data have been employed from Figs. IV-7'-21. As it is evident

from this Figi IV-33, the predominant peaks composed of 16:O,

18:1, 20:5 and 22:6 well characterize the characteristics of

each fish. Bottom fish such as brown sole and sand flounder

is of outstanding owing to the ratio of (16:O)(20:5) and

(16;O)(22:6). All other fish except Alaska pollack contains
   '(16:O)(22:6) as the most predominant component while Alaska

pollack contains both cornponent almost equally. From the view

point of seasonal variation, rainbow trout shows an

extraordinary change. It is considered that the closed

environment of this fish forced the changes of lecithin for

the adsptation. Fatty fish such as sardine and mackerel also

show considerable changes compared with other marine fish

examined.
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     Section 3. Characterization of Each Fish

                  by Principal Component Analysis

     Principal component analysis (PCA) is well known as the

tnost representative way of multivariate analysis., PCA gives

i•nformations on allover relative relations of multivariate

data of mulitiple samples at the same time.

     Fig. IV-34 illustrates the dispersion of data on the

second dimensional plane (Xi ,X2 co-ordinate) as an example of

explanation of PCA. If we consider new axes on the same

plane such as Zi and Z2, the projection of each data (shown

by arrow) on Zi.axis well represents the characteristics of

this set of data. Namely, we can decrease the dimension from

second (plane) to first (line) with the smallest information

loss. In this example, variates are only two. But if we

expand this concept on multiple variate (multiple
                   'dimensions), and then if we decrease the dimension with the

smallest information loss, such as, up to third or second

dimension, this will become a so called PCA. In this study,

the multiple dimension is decreased to second demension for

the ease of comprehension of the whole view of data. Fig.

:V•-35 shows how to interpret the print out from the computer
                                 '                                                      'on PCA analysis. The axis named as large number 1 is the

first principal component and the axis named as large number

2 is the second principal component. First principal

component has the mesning of 'tthe axis' that represents the

data most,tt and second principal component has the meaning of

"the axis that represents the data next to the first

principal component". Vectors shown as broken lines stand for
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Table IV--6. Print out of the mean and the standard deviation of the
    amount of all fish muscle lecithin examined, and print outs of
    correlation matrix arnong the main molecular species, eigenvalues
    as well as contributions and finally component loadings
           '
       XXXXX PK!NC;F•AL CSi Fbel ET,N;T ANALYS:C.. KXk'Y. X
      NumDer or' Variables 9

      Numbar' c- Samol? :S

                              s.[,.      VAR:P9L• :- ,M,Sa,N        : 3.t;3g f,.sgs•       ' :• lg.?69                             3 S .4 S L)
        3- 2• 2.:• r-i: 39 .: 63        4 • 2•2.;:•: :7.776        $ 8.vWS7 :E.364        6 3Q. .97a a6 .67e        7 9:-.2•37 76.:S,9        S 11.161 :2- .f,91
      =====.=s=-"==. ====. -u=s====t====n====npts===xn======ts====#=-==="m====s=n=

 *

**

 < Ccrrr?: at :' on Matrix >

 t 1.q) g)e
 2- O.4 EEt 1.th. et:,
 3 O.279 (P.96t;, t.tb(btb
 4 tb .434 ti, .98ct) ti) .93 f, 1.0ee
 s (p .;7tb -- q) .t:.,s, :• -- iil .op lg -op .o31 i .oee
 6 ib .t; cb3 {:) .t:o :• e} -tt) .1 39 -(b .op11 -(b .e 5, :• 1.e k')e
 7 ::,).:•61 u) .Be.b: O.7S4 op .75•5 -O .tpSe tb .3(b7 1.Cn ib fb
 8 -ti) .:97 -fb .1 1: -tZ) .:06 -cb .Co75, -(l, .l q)1 -(P .:Sl -op .tb34 1.,v:) t.) (:,)

T!fiAC:- = 8

=.==•
--==.--=-.=st--===-=#=-==.==#==-#====---===-=-.-=#======--====.=-=-.==.=-==-.

                *EI3•-ENVALU,E Z                                          Ae:- .z     .COMF•8NENT
                              4S.:52                    3.Sb(b                                          4S.252       1
     -: 1.S,3:• 19.15,inr, 67.4u)7       3 1.eeS 13.6v)2 Sl.tbi:n9       4 tr) .674 le .? 2•9 9i .93S       :-i :lf,g: {:ztas g;ie-g?
       '7 f:4.ee36 C).446 99.947       s e.tbo4 op.te.f•3 lee.opee
    **.SCCMFeN:-NT LeA:t;NS >•

          :; iri F• ; iV' :- it T

           1 2= 3 4 S 6 7 S       1 q)..e.av'J tb.6L•? e:,.t:,,39 e.2•31 tb.464 e.12•8 k).opE,e e.,E.,t:}5
       2 ti.,.7e3 -cl,.::•6 t:,).t:,}2•S -e.op2•:• op.tb59 -e.v.)87 O.,t134 -(:,).tb.er.:"
       3 O.935 -ti,,2•9.9 t:t,.:i4 --,b.g174 -Co.e)41 -tb.e14 op.12•6 u).op32"
       4 g:,.95S -e.:7:• cb.c:,,.=.rL:- e.E,{b9 cir.op9S -tb.i.=',9 --(1).12-3 O.eb2•1
       S - ti . Li) :• 4 t,) . 2• 4 3 t,) .S t;•4 • pt .4 tl, 7 - v: .2• 1 2 - e .kl :• 8 -- e .n e). 2 - (P .u:,tb:-
       6 k) .161:,) tb ,S:•S -c?. ,41 :- g) ." tb -e.:• 48 •- (b .:65 e) .tcI Z•9 O. t":,ti) t;,
       7 te ,S73 tb .t:,) :• tb -t:, .2• t,t t:,, e.tbS:• -- {b .367 op .2. 33 -tt).th. a7 -• lt).{bEI3
       S -t,b.IE•:t -gb.46i -op.26tz) q}.79-F tb.tb42• -t).::,:6, a).Ct):4 O,etbl

                                                      '
Eigenvalues were calculated by the Jacobi method, and the iteration
was 60 on this PCA.
Component loading corresponds te the scalar of the eigenvector on PCA
The row and the column are variable numbers same with those in the
next figure (Fig. ZV-36).
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component loadings. For example, suppose vector A stands for
   '                                 'water content, B for protein content and C for lipid

content, water content is almost negatively cerreZative and

st the same tirne' , no correlation with protein content. Zf we

have deta number 1 and number 2, we can get the following

informations:

            Water content : nurnber 1 > number 2

            Lipid content : number 1< number 2

            Protein content : number 1 = number 2

     By introducing this PCA, the whole view of all fish

examined can be summerized in one or two plsnes with the

minimum loss of inforrnation.

    •The computer program used for PCA was the modified
program of "personal computer Library, vol. 3".48)The original

program was written for NEC PC-8001 personal computer. But

it was modified for NEC PC-8801 mkll personal computer, for

instance, the arrangement of the program was changed into

N-88 BASrC, and the character mode was changed into graphic

raode .

     Table !V-6 shows the print out from the computer. !n

this Table, "Number of Variables 8" are the main molecular

species which have been discussed in the radar chart on Fig.

rV-33, namely, those corresponds to the footnote in Table

:V--7 shown as "Row". "Number of Sample 26" are the fish

examined and those are also shown in the footnote of Table

:V-7. "MEAN" is the average amount of each molecular species

mg/100g muscle. "S.D." is standard deviation. "Correlation

Matrix" shows the correlation of each variable (molecular

species). "EIGE•NVALUE" is ealculated by the Jacobi method
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Tab1e ZV-7. Print out of the principal loading (component score) on PCAe'
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. SARDrNE PC (Dark muscle), Oct.

. SARDrNE PC (White muscle), Oct.
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. BROWN SOLE PC, May 1983

. SAND FLOUNDER PC, May 1983

. ROCK FISH PC, July 1983
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Fig. IV-38. Plo,ts of principal
principal component plane
Refer to the eigenvectors
p1ane.

 loading
on PCA.
in Fig.

on the first and secend

ZV-36 as background of this
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from correlation matrix. t'%t' shows the contribution for the

information of the whole data of each principal component and

"ACC.%" is the accumulative value of these "%". "< COMPONENT

LOADrNG >" is the scalar of the eigenvector ( see Fig.

rv-3s ).

     :n Fig. IV-36, eigenvectors of major molecular species

are shown as small numbers on the first and second principal

component plane. These are drawn up from the print out of

"< COMPONENT LOADZNG >" on columns 1 and 2 in Table :V-6. And

in Fig. IV-37 eigenvector of the same molecular species are

generated on the first and third'principal component plane.

And these are drawn up from the print out of "< COMPONENT

LOADING >" in columns 1 and 3 in Table IV-6.

     "< PRrNCIPAL LOADZNG >" in Table rV-7 is the print out

of principal ioading of each fish which shows the position on

the PCA plane. For example, the cell in the 1-th row, the

1-th column shows the distance on the first principal

component, and the cell in the 1-th row, the 2--th column

shows the distance on the second principal component. These

principal ioadings were plotted on the first and second

principal component plane as shown in Figs. IV--38•-40 and on

the first and third principal eomponent plane as shown in

Figs. rV-44'v46 in different scales. Eigenvector of Fig. IV-36

is for Fig. IV-38 and' that of Fig. !V-37 is for Fig. IV•-44.

As shown in Fig. ZV-38, sardine dark muscle has a drastic

seasonal change ( points number 1 and number 2 ). And among

the white fiesh fish, Alaska pollack has a large seasonal

change ( points number 17•and number 18 ). The movement of

point number 1 to point number 2 is the direction of
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Fig. IV-39. Plots of principal
second principal component
Refer to the eigenvectors
p1ane.
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Fig. ZV-40. Plots of principal loading on the highly magnified first
and second principal component plane on PCA.
Refer to the eigenvectors in Fig. ZV-36 as background of this
p1ane.
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Fig. ZV-44. Plots of principal
principal component plane
Refer to the eigenvectors
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Fig. ZV-45. Plots of principal loading on the rnagnified first
and third principal component plane on PCA.
Refer to the eigenvectors in Fig. ZV-37 as background of
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eigenvector number 4 that shews the direction of

(20:S)(18:1)+(18:1)(20:5) cornbinations. So we might say that

sardine dark muscle has a large seasonal variation in the

molecular species composed of 20:5 and 18:1.
                                 '     Fig. IV-39 is the magnified figure of Fig. IV--38. And
                                    LFig. IV--40 is the further magnified figure of Fig. IV-39.

Frorn these two Figures i.e. Fig. IV-39 and Fig. IV-40,

generally speaking, there seems to be a direction on the axis

of oval shape shown in the movement between the same fish

except in the cases of sardine dark muscle, chum salmon and

rainbow trout. This direction coincide with eigenvector of

(20:5)(20:5). Though, further supplementary studies should be

done to get a conclusion, it is assumed that (20:5)(20:5) is

the most reflectable molecular species against seasonal

variations among the majority of fish. This is more evidently

shown in Figs. IV-41N43 in three different scales, and only

sardine dark muscle ( shown as A ), chum salmon ( shown as

B ) and rainbow trout ( shown as C ) have different

directions. As it is well known, the general characteristics

of these three fish are as follows:

         Sardine dark muscle : Drastic change

                                in lipid content.

         Chum salmon : Migration from sea to river.
         Rainbow trout : Fresh water fish.
So, these characteristics might affect the molecular species

      4of muscle lecithin.

     Through Fig. IV-44 to Fig. rV-h46 show the distribution

of each fish on the first and third principal component

plane. The outstanding deviated points are those of sardine
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dark muscle ( point number 1 ) and Alaska pollack ( point

number 17 ) as it is seen in the first and second principal

component plane. Those'of rainbow trout and mackerel dark

muscle also have a deviation in this plane, but not so large

as it is in the csse of sardine dark muscle and Alaska

pollack. Figure rV-47 through Fig. ZV-49 show the seasonal

variations by lines on the first and third principal

component plane, rt is hard to find a general movement of

molecular species in this plane according to the seasonai

variation unlike it is observed in the first and second

principal component plane.
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     Section 4. Changes in Fish Muscle Leci'thin of

                  Chum Salmon during Migration

     Total lipids were obtained in the same way as described

in seetion 1 from the fish rnuscle of chum salmon tabulated in

Table IV-8. Lipid composition analysis as well as molecular

species analysis were also done in the same manner as

described in section 1. PCA analysis was done in the same way
          'as described in section l. - '
     Table rV-9 shows the yield of total lipid and the

percentage of each lipid class against total lipid. And on

the right end of this table, the lecithin amounts!100g muscle

are shown. Though there is a drastic drop in the amount of

total lipid and triglycerides between the stage of feeding

migration and spawning migration, the amount of lecithin

ranges between 161.-230mg/100g muscle.

     In Tablg IV-10, changes in fatty acid composition of

diglyceride acetates ( this represents the fatty acid

composition of lecithin ) during migration are shown. At the

level of this analysis, not any significant differences are

observed amoung the four stages.

     HPLC chromatograms of each stage of migration are shown

in Fig. IV--50 and the detected molecular species of lecithin

in sequence of,elution on HPLC with the percentage data are

shown in Figs. :V-51NS4. As it is obviously seen in these

figures chum salmon at the stage of feeding migration has

(16:O)(22:6) as the most outstandingly predominant peak

( shown by arrows in Fig. IV-50 ) compared with other three

stages. At the stage of spawning migratien, this peak i.e.
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Tab1e TV-1O.

derived
Fatty
from

 acid composition
lecithin of chum

 of diglyceride
salmon muscle

aeetate

--ij------Ft .---"-.. -"-.+.-.--+- -fpt . + "- -zae-

Satnple FeeclSng mtgration SPaWtltt19 mlgratlon
'

Spent

Fattyact(l Ma1e F'ema1e Female* 'Me1e** Ma1e Fema1e

•12:O O.09 O.03 trace o .06

14:O 4,58 3.10 1.98 2.78 3,34 3.74 3.49 3. 53

15:O O.82 O.68 O.37 O.42 O.42 O.44 O.37 o .32

16:O 29.02 432.26 30.02 26.84 23.95 28.61 29.51 26, 15

16:1 :.79 1.38 1.66 2.19 2.60 2.56 2.41 L 83

17:O 1.t4 O.92 O.43 O.38 O.61 O•SLO O.35 o. 4B

17:1 O.44 O.,37 O.25 O.16 O,36 O.25 O.42' o, 27

18:O 1.03 1.lt O.72 O,59 1,23 O.52 1,45 o. 83

t6:1 8,43 8.27 6.40 4,68 5.04 7.25 9,65 6, 64

18:2 O.51 O.52 O,37 O.51 O,94 O.64 o.fio o. 46

t9:tor18:4 O.46 e.63 O.97 O,97 O.34 o. 39

19:2 O,69 O.56 1.36 1.19 O.33 o. 49

20:O 1.0t O.77 O.67 o.7.q 3.27 trace trace o. 79

2o:r O.10 O.10 O.39 O.29 2.29 O.52 Lll o. 05

2{-):2 o,;t O.09 O.06 O.04 O.33 o. l4

20:3 o.6r) O.58 O.1:'l O,13 O.06 O.93 o. 88

20:4 O.79 O.67 l.54 1.83 3.00 1,80 O,41 o. 51

20:5 !1,49 10,18 15,OO t6,22 19,OO 23,66 S5,87 16. 96

22:3 O.07

22:4 O.42 O.34 O.18 O.19 o, 12

22:5 1.05 O.98 1.16 1.87 2.48 1,93 1,75 2, 37

22:6 3r,.oo 36.40 38.20 39.30 28.77 25.43 30.67 36. 70

others O.77 O.73 O,Ol O.13 O.31 e,ol o, 03

 Z itl

* Sea

muscte

vuu.

lectthin.

 rk* River.
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(Feedtng mlgrotlon) (Feedtng mtgratton)
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Rtver Rtver

20 AO 60 801oom;n
20 co se 80:oom;n

11

CHUM SAthON. MALE
   (Spent}

CHUM SALMON,

   CSpent)
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HPLC

stage

chromatograms
 of migration.

of chum salmon musc1e• lecithin
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Z/pc
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EXNXN
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s

 , (17:O)(22:6) and (22:6)(18:1) are trace amount.
 Molecular species of chum salmon muscle lecithin
stage of spawning migration (river).
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Tab1e rV-ll. Print out
the amount of chum
migration stages

of the mean and
 salmon muscle

 the standard deviation of
lecithin throughout all

t,J S,)l tX• •X X X X

Nu rt) t.) Rrt

 r-•F'ltIN[ XFtC,L COl,VIltONENT
crf Variain 1 es * 31

ANALYSTS XXXXX

Numin en o.f Sample* 9

iVItK• : Lr ,-th] st- EI

  1
  -.n,:

  3
  4•
  f-F",

  6
  7
  s
  9
 i (:')

 11
 ILt
 j' :i

 1 `1•

 itLti,

 16
 1. -;,•

 :8
 1 Ci?

 :.1[',?)

 2•?2
 :••, :•i

 L: l3

 :"fii

 tt,•cr-,

 :• 6.,

 :-7
 ;:'"i

 :: cs

 LT3{tL•}

 zJ,1

 MEAN
 tZ} . ZI•74

 4.163
1 e, . (!) ff, G)

:t:3.S49
 i.5i63
 tz; . 64(r,)

 c:4. .E-t31

 (Z) . E-:.t 1 ;-,

 c:} . eS :•II• 8

 1 . .cr-t49

 (I} . .ny,• 2•• 7

 3 e t:)'76
 tZ) . "'78El;

 4 . 5, 48
 {!) . 63 .=-:,

 :Lt e14S
 c2) . 633

 t:) .331

 3.67S
 1 n :I,ll• "79

 : . S (:) E,

 -1 . :-,87
1 C2 . d) :.•.•i7

16 n 17C:}
4rtt . t:)3:•!'

 iZ} .i1 'i

 r,.c,).cr-,i

 1 e38'7
 s . :r,s :'l7

 (l') e 1 `{;•'-"-.;

 r..36c?

 S.[l .
 t:) .-681

 1.861
 6.c:)ff,8'

1{:4 . 1. 2••6

 1.148
 1.186
 (;) . 83 1

 1 .t:} l•ll• c:)

 1.1S:"
 1.S,68
 (i) . 4"7 ff,

 4 . `[l- :--'t3

 1 .:-r•• J. C7

 :" n'=-"' (S •t

 1 e :" t:)1

 E•l .6C79
 1 . l•l!- 7(Lt)

 (Z) .936
 tZ) .9E} "7

 2• .385
 2• . -7 CI?3

 5, . F,67

 7 . 9E;S
 7 . 61.:3 {:,)

1 CI7 . "7B(Zl

 (Z) e 2" 2' 3

 (:} .g79
 1 . C,)3rf

 3 . CIi, E• I• Ei

 (r,) .36e

 2• .691

* Variable numbers
and sarnples are

 are shown in
shown in the

 the footnote of
footnote of Table

Fig. ZV-56
 IV-15.
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(16:O)(22:6) becomes relatively smaller. Up to these two

stages, the chromatographic patterns are analogous between

male and female. When the fish starts ascending the river,

drastic decrease in the asmount of group Ir! ( see the

footnote of Fig. IV-1 in section 2 ) especially the molecular

species of (16:O)(22:6) and (16:O)(20:5) are observed.

Unlike the chromatographic patterns at the stage of sea,

outstanding differences are observed between the male and

female. The coqtent of (22:6)(22:6) is extremely high

followed by (20:5)(22:6) in male. Finally at the stage of

spent salmon, (16:O)(22:6) as well as (16:O)(20:5) relatively

increase compared with the former stage in the river. These

are more concretely seen in radar charts of the main

molecular spe'eies as illustrated in Fig. rV-55. The axes of

these charts are the same with Fig. !V-33 in section 2. These

charts are arranged in sequence of mtgration movement

(anticlockwise). It is clearly seen from this figure that at

the stage of sea run, slight differences in patterns of radar

charts can be observed between the male and female while

that of river, outstanding differenees are observed

especially at the spawning stage. rt is obvÅ}ously seen from

this Fig. :V•-55 that the amount of (16:O)(20:S) is relatively

very small in feeding migration stase compared with those of

other three stages. The amount of (20:S)(22:6) and

(22:6)(22:6) is surprisingly high at the river spawning

stage.

     The author has employed PCA again as discussed in the

previous section. As it is shown in Table IV-11, number of

variables which correspond to the number of molecular species
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Tab1e IV-12,

   .speeles

Print out of the correlation matrix atnong
detected.*

all molecular

=St=tSSst==t=S-S==tksnn-ta#=utnsx=St=MIIs=sansan#-ttnabnt==slt#=sk#stel=Sbe=sttt=t

                    '< -eareela'-ion Ma`.nu; > '

    ::3aS6 .7 9 1 t . :). ::, t-
 : e.e:e 1.•bt:,}tp
 3 "J .77: ,- .l c-a : ."vae
 a op.ees. th.ss-t e.Ge3 ,:.•h. tpe
 S th.16: -•;.) P. 77 th.t03 e,3t-9 ' !Ree
 6 e.sL3 A. i-=ls e..6:s e.3s6 .-e.:e3 1.etbo
 7 e, .:t:,3 e.47g e.:• f,s e.:• ee -e .7e3 e.ae6 1.opoe
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* Variable numbers are the same with those in Table ZV-11.
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Fig. IV-56. Eigenvectors of al1 detected mo1ecu1ar      .specles on the
first and secend principal component plane on PCA.
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are 31 ( see the footnote of Fig. rV-56 ). And number of

samples correspond to the four different migratory stages of

two different sexes ( see the footnote of Table ZV-15).
 '
"MEANt' is the average amount of each molecular species of the

four stages and "S.D." is standard deviation. Correlations

among all detected molecular species are shown in Table TV-12
  'and eigenvalues calculated by the Jacobi method from Table

rV-12 are shown in Table rV•-13. Values of contributions are

also shown in this Table. Though variables were up to 31, the

accumulated contribution was 63.7Z when employed to the

second principal component.

     rn Fig. IV-56, eigenvectors of all detected molecular

species are shown as small numbers on the first and second

principal component plane. These are drawn up from the print

out of component loading in columns 1 and 2 in Table :V-14.

And in Fig. !V-S7, eigenvectors of the same molecular species

are generated on the first and third principal component

plane. And these are drawn up from the print out of component

loading in columns 1 and 3 tn Table IV-14 as well.

     Principal loading in Table rV-15 was plotted on the

first and second principal co' mponent plane as shown in Fig.

rV-58 and on the first and third principal component plane as

shown in Fig. IV-59. The mQvement according to the stage of

migrations are shown by arrows. Very interesting movements

are observed in this figure. By refering the eigenvectors in

Fig. rV--56 at the same time, it can be observed that the

movement direction from feeding migration stage to spawning

migration stage (sea) is nearly parallel to the eigenvectors

numbered 8, 15, 17, and 20 whiie it mtikes a right angle
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against eigenvectors 25 and 29. This shows that although the

amounts of number 8 ( (2Q:5)(22:5) ), number 15 ( (14:O)

(20:5) ), number 17 ( (17:O)(22:6) ) and number 20

(.(22:6)(18:1) ) are small as have seen in Fig. !V-51 and

Fig. :V-52, drastic decrease of these molecular species

occurs between these two stages, making good contrasts to

number 25 ( (16:O)(22:6) ) and 29 (Unknown) which keep the

constant amount. On the other hand, when the migratory stage

proceeds to the spawning stage in the river, the movement of

the arrow in this figure becomes almost parallel to the ,

eigenvectors of number 25, 29 and also 6, 11, 13, 18 and 26.

Number 25 is (16:O)(22:6), and the rest 6, 11, 13, 18 and 26

are small peaks. So it might be possible to conclude that

(16:O)(22:6) is almost constant at the sea stage and becomes

changeable at the stage of river.

     Spent salmon showed an analogous position with thst of

spawning migration stage in the sea in PCA planes as it is

shown. in Fig. IV--58 and Fig. IV-S9. And from these two

figures, it is clearly seen that the differences between male

and female are considerablely smail compared with the

differences among the migratory stages.
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                        CHAPTER V

              GENERAL SUMMARY AND CONCLUSIONS

     Superiority of the reversed-phase type HPLC was

emphasized.

     rn chapter I, it was suggested that dephosphorylation

followed by acetylation is effective in separating the

critical pairs of the lecithin molecular species on HPLC. The

positional isomers were also separated to some extent unlike

the triglycerides. And a new matrix model was proposed for

the prediction of molecular species of lecithin. The matrix

modei was as follows:
                                           'x d,          CN= Pi.log(RRT)+qi CN" c, d2
          DB= Pz•log(RRT)+q, DB= cC,' 212

where ci, c2 and dt, d2 are acyl carbon number and the number

of double bonds in each acyl group line up in a similar way.

x and y are variables of acyl carbon nurnber and number 6f

double bonds, respectively. P, and P2 are the slopes and q, and

q, are the in'tercepts on the ordinate of the semilogarithmic

plots of the RRTs of molecular species against CN or DB. RRT

is the relative retention time ( in general, it should be

relative retention ).

     Zn chapter I:, the matrix model proposed in chapter :

was developed into the rules for molecular species of

triglycerides. This idea was based on the expansion of matrix

of (2,2) ty.pe model for the lecithin molecular species to

the matrix of (3,2) type model for the triglyceride molecular

species. The matrix model for the triglyceride was as

fo;lows:
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          cN= pi•iog(RgT)+q, cN=lll; ddd';i

          DB= Pa'log(RRT)+qi DB" ICC.'2, Ydd,2i

                '                                     'where ci, c2s c3 and dh d2, d3 are acyl carbon number and the

nu•mber of double bonds in each acyl group linhe up in a

similar way. x and y are variables of acyl carbon number and

number of double bonds, respectively. Pi and Pi are the slops

and q, and q, are the intercepts on the ordinate of the

semilogarithmic plots of the RRTs of molecular species

against CN or DB. RRT is the relative retention time. This

matrix model was verified by the actual analysis of

triglycerides from natural sources and from the
chromatographic results presented by other investigators!1,38,39)

     The theoritical background of the proposed new model was
   'considered by introducing the theory of Martin.42) He

formulated the equation:

      'kiZ.F!}T='4`iS.iFAT +4fig.2S'T , in(ctqAB)=ALi(l.I&T

where A, B are members of a homologous series, differing by
the functional group X, ct is the partition coefficient and ";l!tZ

is the differences in chemical potential of the group X in

polar or non-polar phase of the chromatographic system. It

follows that each group in the solute molecule contributes

more or less independently to the differences in standard

free energy of the solute between the two different phases.

Thus, in general, there is a linear relationship between ln 6<

or log <)( and the number of functional groups in a homologous

series. By substituting A in Martin's theory42)as
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                     c, d, c+i x dl
triglyceride species c2 d2 and B as c2 d2, X will become
a functionai group. orC3wed3couid aisoCgubgeitute A as icC2i dd2'l

and
 B as Ccci 32 giltYl, then y win'aiso become a functionailC3 d3t

group. rn this case, X corresponds to -CH2- unit and Y

corresponds to -CH=CH- unit. The chemical potential of the
  'triglyceride molecule is principally affected by these X or
               'Y, since in accordance with the elongation of the hydrocarbon

chain or increase in the nurnber of double bonds in the acyl

group, the plots of RRT of each molecular species draw an

ascending or a descending straight line.

     Thus the physicochemical background ef the matrix model

has been demonstrated from the theory of Martine2) A more

detailed considerations were also done in this chapter !r.
 '                                    'Strictly speaking, in additton to the physicochemical

functional groups, that is, -CH2- and --CHsCH-, the

differences in arrsngement of these units might slightiy

affect the total chemical potential of the triglyceride

molecule ( it was called sc factor ). And from the view point

of stereospecific structure, we should consider about the

degree in bias between the positional isomers. So the author

has concluded that the chemical potential of the triglyceride

molecule is the resultant of all functional groups in the
m o l e c u l e . T h e c ? g md, u p p e d c h e m i c a l p o t e n ti a l ()/cC ) o f

triglyceride C2 d2 was written as follows:
               d3             C3
        xtL=g[f(ci, di, 3tt ), l(c" d,, R. ), }(c3, dj, St3 )}

where St is an St factor, f is the chemical potential given

by the hydrocarbon chain, and g is the function of chemical

potential given by the differences in positional isomers. Zn

order te give shape to this function, it was concluded that a
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more precised instruments ( column, pump and detector of the

HPLC ) that gives a perfect reproductive data is required.

Name
2x,dÅíor ,example, if the differences of RRT between 2C i ddd31

and c, di can be measured perfectly, then the relation
    c3 d3
between f(ci, di,.Sti) and f(c. d2, SUL) can be formularized by

analyzing the multiple data. The 3-7ttm type column packing is

                                                     'expected for this purpose.

     The theoritical relationship between the presented

matrix model demonstrated in this study and the conventional

ECN theory was also discussed in chapter I:. Tt was proved

mathematically that ECN is the degradated form of the

presented matrix model.

     In chapter Irl, the computer software for the

identification of lecithin molecular speci,es was designated.

     The order of priority in the computer program for the

identification of'lecithin molecular species was as follows:

  1. When there is a same molecular species in the data
          '     file, the RRT of this moiecular species is printed out.

  2. When there are molecular species that belong to the
     E2 dd2t group ( or fii gij ), a regression iine is

     generated and the RRT of the predicted molecular species

     is printed out.

  3. When there are two parallel line groups that slightly

     differ in the slope due to the arrangement of -CH2- and

     -CH=CH-- units in the molecule, parallelogram is

     generated. And the RRT of the unknown vertex of this

     parallelogram is printed out.

  4. When there are molecular species that belong to the
     d,        group ( when the combination of the acyl carben     d2
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                                     '     number is unknown ), the slope of the generalized

     regression line is introduced. And the RRT of the

     predicted species is printed out.

     Though there is still a limitation for the perfect

identificstion of all the molecular specÅ}es contained in the

samples from natural sources due to the incomplete

reproducibility of.RRT, this computer software might be

convenient in predicting the generally found molecular

    •specles.

     rn chapter rV, from the view point of muscle lecithin
                                     'molecular species, sardine, mackerel, big-eyed tuna, brown

sole, sand flounder, rock fish, Alaska pollack, chum salmon,

blue shark, mackerel shark, carp and rainbow trout were

examined on HPLC. Amoung the fish examined, flat fish such as

brown sole and sand fiounder were extremely characteristic

since these fish contained (16:O)(20:5) as the most prominent

species unlike the rest of the fish that had (16:O)(22:6) as

the most prominent species. Cartilaginous fish such as blue

shark and mackerel shark had a very few amount of molecular
                            '     '
species that have the combination of highly unsaturated fatty

acids such as (20:S)(20:5), (20:5)(22:6) and (22:6)(22:6).

This was also observed in fish from fresh water such as csrp

and rainbow trout. The main differences between the

cartilaginous fish and the fresh water fish were in the

contents of molecular species composed of 20:5 represented by

(16:O)(20:5). These were rich in the cartilaginous fish.

     Principal component analysis (PCA) was done in order to

characterize each fish in relation to all other fish

examined. Except sardine dark muscle, chum salmon ( feeding
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migration ) and rainbow trout, a reflectsble movement in the

content of (20:5)(20:5) was observed in the majority kind of

fish examined.

     Chum salmon of four different migratory stages were

analyzed in the sarne manner. By introducing PCA again for the

interpretation of muscle lecithin molecular species analysis

amoung the migratory stages, interesting movement were

observed on the first and second, as well as the first and

third principal component plane Sn accordance with the

advance in migration. The plots of male and female moved

aimost together on these plane. This ituplies that although

there are some differences between male and female especially

at the stage of spawning migration in the river, these

differences are not so large as the differences between the

migratory stages. Zt was clearly seen that at the stage of

spawning migration in the river, molecular species of

(16:O)(22:6) drastically decreased.

     The study in molecular species of fish lipid is at the

dawn of a new age. Especially for the analysis of

triglyceride molecular species, an effective high performance

column that has a thorough theoritical plate to separate

individuai molecular species is principally required. And a

conbination with the flame ionization detector (FID) or with

the mass spectrometer is expected to back up a more precised

determination. Attempt on the analysis using (FID) on HPLC
                        49-S4)has done by Privett et al. And that on the analysis
using mass spectrometer combined with HPLC has done by Kuksis
et al?5) Matsushita et a15.6) have used a mass spectrometer on

the fractions obtained by HPLC manually. There is also an
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attempt done on a mass spectrometer without using HPLC for
the fractionatioi7'"63)or by high a field ?3c nuclear magnetic

resonance spectrum (NMR) alone64? But from the author's point

                                                    'of view, at least the HPLC fractionation might be inevitable

prior to the mass spectrometer or NMR analysis. And these

should be used only when it is necessary to analyze the

overlapped peak on HPLC since the analytical cost using the
 '
mass spectrometer or NMR might be wasteful.

     In this study, principal consideration for the complex

lipid molecular species analysis was on lecithin. But the

author is quite sure that the matrix model presented fQr the

lecithin HPLC analysis well fits to the other complex lipid
molecular species analysis as wen. Nakagawa et a16.5'66)worked

                                                         'on the phosphatidylethanolamine molecular species of bovine
                               '                        16)                                                 13)brain and Un Hoi Do et al., as well as Smith et al.                                                     worked

on the ceramideS of bovine brain in addition to the studies
on lecithin molecular species97) !n accordance with the data

accumulation in these field, the invariability of the matrix
             'model for all kinds of lipid molecular species is sure to be

verified.
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