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A mixture of diferuloylputrescine/p-coumaroylferuloylputrescine {85:15, w/w) demonstrated inhibitory
activity against aflatoxin B4 biosynthesis in Aspergilius flavus isolate AF13. Inhibition was concentration
dependent, with a 50% effective dose of 30 yg of diferuioylputrescine/p-coumaroylferuloylputrescine
per milliliter of medium. Aftatoxin inhibition levels of up to 93% were achieved using this conjugated
polyamine material. This diconjugated polyamine mixture did not display inhibitory effects on A, flavus
growth (mycelial weight) at any of the concentrations tested. A survey of hand-dissected corn (Zea
mays) kernel tissues, including endasperm, germ, pericarp, and wax, revealed that the highest
concentrations of these conjugated polyamines were localized in the pericarp of the seed. Analysis
of a number of corn accessions did not reveal a correlation between diferuloylputrescine/
p-coumaroylferufoylputrescine concentration and resistance/susceptibility to A. flavus infection. The
localization of these diconjugated polyamine components in the pericarp, which functions as a physical
barrier and surrounds the internal food storage reserves, suggests a defensive role for these materials.
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INTRODUCTION

Aspergillus flavuy is a common saprophytic lungus capable
ol opportunisiic seed pathogenesis in a number of oilsced erops
(e.g., cotton, corn. peanuts, and tree nuts) in favorable envi-
ronmental conditions. Serious economic impacts, resulting trom
regulatory constraints, oceur in siuch commodities when infeeted
by A. flaius due to contamination by aflutoxin, a petent car-
cinogenic mycoloxin. Corn (Zea mays) has been subject Lo a
number of investigations regarding susceptibitity to aflatoxin
conlamination due to its economic imporlance as a foodifeed
commodity worldwide.

Maize seed contains 4 number of components that help o
resist fangal invaston. including physical and chemical barriers,
The cyclic hydroxamate tamily of compounds has been well
charuclerized (7—3). Normally present in tissues in a glycosy-
Tated form, the aglyeon is released by the action of a glycosidase
foltowing induction by mechanical or biological stress (2). The
aglycon, a cyelic hydroxamate. possesses atimicrobial (3, )
as well as insect [eeding deterrent activities (3, 3). In addition,
a member of this class of compounds {(4-acetvlbenzoxazolin-
2-onc} is @ known inhibitor of myeotoxin biosynthesis (4). More
recently, u class of polyamine conjugates has been isolared and
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characterized from maize kemels ¢ 7). The primary components
present were dilendoylputrescine (1) and p-coumaroyiferu-
loylputrescine (23 (Figure 1. An improved extraction technigus
revealed that relatively high levels of these compounds appear
to be lecalized in the seed pericarp (7). The localization of these
components suggests a defensive role against potential patho-
gens. Indeed, polyamine conjugates have been reported to
display tungicidal (¥) and insecticidal (9) characteristics. To
explore possible biological activitics of 1 and 2. an investigulion
was initiated to determine their effects on growth and aflaoxin
By production by 4. flarws.

MATERIALS AND METHODS

Biological Materials. 4. farus tsolate AF13 (ATCC 96044) was
isolated from soil samples collected in southwestern Avivona (near
Yuma) and mainained on a 3% vegetable juice (Cumnpbeil Soup Co.,
Camden. NI agar mediom (pH 5.2) at 30 °C (£0). Conidial suspensions
of e fingus were constructed with sterile deionized water and
conlained -2 x [0" spores'ml.

Aceessions of com were obtained lom the following sources: Anws
3124, Ames 3125, and PT 361859 (rom the North Central Regional
Introduction Station. USDA, ARS, Ames, [A: GRIN, PT 614519 (MPp
715} trom D W. Panl Williams, Mississippi State University: and PI
019430 (TX BOT7), PLO19431 (TX 81 1), PI 633839 (TX 114y, PT 644840
{TX 744), and IPLA33B42 (TN 743) {rom Dr. Javier Betran, Texas A&NM
University, College Station, TX. Yellow dent no. 2 com kernels 33414
were kindly provided by Pioneer Hi-Bred Tuternationa! (Johnsion. TA).
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Figure 1. Structures of diferuloylputrescine (1) and p-coumaraylferu-
loylputrescine (2).

Diferuloylputrescine/p-Coumaroylferuloylputrescine Prepara-
tion/Purilication. C'orn bran {Dietfiber corn bran, Ultrating, NU 20085,
ubtaived by dry milling com from Bunge Milliag, Damyvifie, 1) was
extracled nsing a model ASE 200 Aceclerated Solvent Extractor
tDianex, Inc.. Sunnyvale, CAY with methylene chloride. (iest a1 40 *C.
followed by exiraction at 100 °C (7). The 100 °C methylene chloride
extract was lurther purified fo a final preparation that contained 1/2 as
an B3:13 (w/w) mixture using a previously desceribed silica solid-phase
extraction method (7). Methylene chloride was removed under a sircam
ot nitregen. Samples were resalvated with dimethy] sulfoxide (DMSO)
1o yield stock selution concentrations of 30— 4) mgiml .

Fungal Incubations. A chemicafly detined cultuee medium (77}
containing sucrose as a carbon source (30 g/L) and sodium niteate as
a nitrogen source (3 g-L) (72). was used as a tungal growith medium.
The medium was adjusted 1o pll 5.0 before heat sterilization. Tneuba-
tions were conducted in 20 mL ot medium in 30-mL. flasks. Aliquots
of 12 preparation were added alter the medium had been allowed 1o
caol. All wreatment incubation flasks, including controls. vonlained
0.35% (v.v) DMS0, which was necessary as a carrier solvent for 142,
An additional set of control cultures did nut contain DMSO. Each
incubation Hask was seeded with 100 gL of a conidial suspension.
Fungal termemations were carried out in a shaking incubator (200 rpm)
in ¢he dark at 31 "C for 6 days. Foch experiment had Tour replicates
and was repeated a total of four times. The eesults reported herein are
representative of those experinients,

Aflatoxin Analysis. In the conditions used in {liese experiments, A
Jlusus solate AF 13 produced only aflatoxin By, Cultures were stapped
and aflatoxin was solubilized by adding acetone 1o yickd a 30% (viv)
solution. An aliquot of this solution was spotied bheside aflatoxin
stundards (By, Bz, G, and Ga) on silica gel G tiin-layer chronatography
plates. Alter development in diethyl ether/methanolwater {96:3:1).
allatexin By was quaatilied direetly by Muorcseence densitometey (13)
with & model C8-9301PC densitometer (Shimadzu, Kyoto, Japan). The
limit ol detection for this analysis method is 1 ngfg (1 ppb): analysis
range is from 1 ng-g to 1 mgly: oxin recovery is > 93%,

Biowass Estimation. Following allatoxin analysis. the fungal
mveelia of cuch cultare were collected by filication in vacuo. The residue
was collected on filter paper, difed au 30 °C for 24--48 h, and weighed.

Kernel Dissections, The intact yellow dent kernels (33A 14, 100 g)
were firsi exdracted with ¢hloroform wt 23 °C by vigoreusly stirring
for 3 min to remaove surface wax fromn the keenels. Solvent was removed
by means of refoevaporation and under a strcam of nitrogen. The wax
extract was stored at 3 °C under nitrogen until wnalysis was conducted.
The dewaxed kernels wore then wir-dricd and soaked in excess deionized
water at 25 *C for 24 h before disseetion. Hand dissection was
conducted o separate endosperm, germ, and pericarp tissues. Afler
dissection, tissue fractions were dried at 53 °C lor 4% h and stored in
a low-humidity envirenment (desicentor) prior 1o grinding, The {bl-
lowing dry tissue vields were obtained from 100 g of seed: endosperm,
392 g germ, 638 g pericarp. 2.71 g wax, L0KT7 2. Nol all seeds
used Tor wax extraction were subjected to disscetion due to small seed
size. Dry kemel tlissues were ground to 20 mesh tpericarp and
endosperm i a Wiley mill; germ in an ¢leetric coffee grinder). After
grinding, the fractions were extracled as deseribed below.
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Tahle 1. Effect of Palyamine Conjugates 1/2 on A. fiavus Biomass
Praduction

conen 1427 (rrg/mL) biomass® (g)

0 0.195 +0.007
10 0.199 + 0.009
20 0.206 +0.016
30 0.230 £ 0.016
40 0.217 = 0.022
50 0.220+0.018
75 0.227 = 0.007

100 0.206+ 0.007

?Concentration of 1/2 (85:15) is expressed as ug/mL of medium. * Mean A.
fiavus biomass is expressed as g of dry weight (n = 4).
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Figure 2. Effect of polyamine conjugates 1/2 on aflatoxin B production
in A flavus. Concentration of 1/2 (85:15) is expressed as ug/mL of
medium. Mean aflatoxin B+ concentration (n = 4) is expressed as ugig
of dry weight (fungal biomass) (polynomial fit, r? = 0.89, P < 0.03).

Tissue Extractions, Extractions were performed with a model ASE
200 Accelerated Solvent Extractor (Diones [nc.), using cthanol. The
sample (2—4 ) was placed inan 1 1-ml. stainless steel extraction vessel,
and the remaining volume was filled with washed sex sand. The
exiraclor was programmed 1o exéract at a pressure of 1000 psi (69 har)
and & temperature of 100 °C, extracting cach sample with o otal o022
ml. of solvent. delivered in three 10-min extractions. These ethano!
extracts were evaporated, weighed, and solvated in ehlaroform methanol
(8315, vv) 1o a coneentration of T mgial.. Four separate exuactions
were performed fon each tssue sample (# = 1), and one NP1 injection
was made [rom each extract.

IIPLC Analysis of Diconjugated Polyamines. Analyses were
performed on o Hewleu-Packird madel 1100 BPLC (Agilent Teehnolo-
gies, Pulo Alto, CA) with an autosampler and detection via fwo detectors
in series, with the effluent first eatering a Hewled-Packard model 1100
diede array UV —vis detector and then entering a Sedex model 55
evaporalive light scaitering detector {1EL3D) (Richard Seientitic, Novato.
CAJ operated a0 40 °Cwith nitrogen as a nebulizing gas, at 4 pressure
ol 2.0 bar. The TIPLC colunm was a 100 mm % 3 mm gl 5 wm,
LiChrosorbh DIOL (Varian/Chrompack, Walout Creck, CA). and the
mabile phase was a tetnary gradient with A = 1000 hexane/! acetic
acid, B = 2-propanol. and € = water, with the following lincar gradiont
fimetable: O min, 90 190 30 min, 38/40/2; 30 min, 43 50°3; 30 min,
4575005, 51 min, 30/50/0: 32 min, 90-10.0; 60 min. Y0/1040, at a {low
rate ol (L5 mimin. The retention tnwes o' 2 and 1 were about 24 and
25 min, respectively. [n this 1TPLC meihed. the common phospholipids
phosphatidylethanolumine and phosphatidylcholine were also detecied
with the ELSD in all ol the extracts with retention times of 23 and 31
min, respectively, A sample of the parified 1/2 mixture was prepared
as deseribed under Diferuloviputrescine p-Coumaroy ferutoylputrescing
PreparationPuritication and ay previously deseribed (7); it was used
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Table 2. 1/2 Concentrations in Dissected Tissues of Corn Kemels

Melior and Moreau

extract yvield

fraction (/100 g of fraction) g of 2fg of extract 24q of 2/g of fraction 10 of g of extract 10 of 1/g of fraction
wax 0.087° 84 +10 0.073 +0.008¢ 581+ 30 0.505 +{.022%
germ 2083+ 0.18 26110 542 +0.70 100 £ 30 20.80 645
endosperm 2.76+0.03 111+30 3.09+0.75 358 60 995+ 153
pericarp 2.88+£042 5313 4 040 153 £ 26.1 14150 = 2910 407.6 + 83.9

“Units expressed as per g or per 100 g of kernels, because the wax fraction was obtained by extraction of intact kemels (17 = 4).
Table 3. 172 Concenirations in Corn Accessions with Various Degrees of Resistance o A. flavus
accession % extract g of 2/g of extract g of 2fg of kernel 110 of 1/g of extract g of 1/g of kernel

Ames3124(R) 7.89£0.15 43020 33816 2650 + 120 208195
Ames 3125(R) 9.36 £ 0.01 610+ 10 57.1+0.9 276G+ 10 258309
Pl 561859(R)* 8.29 +0.68 1730 + 60 1434 =50 5380 + 110 446.0 9.1
PI614819(R)" 9.04 +0.23 1470 4. 140 1329127 5580 + 46D 5053+ 416
Pt 619430[R) 8.89 +£0.11 1840 + 30 163.6+27 3400 + 120 3022+107
Pl 519431(S) 803013 4820 + 110 387.0:8.8 16400 = 620 1478 £49.8
Pl B33838(S) 8.80 +0.21 1450 + 80 1276+53 5740+ 240 508.1+211
PI 633840(3) 7.53+0.C9 130:£20 10.2+18 5801 70 437 +53
Pl 633842(8) 5.85 +0.07 800+ 0 468100 2220450 120929
33414 5.93+0.03 1450 £ 20 85812 5570 £ 110 330365

? Accession is reporled to be R = resistant to A. flavis or S = suscephble lo A. flavus. ¥ Resistance is believed to have a chemical basis. = Selected for reduced
aflatexin accumulation in the grain following inoculaticn cf deveicping ears with A. flavus. ¢ Resistance/susceptihility to A. flavus infection is unknown.

fo construct 4 calibraiion cueve that exhibited a linear relationship
between peak area al Ay and mass in the range of 1-30 pg of 1 and
[—10 sy ol 2.

RESULTS AND DISCUSSION

No growth inhibition of 4. flavis was observed with the 172
material, Biomass production was not signilicanily different in
the various treatments over the range of concentrations tested
(Table 1). In addition, the tevel of carrier solvent (0.35%
DMS0O} included in fungal fermentations had no effect on fungal
growlh, as there was no difference in biomass production
hetween comiral cultures either with or without PMSO.

The 1/2 combination tested demonstrated moederate inhibition
of atlatoxin biosynthesis in A. flavus. Aflatoxin production was
inversely related 10 the concentration of 102 in the fermentation
medium {polynemial {it, /= = 0.89; P < 0.05) (Figure 2). On
the basis of inferpolation. the ED<y of the 1/2 material was 30
ag/ml, (~70 uM). A maximum inhibition level of 93% was
observed with 1his 1/2 mixture at a concentration of 30 grg/ml.,

Extraction of dricd kemnel tissues by means of aceelerated
solvent extraction revealed 1he greatest concentrations of 172
were localized in the pericarp tissue (Table 2). Germ tissue
contained the next highest concentrations, afthough at levels
~30 timues lower than in pertearp. The wax fraction contained
the lowest 12 levels, :

Aceclerated solvent extraction of whole com kemels (ground)
from a number of seed lines did not reveal any correlations
between 172 concentrations and resistance’susceptibility w A,
Jlens indection (Table 3). Both the highest and lowest 1:2
concentrations were registered by suseeptible varieties in this
survey. The Jowest concentrations ol conjugated polyamines
were grouped in the susceptible lines.

The combination of 1/2 used in this study had no cflect on
growth of A, flavas, but did cause a significant reduction in the
quantity of atlatoxin By produced by the fungus. 1 bas previously
demonstrated o lack of growth inhibition against Fusarinm
crlmorum and A, favus (6). The 1/2 preparations vsed in this
imvestigation were comprised by weight of 85 1 and 15" 2.
This ratio was abtained from the direct extraction of corn bran.

A similar ratio of these conjugated polyamines is assumed to
exisl in plantae. 1t would appear to be valid to test these
materials in combination, as the model liquid fermentutions
eniployed in this study would simulaie the Tevels of 1 and 2
experienced by an invading fungal pathogen.

Other work has shown that the material that yielded ihe
highest concentrations of 1 and 2 was corn bran (7). Com bran
is obtained from a dry milling process und is composed primarily
of pericarp tissue { /4). Furthermore, comparison of extractable
172 from corn peticarp and alewrone tssues revealed 25-fold
higher levels in the pericarp (7). In addition, a complete survey
of com kernel tissues definitively focalized the highest 1:2
concentrations to the pericarp of the seed (Table 2). The
endosperm preparation probably had low levels (a [ew pereent)
of pericarp contamination and, thus. actual endosperny 172 levels
are probably lower than the reported values. The wax layer of
the seed lies in close proximity to the pericarp and yet displayed
the lowest 1/2 concentrations. Thus, it would appear that these
conjugated polyamines are primarily localized in the pericarp
tissuc of corn sced. Although these results indicale that
polyamine conjugates are localized in the pericarp. the finding
that very low 12 levels were extracted into the wax fraction
suggests that cither they are not in the outer region of the
pericarp or they are tightly bound into the tissue matrix of the
pericarp and arc extractable only when the pericarp is ground.

A survey of w number of corn accessions did noi demonstrate
a correlation between resistance/suseeptibility o A, favus
infection and 1:2 concentrations (Table 3). It should be noted.
however, thut many corn varieties displaying afiatoxin resistance
do 5o becanse of their “light husk™ characteristics. These
characteristics reduee the eifeets of inseet predation that is ane
of the primary routes for fungal entry of 4. flurus into the cob
vig exit holes of burrowing inscet larvac. The seed accession
purported to have a chemical basis lor resistance (P 3612359
did demonstrate fairly high concentrations of 1/2. It would be
interesting o test variety PI 619431, with the highest 1:2 levels,
for inscct feeding deterrence activity, Another trend to note is
that the lowest 12 concentratiens in this survey were grouped
in the A, flarns-susceptible lincs.
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The localization of L2 in com kemels suggests a possible
defensive role. The Mgh levels of these compounds iv the
pericarp tissue surrounding kernel reserves would allow lor
maximint exposure to potential invading pathogens or foraging
inscets. Starch and protein reserves are located in the endosperm,
whereas lipid and free sugar reserves are localized in the germ.
These reserves represent potential nutrient sources for fungi and
insccts. Plants have evelved a number of defensive sirateuics
o protect these storage components. 12 may well represent
part of'a chemical deterrent situated in tissues surrounding the
intemal kernel tissues.

The physiological function of these conjugated polyamines
in corn is not known, Polyamine conjugates have been reported
to have fungicidal (4), insecticidal {9}, and viricidal (73)
activities. Diconjugated polyamines may have biological activi-
tics of their own. 2 and 1 have been reported to display
inhibitory activity against yeast a-glucosidase (76, althuugh
at fairly high concentrations (2 miM). The data reported herein
confirm such potential biologival activity, Whercas the 172
materiat did not display inhibitory activity against the growth
of A flavws. it was a fairly potent inbibilor of aflatoxin
biosynthesis, wilh un EDsy of 30 grg/mL (30 ppm). Assuming
the levels ot these materials extracied trom com bran (3280 ug
of L'y or 3280 ppm) (7) are representative of tissue levels in
planioe, actual cancentrations of these conjugated polyamines
(1) in pericarp tissue are ~100-lold higher than those levels
displaying antiaflatoxigenic activity in this in vitro study. Thus,
results from this study strengthen the suggestion of a defensive
role for these naturally aceurring compounds in maize pericarp.
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