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

ABSTRACT

Six malformin B’s produced by Aspergillus niger van Tiegh. were separated by HPLC. Their
structures determined by the methods of amino acid analyses, mass spectrometry, and two-dimen-
sional NMR were revealed as cyclic pentapeptides structurally related to malformin A,. Both the
NMR and MS/MS data suggest that the respective structures of separated malformin B’s were as
follows; cyclo-D-Cys-D-Cys-L-Val-D-Leu-L-allo-lle for Bi,, cyclo-D-Cys-D-Cys-L-Val-D-Leu-L-Leu
for B, cyclo-D-Cys-D-Cys-L-Val-D-Val-L-Leu for B, cyclo-D-Cys-D-Cys-L-Val-D-1le-L-Leu for
Bs, cyclo-D-Cys-D-Cys-L-Val-D-lle-L-Ile for B4, and cyclo-D-Cys-D-Cys-L-Val-D-Val-L-Ile for Bs.
Among the malformin B’s, the structure of By, was the same as that of malformin A; or C. All
the malformin B’s showed physiological activities in the two assay systems using corn(Zea mays
L) roots and mung bean(Phaseolus aureus Roxb.) hypercotyl segments. The malformin B’s with
molecular weight 529 were more effective for inducing corn root curvature than those with mole-
cular weight 515. The difference in molecular weight of malformin B’s, i.e., the retention time on
HPLC, results in the polarity change of the whole malformin molecule which affects the revealation
of the malformin activities. In addition, the disulfide form of the malformin B’s gives the rigidity
of the molecule, whereas the combination of the fourth and the fifth amino acid resi-dues provides
the optimal three-dimensional configuration to the malformin receptor of plants. Presumably, these
two factors are appeared to be essential for the greatest physiological acti-vity of malformin B’s.
Malformin B, caused the corn root curvature by 90% at a concentration of 0.25 M. However,
such differential activities with molecular weight of 529 or 515 of malformin B’s were not found
in the mung bean hypercotyl segment test. Maximum stimulation of mung bean hypercotyl growth
was observed at 0.1 M concentration of malformin B’s. The growth of the segments treated with
Bs was 154% greater than that of the control.
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FEHFE F, 1008 FRFE SHAIHCL
o 71l 3.6 M FDAA(1-fluoro-2,4-dinitrophenyl-
5-L-alanine amide)®} 1M NaHCO;&<] 10p¢E
7heted 40T 2 147 7hd - sbsbsdel A2
ol 4 Wztgl uh-ggHo 10ue2] 2M HClLE 7}
ZAJIRA] L G S S A E T A ]

Bk & 482 100 DMSOe]| 347 HPLC
& BAxgz dedrd. 72 X 3% Senshu Pak
ODS H-3151(10 X 250mn, Senshufigh)zd=l, &%
2m¢/min®] MeOH-H,O-AcOH(70 : 30 : 0.1)o] ¢
st #elHded, 7 J2e UV 340mz 7
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7t Hze) R HE
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FDAA # X2 HPLC

2 ¥4 By, Rt(min) : 6.18(L-Val), 7.04(L-allo-
Ile), 15.00(D-Leu)

2 Z 9] By Rt(min) : 6.14(L-Val), 8.47(L-Leu),
15.84(D-Leu)

¥4l B, Rt(min) : 6.18(L-Val), 8.56(L-Leu),
10.32(D-Val)

4o

4. 717 o
NMR~#l 8] & JEOL JNM GSX4003} GX
5000 9]sf &3 stgl o, &2+ DMSO -ds
& AHg3tedvh. 3} =9 A (chemical shift) k-2,
W E 5] TMS(tetramethylsilane)Z 7| £ 22
slod 5 (ppm)22 HA8eirt. COSY(correlation
spectroscopy) ¥ NOESY(nuclear Overhauser and
exchange spectroscopy)®} Z-2 23-4NMR A 3¥
£ JEOL GX400¢]| 23] =~3)8}3itt. Mass~
E 22 Finnigan MAT INCOS 50 = HITACHI
M-80(HRMS : high resolution mass spectrometry)
£ Apg3le] gt LOMS/MS+E Finnigan Mat
TSP 70B3 g Al7]|E, 18] FAB/MS/MS
+ Finnigan Mat TSQ-700% #He&E X715 A}&
stk =g, o}vlcAb®zA) L Hitachi 8353
ofv] Ak 7)o 2] sl FaPstglct.
ZrZ 7 B, (1)
'H-NMR(DMSO-ds) : 4 8.86(1H, d, J=3.67Hz),

8.55(1H, d, J=6.11Hz), 8.18(1H, d, J=8.54Hz),
7.15(1H, d, J=8.85Hz), 7.07(1H, d, J=10.99Hz),
476(1H, dt, J=1.52, 10.37Hz), 4.37(1H, dt, J=
3.06, 9.16Hz), 4.25(1H, m), 4.02(1H, d, J=9.76
Hz), 4.00(1H, m), 3.56(1H, d, J=12.51Hz), 3.18
(2H, m), 3.17(1H, m), 2.09(1H, m), 1.63(2H, m),
1.61(1H, m), 1.56(1H, m), 1.36(1H, m), 1.14(1H,
m), 0.95-0.80(18H, m)

FAB MS : m/z 638.4(MC3Hs0.8"), 530.3(MH"),
391.0, 307.1, 293.0, 263.1, 235.0, 201.0

MH'®) MS/MS : myz 530.1(MH’), 502.2, 485.2,
459.3, 434.0, 417.2, 389.2, 372.1, 3442, 318.1,
304.1, 259.0, 231.0, 199.2, 185.1

HRMS  m/z(M7) : C23H39N;505S,,
5292392, A& x| 529.2388

ZEZ9l By (2).

'H-NMR(DMSO-ds) : § 8.76(1H, d, J=3.66Hz),
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=10.99Hz),
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-
3.25(2H, m), 3.23(1H, m), 2.03(1H, m), 1.60(2H,
m), 1.51(1H, m), 142(H, m), 137(1H, m),
0.92-0.80(18H, m)

FAB MS : m/z 638.3(MC3Ho0:S"), 530.3(MH"),
433.9, 337.0, 293.0, 224.8, 207.0

MH"S] MS/MS : myz 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(M") : C23H31oNs05Ss,
5292392, A =x 529.2387

Zx7l B (3).

'H-NMR(DMSO-dq) : 6 9.01(1H, d, J=4.15Hz),
8.61(1H, d, J=6.35Hz), 8.34(1H, d, J=8.54Hz),
726(1H, d, J=9.52Hz), 7.00(1H, d, J=10.98Hz),
473(1H, dt, J=3.66, 10.99Hz), 4.23(1H, di, J=
6.1, 928Hz), 4.17(1H, dd, J=8.06, 8.79Hz),
3.97(1H, dd, J=8.54, 10.5Hz), 3.97(1H, m), 3.53
(I1H, m), 3.30(1H, dd, J=11.48, 14.89Hz), 3.16
(1H, m), 3.13(1H, m), 2.05(1H, m), 1.77(1H, m),
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1.58(1H, m), 1.25(1H, m), 0.95-0.80(18H, m)

FAB MS : m/z 624.3(MC3Hs0,S"), 516.3(MH"),
484.3, 419.2, 371.0, 327.0, 312.8, 293.0, 249.0,

235.0
MH"¢] MS/MS : m/z 516.2(MH"), 471.1, 462.2,

417.1, 403.1, 372.1, 358.1, 318.0, 304.0, 259.0,
231.0, 199.0, 185.1, 171.1
HRMS  m/z(M") : C3:H37N5OsS;, o] &3

5152235, Al &x] 515.2231
o xul By (4).
'H-NMR(DMSO-ds) : 8 8.73(1H, d, J=3.97Hz),

8.46(1H, d, J=6.41Hz), 7.73(1H, d, J=8.54Hz),

7.37(1H, d, J=8.85Hz), 7.09(1H, d, J=10.99Hz),
4.74(1H, d, J=4.89Hz), 4.48(1H, dd, J=6.41,

8.55 Hz), 4.00(1H, dt, J=3.66, 7.32Hz), 3.95

(IH, dd, J=8.55, 9.46Hz), 3.93(I1H, m), 3.53

(IH, dd, J=2.75, 14.65Hz), 3.30-3.20(2H, m),

3.20(1H, m), 2.05(1H, m), 1.72(1H, m), 1.54(1H,

m), 1.40(1H, m), 1.25(2H, m), 1.17(1H, m), 0.92-

0.79(18H, m)

FAB MS : m/z 638.4(MC;Hs0:S"), 530.3(MH"),
391.4, 323.0, 257.0, 235.0

MH'2] MS/MS : m/z 530.3(MH"), 417.2, 372.1,
318.1, 304.0, 259.0, 231.0, 199.1, 185.1

HRMS  m/z(M") : C2:H3oN;s0sS2,
5292392, A =3| 529.2394

227 Bi (5).

'H-NMR(DMSO-ds) : 6 8.92(1H, d, J=3.36Hz),
8.65(1H, d, J=6.41Hz), 8.43(1H, d, J=9.16Hz),
7.12(1H, d, J=9.46Hz), 7.02(1H, d, J=10.68Hz),
4.72(1H, m)., 437(1H, dd, J=641, 9.46Hz),
4.00(1H, m), 3.95(1H, dd, J=6.71, 11.6Hz), 3.91
(1H, m), 3.53(1H, dd, J=2.44, 14.95Hz), 3.30
(2H, m), 3.13(1H, dd, J=335, 13.74Hz), 151
(1H, m), 1.48(1H, m), 1.21(2H, m), 1.18(2H, m),
0.90-0.75(18H, m)

FAB MS : m/z 638.4(MC3H0,8"), 530.3(MH"),
391.3, 307.1, 293.0, 277.1, 235.0, 207.1

MH'2] MS/MS : m/z 530.3(MH"), 417.0, 372.0,
304.1, 259.0, 199.1, 185.1

HRMS  m/z(M") : C23HioNsOsSz,

o] &3]

-

o] &3]

529.2392, A &% 529.2395

27 Bs (6).

'H-NMR(DMSO-ds) : §8.82(1H, d, J=3.66Hz);
8.48(1H, d, J=6.71Hz), 8.15(1H, d. J=8.54Hz),
7.22(1H, d, J=9.46Hz), 6.94(1H, d, J=-10.99
Hz), 4.74(1H, dt, J=4.27, 11.6Hz), 4.21(1H, dd,
J=763, 9.46Hz), 4.01(1H, di, J=3.66, 6.11Hz),
3.99(1H, d, J=8.85Hz), 3.97(1H, d, J=7.02Hz),
3.54(1H, dd, J=2.74, 14.95Hz), 3.25QH, m),
3.20(1H, m), 2.08(1H, m), 1.78(1H, m), 1.74(1H,
m), 1.53(1H, m), 1.19(1H, m), 0.88-0.78(18H, m)

FAB MS : my/z 624.3(MC3Ho0,8"), 516.2(MH"),
323.0, 293.0, 256.7, 235.0

MH"8] MS/MS : m/z 5162(MH"), 4712, 403.1,
358.1, 318.0, 304.3, 259.0, 185.1

HRMS  m/z(M") : C23H3;NsOsS2, o] &%
515.2235, Al &3] 5152233
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Solvent : MeOH/Water(70 : 30) containing 0.5% TFA
Column : Capcell Pak C-18(10 x 250mm)

Flow rate : 2ml/min

Detection : UV 254nm

Fig. 1. Analysis of crude malformin B by reversed-
phase HPLC.
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Table 1. Results of amino acid analyses and molecular weights of malformin B’s

Malformin Amino acid M+ Molecular formula
Bi. (1) Val (1) : Leu (1) : glio-Ile (1) : Cys (2) 529 C13H3sNsOsS:
By (2) Val (1) : Leu (2) : Cys(2) 529 C23H20N;5058:
B. (3) Val (2) : Leu (1) : Cys (2) 515 C13H39NsOsS:
B; (4) Val (1) : Leu (1) : Ile (1) : Cys (2) 529 C21H3Ns0s8,
Bs (5) Val (1) 1 Ile (2) : Cys (2) 529 C:23H3oNs0sS:
Bs (6) Val (2) 1 Ile (1) : Cys (2) 515 C13H31eNs0OsS:

o] §7.15(NH) 2 5 1.61(COCHCH:)#}2] AF=k
73, §1.6{COCHCH:)®| § 1.63(CH:CHCH;)#}
o] A#¥l=m 9 5 1.63(CH;CHCH:) 3} methyl$:
sote] AR 359 AL leucine 2H7]d] 7]
9l"l 7zlez 9= it allo-Isoleucine 3H7]9)
d$%E §425(CHCO)9] ¥ z7} 5855(NH) ¥
8 1.56(CH;CHC:Hs)™} =43-S 3t o, o
1.56(CH;CHC-Hs)2 methyl ® ethyl 453
AAAEE Fche A}del os) gelEelHe)
upebad, 22T Bu(l)e] EAstE 5% ofn

it A7l 7)ol NMRajAM e ofsf &l =

ek g, Zaxel B obvrlieilb s

Z7tH o w .‘E.zdﬁ‘-_ 9z A gl SAE Fig. 2. Compute?—generated perspec!iYe drawing of

. olE 23 3INOESY(22] Al &) malformin Bla. Conformational analyses

= sl oale (2% 2 2% were performed by MOPAC v 5.0 associ-

o ol 2 4‘}%5} NOESY~H Ed] © 2 F-¥], ated with MOLGRAPH on a SGI IRIS

Cys 22| amide<F4( 6 8.86)2F allo-lle®] «-meth 310 GT(DAIKIN, Tokyo). Arrows represent
the observed NOE in the NOESY

- ) -
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Table 2. Partial proton NMR assignments for malformin B’s by 'H-'H COSY experiments Chemical shifts
are expressed as ¢ ppm from TMS in DMSO-ds

Amino acid NH CHCO CH or CH: of side chain
Bla (1)
Cys 2 8.86 4.00 3.56(CHz), 3.17(CHazp)
allo-Ile 8.55 4.25 1.56(CH), 1.36(CHz.), 1.14(CHz)
Val 8.18 4.02 2.09(CH)
Leu 7.15 4.37 1.63(CH), 1.61(CH>)
Cys 1 7.07 4.76 3.18(CHy)
B (2)
Cys 2 8.76 3.95-3.90 3.52(CHz), 3.23(CHz)
Leu 2 8.45 4.20 1.60(CH), 1.51(CHa2,), 1.37(CH2)
Val 7.69 3.95-3.90 2.03(CH)
Leu 1 7.37 4.44 1.60(CH), 1.42(CHy)
Cys 1 7.13 4.74 3.35-3.25(CH>)
B: (3)
Cys 2 9.01 397 3.53(CHzs), 3.12(CHz)
Leu 8.61 4.23 1.58(CH), 1.54(CHa1,), 1.25(CHz,)
Val 2 8.34 3.97 2.05(CH)
Val 1 7.26 4.17 1.77(CH)
Cys 1 7.00 4.73 3.30(CHa.), 3.16(CHap)
B: 4)
Cys 2 8.73 4.00 3.53(CHz,), 3.20(CHap)
Leu 8.46 393 1.72(CH), 1.54(CHz,), 1.17(CHa)
Val 7.73 3.95 2.05(CH)
Ile 7.37 4.48 1.40(CH), 1.25(CH>)
Cys 1 7.09 4,74 3.30-3.20(CHy)
Bs (5)
Cys 2 8.92 4.00 3.53(CHza), 3.13(CHz)
lie 2 8.65 391 1.48(CH), 1.18(CH>)
Val 8.43 395 2.10-2.00(CH)
Ile 1 7.12 4.37 1.51(CH), 1.21(CH»)
Cys 1 7.02 472 3.30(CH>)
Bs (6)
Cys 2 8.82 4.01 3.54(CHz.), 3.20(CHav)
Ile 8.48 397 1.74(CH), 1.53(CHz,), 1.19(CHz,)
Val 2 8.15 399 2.08(CH)
Val 1 7.22 4.21 1.78(CH)
Cys 1 6.94 4.74 3.25(CHy)

Chemical shifts are expressed as & ppm from TMS in DMSO-d,
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Table 3. Relationship between the amino acid sequences of malformins and the chemical shifts of the amide

protons

Malformin Cys 2 AA 3 AA | AA 2 Cys 1
Ay 8.87 8.61 7.79 7.41 7.13
Az 8.75 8.46 7.73 7.43 7.15
A; 8.76 8.45 7.69 7.37 7.13
As 8.95 8.61 8.39 7.25 6.95
B 8.86 8.55 8.18 7.15 7.07
Bib 8.76 8.45 7.69 7.37 7.13
B> 9.01 8.61 8.34 7.26 7.00
B 8.73 8.46 7.73 7.37 7.09
B, 8.92 8.65 843 7.12 7.02
Bs 8.82 8.48 8.15 7.22 6.94

All data were taken in ds-DMSO solvent, and chemical shifts are expressed in & ppm from TMS as an
internal standard. The data for malformin A’s are listed for comparison. The amino acid sequence is
expressed as cyclo-D-Cys 1-AA 1-AA 2-AA 3-D-Cys 2. In this table, it should be noted that the values for
chemical shift decline in the order D-Cys 2>>AA 3>AA 1>D-Cys 1.

Table 4. Partial assignment of the fragmentation from MS/MS experiments.

-

Malformin MH m/z(—AA 3) m/z(—AA 2)
B () 530 417( — allo-1le) 304(—Leuw)
B (2) 530 417(—Leu) 304(—Leuw)
B: (3) 516 403(—Leu) 304(— Val)
B: 4) 530 417(—Leuw) 304(—Ile)
B: (5) 530 417(—1e) 304( —1Ile)
Bs (6) 516 403(—1Ile) 304(— Val)

_93_



-AA
| S

Cys,~Cys,

S—S

AA,

~
AA, AA,

[

T

S—S
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Fig. 6. Effect of malformin B’s on com root

curvature. Seeds were germinated on filter
paper moistened with the test solutions at
28°C for 3 days.
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Fig. 7. Effect of malformin B’s on the growth
stimulation of mung bean segments. The
segments were incubated in test solutions

at 297 for 2 days.
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