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AI&act--Malformiu reacts with the sulfhydryl compouuds, cysteiue and /3-mercaptoethauol, to form au 
insoluble 1: 1 addition product. This reaction may explain the ability of thiol compounds to inhibit the 
activity of malformiu and suggests reaction of malformiu with thiol compouuds in vim 

INTRODUCTION 

A VARIETY of sulfhydryl compounds, such as cysteine, glutathione, and 2,3dimercapto- 
propanol, inhibit the promotion of corn root curvatures by malformin.’ We recently observed 
precipitation in solutions containing both malformin and cysteine, and report here on the 
nature of this reaction. 

RESULTS AND DISCUSSION 

When malformin A, a mixture of 83 per cent Ai (I) and 17 per cent AZ (II), was mixed with 
an excess of cysteine or p-mercaptoethanol in an aqueous solution containing dimethyl- 
sulfoxide, an amorphous substance began to precipitate within 10 min. Precipitation appeared 
complete after 24 hr. The substance obtained from malformin and cysteine or /3-mercapto- 
ethanol was insoluble in 1 N NaOH or 1 N HCl, and in many organic solvents, but dissolved 
in trifluoroacetic acid. Dilution of solutions in trifluoroacetic acid with water resulted in 
immediate precipitation. The malformin-cysteine compound reacted with ninhydrin, 
indicating the presence of an amino group, but the malformin-fi-mercaptoethanol substance 
did not. Neither compound reacted in the nitroprusside test for sulfhydryl groups; both 
reacted in the test for the disulphide group. 2 Both compounds remained at the origin when 
chromatographed on paperusing phenol : water (7 : 3) or n-butanol-acetic acid-water (4 : 1: 2) 
and on TLC plates using ethyl acetate saturated with water. The compounds were detected 
with ninhydrin, iodine or nitroprusside for disulphide. Neither malformin A, nor A2 was 
detected by TLC of the addition products, indicating the latter was not contaminated with 
the former. 

The molecular weight of the malformin-cysteine substance determined by the Signer 
method, was approximately 700. Elemental analysis was in agreement with that of a mixture 
of C26H4607N6S3 (malformin Ai-cysteine, m.w. 651, 83 per cent) and C2SH4,07N& 
(malformin A+ysteine, m.w. 637, 17 per cent) for the malformin+zysteine substance, and 

+ Part VII iu the series, “Chemical Studies on Malformiu.” 
t Sagami Chemical Research Center, Sagamiham, Kauagawa, Japan. 

* S. SUDA and R. W. Cuarrs, PIant Physiol. 39,904 (1964). 
a G. TOENNIES and J. J. Ko~e, Anal. Chum. 23,823 (1951). 
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with that of a mixture of CZSHJs06N& (malformin A,-B_mercaptoethanol, m.w. 608, 
83 per cent) and CZ~H~~O~N& (malformin A+mercaptoethanol, m.w. 594, 17 per cent) 
for the malformin-fi-mercaptoethanol substance. These formulae represent 1: 1 addition 
products of malformin A, and AZ with the thiol. When the malformin-cysteine adduct was 
oxidized with performic acid, cysteic acid was detected by paper chromatography; performic 
acid oxidation of malformin did not liberate cysteic acid. 

Thiol-disulphide exchange reactions are known to occur when disulphides, XSXX, are 
mixed with thiols, RSH, as in reactions (1) and (2)’ When the cyclic disulphide malf’ormin, 

i&L&f, is 
XS-SX + RSH + XS-SR i- XSH (1) 

XS-SR + RSH + RS-SR + XSH (2) 

mixed with a thiol, RSH, reaction (3) appears likely. If the 

M&hSH -f i&is-SR 4 (3) 

1: 1 addition product of malformin and thiol is insoluble it will precipitate readily. We sug- 
gest that the reaction of malformin with thiols is expressed in reaction (4) and that the addition 
product has the structure III. 

‘eu I ‘-b-SR 
+RSH __+ I 

ileu,zs/H 
(4) 

0 (Ad (HI) 
R - CH&H(NH&OOH or CH2CH20H 

The mass spectra of malformin+ysteine and malformin-/3-mercaptoethanol were essen- 
tially identical. Major ion peaks in the higher mass region were m/e 561, 547,529,515,497 
and 483. m/e 529 (A,+) and m{e 515 (A,+) are indicative of ions of malformin Ai (I) and AZ 
(II), respectively. m/e 561 indicates the presence of malformin A, plus one sulphur (A,+ + 32), 
m/e 547 is A2 plus one sulphur (A*+ + 32), m/e 497 is A, minus one sulphur (A,+ - 32), and 
m/e 483 is AZ minus one sulphur (A,+ - 32). The ions m/e 561 and 497, which are not found 
in the mass spectrum of malformin itself, may be illustrated as IV and V or their equivalents, 
respectively. The ions, “three-sulphur malformin” (IV), “two-sulphur malformin” (I), and 
“one-sulphur malformin” (V) presumably originate from compound III. The parent peaks, 
m/e 650 (malformin Ai-cysteine) and m/e 636 (malformin A+ysteine) or m/e 607 (mal- 
formin A,-fi-mercaptoethanol) and m/e 593 (malformin A&3-mercaptoethanol), may not 
have been observed because of ion instability. Insolubility of the addition products may also 
have precluded the nitroprusside test for sulfhydryl groups. 

3 N. KWRASCH, Orgad Sulfur Compounds, Vol. 1, p. 87, Pergamon Press, New York (1961). 
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Both addition products were tested for biological activity in the corn root curvature 
test.’ Because of their insolubility, they were used as a suspension in trifiuoroacetic acid and 
water. Their biological activity was approximately l/10 that of malformin itself. 

When 2 pmoles of malformin (1 mg in 1 ml) were mixed with 0.2 or 1 pmole of cysteine in 
O-1 and 0.5 ml of water, and allowed to stand for 24 hr, approximately 75 and 93 per cent, 
respectively, of the original biological activity in the supernatant was lost. Similar results 
were obtained using /3-mercaptoethanol. If malformin reacts only by a 1: 1 addition with 
the thiol, the decline in activity should have been no greater than 10 and 50 per cent, respec- 
tively. Under conditions of limiting thiol quantities, the reaction of malformin with thiols 
may be more complex than simple 1: 1 addition. 

To determine if thiols inhibit malformin in vivo, corn seeds were germinated in the pres- 
ence of various concentrations of b-mercaptoethanol for 32 hr, rinsed, transferred to Petri 
dishes containing filter paper moistened with O-1 mg/l. malformin, and incubated for 40 hr. 
Pre-treatment with 8 x lob3 M fi-mercaptoethanol reduced approximately 80 per cent corn 
root curvatures induced by malformin. In similar experiments, cysteine pre-treatment had 
no effect. 

A close relationship between sulfhydryl compounds and plant-growth processes has been 
demonstrated.5 Numerous growth regulators or inhibitors combine with sulfhydryl groups. 
a&Unsaturated lactones, which inhibit plant growth,6* ’ react with cysteine and related 
compounds with the formation of ring compounds. * Maleic acid, which combines with 
numerous thiols,9 reacts with protein thiol groups and thereby inhibits succinic dehydro- 
genases.‘O 2,3,5-Triiodobenzoic acid, which inhibits auxin transport, reacts with glutathione, 
presumably forming a thio-ether. Maleimids, iodoacetate and p-chloromercuribenzoic acid 
react similarly. I’ Heliangine, a natural growth inhibitor which promotes root formation, 
forms an addition product with cysteine. i2 The reaction of malformin with thiols by thiol- 
disulphide exchange differs from the reaction of other growth regulators with sulfhydryl 
compounds. The malformin reaction explains, in part, the ability of sulfhydryl compounds 
to inhibit malformin activity. Furthermore, the reaction offers insight for studies concerning 
the mode of action of malformin. 

EXPERIMENTAL 
Malformin-Cysteine AaVition Product 

r_-Cysteine, 121 mg (1 mmole) in 5 ml water, was added to malformin A, 53 mg (ml mmole), in 50 ml 
diiethylsulfoxide-water (1: 9, v/v). Precipitation was observed within 10 min. After 24 hr the amorphous 
4 R. W. Cuims, Science Us,661 (1958). 
s K. V. Tnumm, Biol. Bull. 96,296 (1949). 
6 R. H. GOODWIN and C. TAVES, Am. J. Bot. 37,224 (1950). 
’ H. VELDSIRA and E. I-h'INGA, Enzymologia 11,373 (1945). 
* C. J. CAVALLITO and T. H. IIASKEU, J. Am. Chem. Sk. 67,1991(1947). 
9 E. J. MORQAN and E. FRIEDMAN, Biochem. J. 32,733 (1938). 

10 F. G. HOPKINS, E. J. MORGAN and C. LUTWAK-MANN, Biochem. J. 32,1829 (1938). 
‘1 A. C. LEOPOLD and C. A. PRICE, PImrt Physiol. 32,520 (1957). 
la H. &UBAOKA, M. f%IMOKORNAMA. s. hlUCHIJIMA and S. TAMURA, Plunt Cell Physiol. 8,297 (1967). 
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precipitate was centrifuged, washed with water and 0.5 N HCl to remove cysteine, Shered through sin&red 
glass, washed, and dried over NaOH. [a]% = + 135” (after 1 hr), + 141” (after 5 days), + 131” (after 10 days) 
(c. = 1, CFICOzH). Because the optical rotation did not change with time, the possibility that malformin had 
been converted to less-active conformation III, as reported earl&i3 was excluded. The mol. wt. (approx 
700) was determined by the Signer method ush& CFsCOIH as solvent and axobenxene as standard. Found: 
C, 47.77; H, 6.93; N, 1266; S, 1470. Required for a mixture of CpcI&O,N& (83 Q and G5H,,0,N6S) 
(17x), the 1: 1 addition products, respectively, of malformin A, and A2 with cysteme: C, 47.84; H, 7.09; N, 
12.96; S, 14.83. Relative intensity of mass spectrum peaks were 3.1 (m/e 594), 21 (m/e 561), 4.8 (m/e 547). 
100 (m/e 529), 20 (m/e 515), 57 (m/e 497) and 14 (m/e 483). m/e 594 remained unexplained, presumably due to 
impurities. Malformin also reacted with cysteine when methylcellosolve-water or acetic acid-water were 
used as solvents. 

Malformi~@nercaptoethanol Addition Product 
,9-Mercaptoethanol, 78 mg (1 mmole) in 5 ml water, was added to maformin A, 53 mg (0.1 mmole), in 

50 ml dimethylsulfoxide-water (1: 9 v/v). After 24 hr the precipitate, 38 mg, was processed as described. 
[a]F = + 167” (after 1 hr), + 170’ (after 5 days), + 186” (after 15 days) (c. = 066, CF,CO*H). Found: 
C, 49.55; H, 746; N, 11.71; S, 15.70. Required for a mixture of Ca5H4506N5S3 (83 %) and C&I,30eN5S3 
(17x), the 1: 1 addition products, respectively, of malformhr A, and A1 with fi-mercaptoethanol: C, 49.25; 
H, 7.43; N, 11.57; S, 15.88. Rehtive intensity of mass spectrum peaks were 19 (m/e 561), 3.3 (m/e 547), 100 
(m/e 529),17*5 (m/e 515), 80.5 (m/e 497), and 17 (m/e 483). 

Biological Activity of the Addition Products 
Malformin-cysteine addition product, 20 mg, was dissolved in 2 ml CF&O,H. O-2 ml of the solution was 

added slowly with stirring to 20 ml water, forming a suspension of the adduct (100 ppm). The suspension was 
diluted and used in various concentrations in the corn root curvature assay.’ The optimum concentration of 
the adduct, which induced curvatums on more than 80% of the roots, was 0.8 and 1.6 ppm; the optimum 
concentration of malformin A is approximately 0.1 ppm. The solvent, CFsCOzH, had no effect at concentra- 
tions of the adduct below 10 ppm, but was inhibitory at higher concentrations. The malformin-j?-mercapto- 
ethanol addition product was tested in the same manner with similar results. 

Acktwwle&etnents-Journal Paper No. 3770 of the Purdue Agricultural Experiment Station. This work was 
supported by grant GE7158 from the National Science Foundation and grant E-146-F from the American 
Cancer Society, Inc. 

I3 K. ANZAI and R. W. Cuxrrs, Phytochem. 4,713 (1965). 


