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Inhibitory Effects and Mechanisism of Fumaric Acid on
Hydrogen Sulfide Generation by Heating Sulfur-containing
Compounds or Substances

Hiromitsu Osada

The inhibitory effects of fumaric acid on hydrogen sulfide generation by heating sulfur-
containing compounds or substances without cysteine. were investigated. Hydrogen sulflide
generation from cysteamine, cysteine methyl ester, cysteine ethy! ester. onion, radish and egg
white was remarkably inhibited by fumaric acid. while the generation from dimethy! sulfide,
methyl mercaptan and glutatione was considerably inhibited. though to a somewhat lesser extent.

The main amino-containing compound formed by heating a mixture of cysteine and reducing
sugar was cystine. When cysteine was heated with potassium bromide or sodium sulfate, eysteic
acid and cystine were formed. And when cysteine was heated with chloroacetic acid or formal-
dehyde, S-(carboxymethyl)-cysteine and thiazolidine-4-carboxylic acid containing a C-S bond
were formed, respectively.

Key words : sulfer-containing compound, hydrogen sulfide, inhibitory effect, inhibitory mechanism.
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Cysteine hydrochloride + chloroacetic acid (1 : 1M, pH9.0)
Cysteine hydrochloride + formaldehyde (1 : 1 M, pH3.8)
| heated at 115 for 80 minutes.
Electrodialysis
| concentrated by reduced pressure.
Treatment with ion exchange resin.
(Dowex 50 W X 8 HY)
washed with water.
eluted with 10% HCI.
Electrodialysis
concentrated by reduced pressure.
added ethyl alecohol.

Crystals

Fig. 1. Crystallization of products formed by heating 2 mixtwre of cysteine
and chloroacetic acid and/or formaldehyde.
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Table 1. Inhibitory effects of fumaric acid on hydrogen sulfide generation by heating
sulfur-containing compounds and substances.

Sulfur-containing compounds Fumaric acid Hydrogen sulfide
and substances (M or g) (1g/100g)
Glutatione (0.1M) 0 347

0.1 67
Cysteamine (0.5M) 0 157

0.5 0
Cysteine methyl ester {(0.5mM} 0 532

0.0005 88
Cysteine ethyl ester (0.5mM) 0 544

0.0005 4
Dimethyl sulfide { 1 M) 0 367

I 151
Methyl mercaptan ( 1 M) 0 25

1 6
Onion (10g) 0 339

1 22
Radish (10g) 0 166

1.5 5
Egg white (10g) 0 1,590

3 145

Each solution was adjusted to pH 7.0, and after heating at 115C for 80min., hydrogen sulfide was
determined by Almy's method.

Table 2. Amino-containing products formed by heating cysteine and various compounds.

Amino-containing producis

Compounds RT:Min*L.. (nM/ml)
Formaldehyde 19.68(117.2)"%, 38.24(31.9)*5
Acetaldehyde 25.89(17.7)*3, 38.26(90.0)

Potassium bromide 6.50(208.5)%, 19.92(12.0), 34.56(51.8)%
Sodium sulfate 6.34(67.1), 25.68(24.2), 36.8(24.0)
Chloroacetic acid 13.85(85.2)%, 26.08(23.4), 38.18(47.6)
Malic acid 25.75(26.3), 38.18(60.9)

Succinic acid 26.02(25.0), 38.21{38.21)

Acetic acid 26.08(23.2), 38.18(77.09)

Pyruvic acid 6.72(13.7), 25.65(14.6), 37.92{18.7)
Glycolic acid 26.0(28.7), 38.18(56.0)

Glutamic acid 22.85(997.9)", 25.81(35.6), 38.42(91.1)
Glucose 26.0(28.7), 38.18(56.0)

Fructose 25.84(26.9), 38.21(55.3)
Clucuronolacione 25.97(22.8), 38.24(11.7)

Each solution (1mM/100ml} was adjusted 1o pH 7.0, and after heating at 115°C for 80min., retention time
of the acid-containing product was determined by amino acid analyzer.
*IRT :retention time. *2:Unknown amino acid. *3:Cysteine. ™:Cysteic acid, **; Cystine, ®:Glutamic acid.
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Fig. 2. HPLC chromatogram of the producis formed by heating 2 mixture
of cysteine and chloroacetic acid and/or formaldehyde.

1 :The product formed by heating a mixture of cysteine and
chloroacetic acid.

2 : The product formed by heating a mixture of cvsteine and
formaldehyde.
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Table 3. Physical and chemical properties of products formed by heating a mixture of cysteine and
chloroacetic acid and/or formaldehyde.

Physical and chemical properties

A® B*
pH (0.01M solution} 2.95 4.12
Solubility in: Water +*1 + 1
Qrganic solvent — —
Ninhydrin reaction + +
Nitropursside reaction +* +*2
Hydrolysis*3 + +

A:The product formed by heating a mixture of cysteine and chloroacetic acid.
B :The product formed by heating a mixture of cysteine and formaldehyde.
*1:Soluble in hot water.

*2.By adding of metallic sodium.

*3.The product was heated at 115C for 2 hours in 6 N HCl solution.

Table 4. Elementary analysis of the products formed by heating a mixture of cysteine and chloroacetic
acid and/or formaldehyde.

Experimental values (%)

Elements

AT B*
C 32.7 36.0
H 5.0 5.3
N 7.6 10.5
0 16.7 22.9
S 35.6 25.6

A:The product formed by heating a mixture of eysteine and chloroacetic acid.
B:The product formed by heating a mixture of cysteine and formaldehyde.
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Fig. 3. Mass spectra of the product formed by heating a mixture of
cysteine and chloroacetic acid.
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Fig. 4. Mass spectra of the product formed by heating a mixture of
cysteine and formaldehyde.
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HOOC—H:C—S—CH2—CH—CQCOH
|
NHz
(CsHe«O4NS)

S-(carboxymethyl)-cysteine

H2C——CH—COOH
l I
S NH

\C /
H:
{CsH70:2NS)

Thiazolidine-4-carboxylic acid

Fig. 7. Structural formulas of the products formed by heating a mixture of cysteine and
chloroacetic acid and/or formaldehyde.

—heated” Cystine, hydrogen sulfide.

—added fumaric acid —————— $-(1, 2-dicarboxyethyl)-cysteine, cysteic acid, cystine.
and heated*®

—added formaldehyde —=——— Thiazolidine-4-carboxylic acide.
and heated” cysiine.

. —added chloroacetic acid ——— S-{carboxymethyl)-cysteine.
Cysteine — - \

and heated cystine.

—added potassium bromide ——— Cysteic acid, unknown amino-containing compound.
and heated”

—added sodium sulfate ——  Cysteic acid, cystine, hydrogen sulfide.
and heated*

—added reducing sugar ————— Cysteic acid, cystine, hydrogen sulfide.
or organic acid and
heated”

Fig. 8. Changes in cysteine by heating.
+  heated at 115°C for 80 minutes.
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