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ABSTRACT

When a 8% casein basal diet was supplemented with free L-methionine (Met) at the levels
of 0.02, 0.04, 0.06, 0.08, 0.1, 0.2, 0.3 and 0.6% of diet, body weight gain of weanling male rats
of the Sprague-Dawley strain was increased with increasing levels of Met, showing a maximal
supplementary effect at the 0.2% level. However, Met supplementation to the 8% casein diet
consistently produced fatty liver. Liver fat began to accumulate when the Met level added
reached 0.19% of diet, resulting in most severe fatty liver at the 0.2% Met level. On the other
hand, supplementation of enzymatically synthesized oligo-L-methionine (a mixture of hexa-
and hepta-peptides of Met as determined with FAB-MS, abbreviated as OM) to the 8% casein
diet did not produce fatty liver due to “threonine imbalance” until the supplementary level was
increased up to 0.2% of diet in one experiment and 0.3% of diet in other two experiments,
although OM was as effective on body weight gain as free Met at all corresponding sup-
plementary levels. Neither Met nor OM exerted consistent effect on plasma cholesterol
concentration. The addition of 3% free Met to a low casein diet usually causes severe growth
retardation. Nevertheless, toxicity due to 3% OM addition was very weak. When supplement-
ed to a 10% SPI-based diet, Met significantly improved growth rate of weanling rats to the
same extent as observed in the low casein diet. In contrast to the case of low casein diet,
supplementary effect of OM was significantly smaller in the SPI diet than that of Met,
although the addition of OM improved growth slightly, but significantly above the 0.2% level.
OM-supplementation led to decreased plasma cholesterol levels. To improve nutritive value of
food proteins, we tried to convert glycine residues in peptide chains to essential amino acids
in situ. As preliminary experiments, salicylideneglycinatoaquocopper(Il) (Sal-Gly-Cu) was
heated with various alkyl halides (methyl iodide, isopropyl chloride, isopropyl bromide,
isobutyl bromide, benzyl chloride, benzyl bromide, bromoacetic acid, and 2-chloroethyl methyl
sulfide) in DMF or DMSO in the presence of KOH or EtONa. Valine produced from Sal-Gly-Cu
and isopropyl bromide, the yield becoming higher by EtONa than by KOH (1 to 2% of Gly).
Leucine and phenylalanine were obtained from isobutyl bromide and benzyl chloride with
yield of about 1%. The conversion into Met was not achieved from a reaction with 2-
chloroethyl methyl sulfide. Generally, alkyl bromides seemed to be better reagents than
chlorides.
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Table 1. Methods of limiting amino

acid supplementation

1 Dietary addition of LAA
(a) Free amino acids
(b) Oligopeptides
(c) Other proteins

2 Incorporation of LAA into proteins
(a) Chemical modification
(b) Enzymatic modification
(c) Conversion of glycine residues
to EAA in peptide chains
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Table 2. Amino acid composition of soy pro-
tein isolate (SP1) and that modified

with L-methionine

Amino acid SPI Modified
SPI
g/16 g N

ASp 8 3 9 4
Thr 3.3 3.4
Ser 3.4 3.5
Glu 16.9 18.4
Pro 53 5.4
Gly 3.6 35
Ala 3.8 3.7
Val 4.0 3.8
Cys 1.6 1.6
Met 1.2 6.1
Tle 3.9 3.9
Leu 6.9 6.6
Tyr 3.3 3.1
Phe 4.8 4.4
Lys 5.9 5.8
His 2.9 91
Arg 7.0 6.8
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Table 3. Effect of L-methionine supplemented by 3 different forms to a 8% casein diet on body weight, PER, liver weight and

. Body wt. gain . Liver Plasma
Exp. No. Diet for 2 weeks PER Liver wt. Total lipids Cholesterol cholesterol
g g mg/g mg/100 m!
Basal 29.543. 702 3.3540. 23° 4.20%0. 40° 58.8+ 4.3° 2.7£0.2° 70.24 1.8
Moz 31.3+2.8 3.7640.19%  4.59+0. 23 58.7+ 3.0° 2.7£0.1° 74.3% 4.6
Moot 35.0+1. 2t 3.9540.12%  4.50+0.16% 53.3% 1.9 2.8+, 12b 74.2+ 3.6%
Mao.s 36. 942, 9b¢ 4.20£0.19%%  5.01+0.20 55.0+ 1.9° 2.940, 12bed 64.3% 2.8
Mo.os 42,343, 7bed 4.3440. 20% 5.20+0. 31% 77.5415.9"  3.3£0, 4% 79.3+ 8.3
) Mo 41. 149, gbed 4.35+0. 16% 5.2140. 23" 9L.6+ 8.9  3.5+0.04% 76.3% 4.8
Moz 43.241. 394 4. 48+0. 10% 6.16+0. 39 154.4+16.9¢ 3.740.1¢f 79.5% 5.7
OMao.o2 31.342.3 3.4540. 14% 4.20+0. 14 60.4+ 3.6° 3.240, 2mbede g6 84 5 32b
OMo.os 34.7+2. 0 3.754£0.15%  4.3440.10® 61.7+ 3.6° 3. 140, 22bed 66.8+ 2.3
OMao.os 34.2+2. 8 3.7740.19%  4.5340. 29 60.7+ 3.7 3.1, 220 71.3% 4.0
OMo.s 35.8+ 1. 280 3.9140. 16 4.7240. 20° 62.24 3.2 3.0%0, 1% 72.1% 2.9%¢
OMo. 39.3+1. 4t 4.1440.13% 4.77+0. 15 70.5% 6.3 3.3%(.1bdf  8L.5+ 55
OMo. 48.3+1. 148 4.77£0. 14 6.01£0. 36 106.9+11. 4¢ 3.8%0.2 84.2+ 4.4¢
Basal 14.242.0° 2.09+0. 26° 3.12+0.17 63.8% 4.8 - 75.5+ 3.5°
Moz 29.6%2. 4 3.97+0. 18 4.62£0, 29" 108.8+10. 6 3.9£0.3° 74.8%+ 2.1°
2 Moz 32.9+1.5° 4.08+0.11° 4.88+0. 20° 115.5+ 9.1 3,740, 2° 78.1+ 3.4
OMo2 33.141.0° 4.2140. 16" 4.3240. 14° 73.7+ 5.8 3.340.2 81.7+ 5.4
OMoa 33.8+2.1° 4.2140.07° 4.65+0.21° 87.1+ 8.6:>B  3.3+0,2° 75.1+ 3.9
Basal 17.3£1. 8 2.0240. 18° 5.61+0.31° 59,3+ 2.8 2.740.2% 86.0+ 8.5°
Moz 41,843 4¢ 3.8620. 20° 7.6140.53  102,7£13.9% 2.840. 2% 79.5+ 4.0°
Mos 42.8+2.6° 3.70£0. 10° 8.414(. 52" 126.9%10. 5¢ 3.2+0.1° 69.6+ 7.3°
3 OMaoas 42.1+4.1° 3. 71£0.21° 7.2740. 30% 81.8+ 6.8°  2.5%0.1° 74.7+ 7.9°
OMas 42.0£2.2¢ 3.65%0. 16" 7.45%0. 26" 126.2+12. 3¢ 3.0+0.1° 55.9% 8.7°
MC 41.6+2.9¢ 3.77%0.16° 6.8740. 34" 90.9+ 6.4° 3.140. 20 70.2+ 8.9°
OM; 27.5+2. 4% 2.61+0. 22¢ 6.7240. 32 105.3+ 5.0 2.4+0.1° 78.0+11. 1°

1. M = L-methionine, OM = oligo-L-methionine, and MC = L-methionine-modified casein.
Subscripts represent dietary L-methionine levels added as forms of M, OM, or MC.

2. Mean = SEM ; values sharing common superscript letter are not significantly different (p>0.05).
Small letters represent the results obtained by multiple range test and capital letters, by t-test.
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Table 4. Effect of supplementation of L-methionine or oligo-L-methionine to soy protein isolate (SPI) diet on
body weight gain, PER and tissue lipids (experiment 4)

Diet BFodry 2Wx;t§e§i1sn FER Liver wt. Total lipidsLWer Cholesterol clf;lle-l:srtrzol
| Basal g % body wt mg/g tissue mg/100 ml -
(10% SPD) 13.8%1.3° 1.59+0.10°  5.82+0.13° 39.0+1. 6° 2.1+0.1° 84.0+8. 9o
2. Moa 35.643.0b 3.00+0.16°  5.60+0.16° 49.6+5, 3 2.1£0.1° 84.7%6. 1%
3. Moz 50. 0£4. 4° 3.76%0. 14° 5.52+0. 25 63.8+6.5° 2.540.1% 86.3+3.7°
4. Mos 46.3+2.7° 3.57+0.12% 5424017 86.5+3. 7¢ 2.940.2b 67.946. 5"
5. OMo. 20.3+3. 6° 1.86+0.22°  5.55+0.14° 45.8+3.6° 2.6£0.2%0 72,544, 20be
6. OMo. 21.3+1.1%%  2.1240.11%*  5.89+0. 14° 48.9+1.8%  2.4+0.1° 67.0%+2.8
7. OMos 21.9+3. 98 2.1140.20%  5.61+0. 08" 48.747.0%  2.140.1° 59.2+4.6

Each value represents the mean £=SEM of six rats.
are significantly different (p <0.01).
A : t-test from basal group (p < 0.05)

Means with different superscript small letters in a column
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Table 5. Plasma free amino acid concentrations in rats fed a 10% soy protein
isolate (SPI) diet and SPI diets supplemented with L-methionine or

oligo-L-methionine’

Group?

Amino acid

Basal Mo Mo.z Mo OMo. OMo.2 OMo.3

#mol/100 ml plasma

Tau 5.6 4.6 6.0 10.5 5.5 5.6 6.0
Asp 2.9 2.6 3.1 1.9 2.0 2.4 3.7
Pro-OH + 3.1 3.6 4.2 + 3.0 2.9
Thr 66. 4 19.2 5.6 5.0 57.3 53.1 44.6
Ser 72.4 35.4 27.0 22.8 57.3 51.5 49.0
Asn 10.4 10.0 7.3 6.7 9.2 9.0 9.6
Glu 14.7 15.5 13.1 11.0 12. 4 11.4 13.1
Gln 83.2 72.7 79.0 77.7 64.0 66.9 72.7
Pro 22.5 23.0 20. 9 25.0 22.4 24.3 21.9
Gly 23.2 26. 8 20.7 17.3 19.9 19.6 21.4
Ala 76.1 79.8 72.9 70.5 62. 6 72.3 69. 2
Cit 9.6 i 8.6 8.5 8.3 7.4 8.2
Alpha-ABA 0.6 0.8 1.4 1.8 0.9 0.5 0.6
Val 23.7 16.0 13.9 13.3 18.4 17.7 17.7
Met 3.2 3.5 4.2 6.1 2.8 2.8 3.1
Tle 11. 4 9.0 8.4 8.1 8.9 9.0 9.1
Leu 17.9 12.2 10.8 10. 2 13.5 13.2 13.6
Tyr 6.1 6.9 5.4 5.5 5.2 5.5 4.8
Phe 7.3 5.8 5.3 5.7 5.9 6.1 6.2
EtOH-NH2 1.8 1.6 1.7 1.5 1.3 1.6 1.5
Orn 28.8 23.2 19.8 27. 4 25.0 24.1 23.6
Trp 7.9 6.1 6.1 5.5 6.0 6.1 5.7
Lys 74.9 43.1 40.8 34.4 59.4 64.6 51.7
His 16.7 10.8 7.2 7.6 14.2 15.2 14.0
Arg 1.1 0.4 1.4 2.1 1.9 1.2 1.6

1 Determined for pooled samples from six rats/group. Blood was withdrawn from

the abdominal aorta.

2 M = L-methionine and OM = oligo-L-methionine. Subscripts represent dietary

levels of them added.
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Table 6. Conditions and yields of target amino acids in reactions of N-salicylidene-
glycinatoaquocopper (11), (S-G-Cu) with alkyl halides in dimethylformamide

Molar ratio

Molar ratio

Alkyl halide of Ao 2 of dencication
S-G-Cu : RX : KOH product/Gly

CHs-1 1:10:4.4
Alanine 0.02 PC, AAA
Sarcosine 0.07 PC, AAA
a-Amino-isobutyric a. 0.14 NMR, IR, AAA
Gly-Et ester 0.03 PC, AAA

(CHs3)2:CH*Br 1:14:4.5
Valine 0.01 PC, AAA
Gly-Et ester 0.58 PC, AAA
Gly-isopropyl ester 0.09 PC, AAA

(CHs):CHCHz+Br 1:10: 4.6
Leucine 0.003 PC, AAA
Gly-Gly 0. 003 AAA

1 PC = paperchromatography, solvent = BuOH : AcOH : H:0=4:1: 2, v/v.
2 AAA = High speed amino acid analyzer (Model 835, Hitachi).

Table 7. Reaction products of N-salicylideneglycinatoaquocopper (II) (S-G-Cu) with alkyl

halides in dimethylsulfoxide

Alkvl halide Molar ratio of Amino acid Molar ratio Method of
v S-G-Cu : RX : EtONa formed of product identification
(CHs)2:CHBr 1:1:10 valine 0.02 PC, AAA
(CH3)2CHCI 1:1:10 — —*
@CHZCI 1:1:10 phenylalanine 0.01 PC, AAA
phenylserine trace** PC, NMR, MS
CH3sSCH2CH2Cl 1:1:10 — —*

* Valine or methionine was not detected.

**  Unreacted glycine and phenylserine overlapped each other on aminograms.
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