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Chemical Structures and Physiological Activities of
Plant Growth Substance, Malformin A’s
Kim K.W.*

ABSTRACT

Four malformin A’s produced by Aspergillus niger van Tiegh. were separated by HPLC
equipped with Ci3 reversed-phase column and subjected to structural determination. Amino acid
analyses and mass spectra data of the compounds indicate that they structurally resemble the
cyclic pentapeptide malformin A;. Their structures were deduced by two dimensional NMR and
MS/MS experiments as cyclo-D-Cys-D-Cys-L-Val-D-Leu-L-Ile for A;, cyclo-D-Cys-D-Cys-L-Val-D-
Leu-L-Val for Aj, cyclo-D-Cys-D-Cys-L-Val-D-Leu-L-Leu for A; and cyclo-D-Cys-D-Cys-L-Val-D-
lle-L-Val for As; Among the mal-formin A’s, the structure of A; was identical to that of
malformin C, which was produced by A. niger strain AN-1. All the malformin A’s caused severe
curvatures of com(Zea mays L.) roots and the activities of the malformin A’s with molecular
weight 529 were greater than those with molecular weight 515. Malformin A; caused the com
root curvature by 83% at a concentration of 0.25 #M. In the mung bean(Phaseolus aureus Roxb.)
hypercotyl segment test, however, the molecular weight of malformin A’s was not a factor
influencing the physiological activities. Malformin A, stimulated the growth of mung bean
hypercotyles by 165% at a 0.1 M concentration.
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'H-NMR(DMSO-dq) : & 8.87(1H, d, J=4.03Hz),
8.61(1H, d, J=6.60Hz), 7.96(1H, d, J=8.79Hz),
7.41(1H, d, J=9.16Hz), 7.13(1H, d, J=10.99Hz),
4.74(1H, dt, J=4.40, 10.99Hz), 4.49(1H, dt, J=
6.23, 9.16Hz), 4.01(1H, d, J=3.67, 6.60Hz),
3.95(1H, d, J=9.16Hz), 3.90(1H, dd, J=6.60,
10.26Hz), 3.53(1H, dd, J=3.30, 14.65Hz), 3.28
(2H, m), 3.17(1H, dd, J=3.30, 14.29Hz), 2.06(1H,
m), 1.72(1H, m), 158(1H, m), 1.54(1H, m),
1.40(2H, m), 1.17(1H, m), 0.92-0.79(18H, m)

BC-NMR(DMSO-ds) : 81737, 1727, 1724,
170.4, 169.6, 58.6, 57.8, 52.8, 52.3, 50.3, 46.1,
450, 40.6, 340, 268, 246, 243, 225, 216,
19.4, 18.4, 147, 9.8

LC/MS : my/z 547.2(MNH,"), 530.1(MH"), 498.1,
464.2, 369.1, 324.1, 209.1

MH'2] MS/MS : m/z 530.1(MH"), 501.9, 417.1,
372.3, 343.8, 304.3, 227.1, 213.3, 199.2

HRMS  m/z(M") : C23H39N505S,,
5292392, Al &3] 5292411

2t E 1] Ax2).

'H-NMR(DMSO-ds) : §8.75(1H, d, J=4.28Hz),
8.46(1H, d, J=6.71Hz), 7.73(1H, d, J=8.54Hz),
7.43(1H, d, J=9.15Hz), 7.15(1H, d, J=10.99Hz),
4.73(1H, dt, J—4.89, 10.99Hz), 4.47(1H, dt, J=
6.72, 9.15Hz), 3.99(1H, dt, J=3.66, 7.32Hz),
3.94(1H, dd, J=9.15, 9.77Hz), 3.82(1H, dd, J=
7.32, 9.77Hz), 3.52(1H, m), 3.25(2H, m), 3.20
(1H, m), 2.04(1H, m), 1.86(1H, m), 1.60(1H, m),
1.41(2H, m), 092(3H, d, J=4.88Hz), 0.90(3H,
d, J=6.71Hz), 0.89(3H, d, J=6.11Hz), 0.85(3H,
d, J=6.72Hz), 0.84(3H, d, J==6.71Hz)

LC/MS : m/z 533.1(MNH;"), 516.2(MH"), 484.1,
4542, 355.1, 310.1, 256.1, 215.2, 195.1, 153.1

MH'2] MS/MS : m/z 516.0(MH"), 459.1, 417.2,
371.7, 304.4, 2604, 221.8, 213.2, 185.2

HRMS  m/z(M") : C2H3:NsO5S;, o] &%
515.2235, A =3 515.2227

ZFET] A; (3).

'H-NMR(DMSO-ds) :

o] & 3]

& 8.76(1H, d, J=3.66Hz),
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8.45(1H, d, J=6.1Hz), 7.69(1H, d, J=8.85Hz),
7.37(1H, d, J=8.85Hz), 7.13(1H, d, J=10.99H2),
4.74(1H, dt, J=5.19, 10.07Hz), 4.44(1H, dt, J=
5.79, 9.15Hz), 4.20(1H, d, J=8.85Hz), 3.95-
3.90(2H, m), 3.52(1H, dd, J=3.05, 14.95Hz),
3.35-325(2H, m), 3.23(1H, m), 2.03(1H, m),
1.60(2H, m), 1.51(1H, m), 1.42(2H, m), 1.37(1H,
m), 0.92-0.80(18H, m)

FAB/MS : m/z638.3(MC;Hy0,8"), 530.3(MH"),
4339, 337.0, 293.0, 224.8, 207.0

MH"2] MS/MS : m/z 530.3(MH"), 502.1, 434.0,
417.1, 389.1, 372.0, 344.1, 318.1, 304.0, 259.0,
231.1, 199.1, 185.1

HRMS m/z(MH") : C2:H3gNsOsSa,
529.2392, Al&x] 529.2387

4 E 7 Add).

'H-NMR(DMSO-de) : & 8.95(1H, d, J=3.67Hz),
8.61(1H, d, J=6.41Hz), 839(1H, d, J=824Hz),
7.25(1H, d, J=9.15Hz), 6.95(1H, d, J=11.6Hz),
472(1H, dt, J=4.57, 11.9Hz), 4.20(1H, dd, J=
7.93, 8.85Hz), 4.00(1H, m), 3.97(1H, dd, J=
9.15, 10.69Hz), 3.93(1H, dd, J=6.1, 9.76Hz),
3.56(1H, m), 3.34(2H, m), 3.17(1H, m), 2.07(1H,
m), 1.77(1H, m), 1.73(1H, m), 1.54(1H, m), 1.21
(I1H, m), 0.90-0.77(18H, m)

FAB/MS : m/z _624.3(MC,H9023*), 516.3(MH"),
434.0, 337.1, 277.2, 224.8, 207.0

MH" 2] MS/MS : m/z 516.3(MH"), 488.4, 462.3,
417.2, 403.1, 372.0, 358.1, 318.0, 304.0, 2760,
259.0, 2309, 199.1, 185.1, 171.2

HRMS m/z(MH") : C22H37N;5058S,,
515.2235, A& %] 515.2218
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Fig. 1. Analysis of crude malformin A by reversed-
phase HPLC.
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Table 1. Results of amino acid analyses and molecular weights of malformin A’s

Malformin Amino acid M Molecular formula
Al Val (1) : Leu (1) : Ile (1) : Cys (2) 529 C23H39Ns0sS;
A2(2) Val (2) : Leu (1) : Cys (2) 515 C2:H37NsOs8S;
As(3) Val (1) : Leu (2) : Cys (2) 529 C23H39N5058:
As4) Val (2) : lle (1) : Cys (2) 515 C22H37Ns0sS:

Table 2. Partial proton NMR assignments for malformin A’s by 'H-'H COSY experiments

Amino acid NH CHCO CH or CH; of side chain
A (1)
Cys 2 8.87 4.01 3.53(CHa,), 3.17(CHap)
Ile 8.61 390 1.72(CH), 1.54(CHa,), 1.17(CHa)
Val 7.96 3.95 2.06(CH)
Leu 7.41 449 1.58CH), 1.40(CH>)
Cys 1 7.13 474 3.28(CH,)
Al (2)
Cys 2 8.75 3.99 3.52(CHz), 3.20(CHz)
Val 2 8.46 3.82 1.86(CH)
Val 1 7.73 394 2.04(CH>)
Leu 7.43 447 1.60CH), 1.41(CHy)
Cys 1 7.15 4.73 3.25(CHa)
A (3
Cys 2 8.76 3.95—3.90 3.52(CHz,), 3.23(CHaz)
Leu 2 8.45 420 1.6(CH), 1.51(CHz.), 1.37(CHa)
Val 7.69 3.95—3.90 2.03(CH)
Leu 1 7.37 4.44 1.60CH), 1.42(CHy)
Cys 1 7.13 4.74 3.35—3.25(CHy)
A 4
Cys 2 8.95 4.00 3.56(CH2.), 3.17(CHz)
Val 2 8.61 3.93 1.73(CH)
Val 1 8.39 3.97 2.07(CH)
Ile 7.25 4.20 1.77CH), 1.54(CHz.), 1.21(CHa)
Cys 1 6.95 4.72 3.34(CH>)

Chemical shifts are expressed as & ppm from TMS in DMSO-ds.
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Fig. 2. Structure of malformin A, and A..(A, R=
CH,CH; ; A;, R=CH3;). Arrows represent
the observed NOE in the NOESY spectra
of A; and A..

2H e s FA otrleal AH7]e] NHE
] 47)9) 3}8HH(Cys : SCHy, Val : CHMe,
Ile : CH, Leu: CHy7t#] 2] AZo] #ZE it
olo} 2& A H-NMRAUF o3 559
ofelxAl zt7|o] EA7} kA sA ) Al
7212 9v|&], "°C broad-band~® =7, 'H-''C
COSY, HMBC#]| sl oA A7) e A3} 7
A5} 5782 carbonyl®FA¥ = Fo| S
169.6(Val), & 170.4(Leu), ¢&172.4(le), &172.7
(Cys 2) % §173.7(Cys Del| A Yelsten, 57)
o) - AT IEE §503(Leu), §52.3(Cys 2),
552.8(Cys 1), §57.7(Ile) X & 58.6(Val)ell 4
F&=H9doh. 2Bl §9.8(Ile-5CH;), 147
(Leu- 6 CH3), 18.4(Leu- 6 CHs), 19.4(Val- y CH3),
21.6(Val- y CHs), 22.5(Ile- y CHs), 24.3(Leu- 7
CH), 24.6(lle- y CH,), 26.8(Val- 3CH), 34.0(Ile-
B CH), 40.6(Leu- 3CH,), 45.0(Cys 2-SCHy %2
46.1(Cys 1-SCHpol|4] alkylst 459 = =z7} 3
ZEdoh 229 A9 ofulxdl wide F7
Hog AR 9z FAC sl= F42E5E
A ¢ 2w 2AUNOESY(L™ 2)od 98] Z
A=t 23 A, Cys 29
8.87)2} Med| @ -methines4x(83.90)7F, e
amide-T4(6 8.61)9 Leu® ¢ -methine4:(8
4.49)7}, Leu?] amide<s+4(8 7.41)2} Vale] ¢-
methine<F3:( § 3.95)7F, Val®] amide24( 5 7.96)
9} Cys 18] @ -methine5=4:(84.74)%7F, Cys 29

amideT4( 8

_78_



D-Leu

N

D-Leu

N

L-Val/

D-Leu D-lle
yd
L-Leu L-val L-V(I/ \L/-Val
D-Tys—D-Tys D-(I:ys-D-CI:ys
S —~—-3 S ——3S
3 (A3) 4 (Ajg)

Fig. 3. Structures of malformin Ai(1), Ax(2), Ax(3), and As(4)
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Table 3. Partial assignment of the fragmentation from MS/MS experiments.

Malformin MH’ m/z(-AA 3) m/z(-AA 2)
Ay (1) 530 417 (-Ile) 304 (-Leu)
Az (2) 516 417 (-Val) 304 (-Leu)
Az (3) 530 417 (-Leu) 304 (-Leu)
Ay @) 516 417 (-Val) 304 (-lle)
AA, AAz\
7 N
AA3 AA«] AA1 AA1
Cys,~-Cys; ————— Cys,-Cys; ——m_ Cys,~-Cys,
T L T

Fig. 4. Possible interpretation of the fragmentation of malformin A’s in the MS/MS experiments.
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Fig. 5. Com root curvatures induced by malformin
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Fig. 6. Effect of malformin A’s on com root cuva-
ture. Seeds were germinated on filter paper
moistened with the test solutions at 28T
for 3 days.
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