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SUMMARY

Numerous fluorescent compounds were detected and separated by thin-layer
chromatography in the chloroform extracts of species of Rhizopus. Qualitative
similarities and differences existed among the species with respect to specific fluo-
rescent compounds.

INTRODUCTION

The presence of secondary metabolites from mycelium of fungi has been well
documented by numerous investigators!—S. These secondary metabolites, which serve
no known function in the life cycle of many fungi®, include antibiotics. pigments,
mycotoxins and others. Chromatographic methods, which include gas-liquid chro-
matography’, high-performance liquid chromatography®, thin-layer chromatography
(TLC)*-13, and paper chromatography'+—2° have proved very useful in their separation.

This paper describes the use of TLC for the detection of UV-absorbing
substances in Rhizopus species.

METHODS AND MATERIALS

Species of Rhizopus used in this work were obtained from the American Type
Culture Collection (Rockville, Md., U.S.A.) and the Department of National Health
and Welfare (Ottawa, Canada). Stock cultures were maintained at 5° on slants of
potato dextrose agar (PDA) enriched with 0.29/ yeast extract. Spores from heavily
sporulated cultures, which had been previously grown on slants of PDA enriched with
0.29; yeast extract (PDAYE) for 7 days at 27°, were washed off the PDAYE slant
with sterile distilled water. The spore suspensicn was adjusted to an optical density of
10.0 Klett Units at 450 nm with a blue filter (photoelectric colorimeter, Klett Sumner-
son, New York, N.Y., U.S.A.) before being used to inoculate the medium. 50 m! of
mycological broth enriched with 0.5 yeast extract (MYE) and 15% sucrose plus
29 yeast extract (YES) were inoculated with 1.0 ml of spore suspension and allowed
to incubate for 7 and 14 days respectively at 27° (ref. 21).

The procedure for extraction of secondary metabolites was based on that of
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Armbrecht et al. 2. The mycelial mats were extracted with two volumes of warm (60°)
chloroform in 2 Waring Blendor and then concentrated to dryness in 2 flash evapo-
rator.

For the separation of the secondary metabolites, the chloroform extracts were
dissolved in 0.2 m! of chloroform and 15 ul of each extract were spotted on 0.500 mm
TLC plates (Redi-Coat 5-8172, Aflasil, Supelco, Bellefonte, Pa., US_A.). The plates
were developed in two solvent systems (chloroform-methanol (99:1, vfv) (CM) and
benzene-methanol-acetic acid (24:4:1, v/v) (BMA). After development, the plates
were examined under longwave UV light. Fluorescent materials from the extracts
and separated on TLC plates were compared with aunthentic mycotoxins and afla-
toxins. To determine whether non-fluorescent materials were also present in the
extracts, the plates were (1) sprayed wiih a freshly prepared mixture of 0.5 ml of p-
anisaldehyde in 85 ml of methanol containing 10 ml of glacial acetic acid and 5 ml
of concentrated sulfuric acid and then heated at 210° for 8-20 min> and (2) sprayed
with 19 ethanolic ferric chloride®.

RESULTS AND DISCUSSION

Seven members of the Rhizopus group were evaluated for their ability to
produce metabolites in a chemically undefined culture medium and a semi-chemically
defined culture medium. Visual examination of the TLC plates accomplishe in the
dark, with the aid of UV light, revealed numerous fluorescent compounds, as shown
in Tables I-IV. The number of fluorescent compounds separated and detected in the
two solvent systems CM and BMA, respectively, are as follows: (YES medium for
7 days) R. arrhizus, 6 and 3; R. chinensis, 8 and 8; R. circinars, 8 and 6; R. kazanensis,
4 and 6; R. oryzae, 6 and 6; R. stolonifer, 8 and 7; R. 66-81-2, 4 and 6; (YES medium
for 14 days) R. arrhizus, 5 and 6; R. chinensis, 5 and 8; R. circinans, T and 6; R.
kazanensis, 10 and 7; R. oryzae, 6 and 6; R. stolonifer, 6 and 5; R. 66-81-2, 5 and 7;
(MYE medium for 7 days) R. arrhizus, 5 and 2; R. chinensis, 4 and 3; R. circinans,
2 and 1; R. kazanensis, 4 and 3; R. oryzae, 3 and 4; R. stolonifer, 4 and 4; R. 66-81-2;
(M YE medium for 14 days) R. arrhizus, 8 and 4; R. chinensis, 6 and 4; R. circinans,
6 and 5; R. kazanensis, 7 and 6; R. oryzae, 7 and 5; R. stolonifer, 6 and 4; and R.
65-81-2, 4 and 5.

The data indicate that the seven fungi examined produced a number of fluo-
rescent substances when incubated in chemicaily undefined and semi-chemically
defined media. The fiuorescent compounds were analyzed by their chromatographic
behavior, reaction to spray reagents, and spectra. The data obtained from these
analyses were then compared with those of known mycotoxins. The data on the
fluorescent compounds did not reveal the presence of any of the known mycotoxins®s.
Qualitaiive differences were apparent in the number of detectable fluorcscent sub-
stances with respect to (1) separation in the two solvent systemss, (2) the media, and
(3) period of incubation. It was of interest, however, to note the presence of a common
fluorescent compound in all seven of the fungi which appreared green before spray
treatment and purple after spray treatment with p-anisaldehyde in visible light.
Caution must be exercised, however, in the interpretation of the significance of the
differences and similarities of fluorescent compounds which were found in the fongi
examined during this investigation. Studies on the structurel elucidation and ident:-
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TABLE I
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TLC OF THE CHLOROFORM EXTRACT OF RHIZOPUS SPECIES GROWN IN YES
MEDIUM FOR 7 DAYS

Organism Spot Rg Solvent DPetection
system
Before spray treatment After spray treatment
Visible Ultra- - p-Anisaldefiyde  Iron chlcride
light  violet Visible Ultra- Visible Ultra-
light violet  light violer
R. arrhizus 1 023 CM — Blue — —
1b 038 CM — Green — Green
2 048 CM — — — Paie Blue
3 053 CM — Green Purple —
4 076 CM — Pale Blue Green — — Paie Blue
5 097 CM — Bright Blue Green —
1 0.09 BMA — — Green —
2 0.31 BMA — Blue — —
2b 038 BMA — Green — Green
3 048 BMA — Pale Blue — Pale Blue
4 0.72 BMA — Pale Blue Green — — Pale Blue
R. chinensis 1 0.14 CM — Blue — —
2 029 CM — Blue — —
3 041 CM — Green — — Green
3b 048 CM — Bright Blue — Green
4 064 CM - Green Purple —
5 073 CM — Dull Blue — —
6 085 CM — Blue Green — — Blue
7 094 CM - Pale Blue - - - Palz Blue
1 007 BMA — Blue — — — Blue
2 0.15 BMA - Blue — Blue
3 0.28 BMA — Blue - Blue
4 034 BMA — Blue — Blue
5 044 BMA — Blue — —
6 073 BMA -— Green Purple — — Green
7 0.84 BMA — Blue Green — — Blue
8 091 BMA — Duli Blue Green —
R.circinans 1 012 M — Blue —_ —
2 028 CM — Blue — —
3 041 CM — Green — Green
4 050 CM — Bright Blue — Bright Blue
5 063 CM — Green Purple —
6 075 CM — Blue Green —
7 083 CM — Dull Blue Greem — — Dull Blue
8 097 CM — Bright Blue — —
1 003 BMA -— - Green —
2 0.i16 BMA -— Blue — Blue
3 0.333 BMA — Blue — — — Blue
4 04 BMA — Blue — —
5 071 BMA -— Green Purple — — Gre:n
[ 0.82 BMA — Dull Blue Greea — — Dull Blue

( Continued on p. 402)
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TABLE I (continued)
Orgarnism Spot Rg Solvent Detectior
system
Before spray treatment After spray treatmert
Visible Ultra- p-Anisaldehyde  Iron chloride
bght  violet Visible Ultra-  Visible Ultra-
light violet light violet
R. kazanensis 1 012 CTM - Blue — —
2 020 CM - Blue - -
3 050 CM — Green Pusrple — — Green
4 082 CM — Pale Blue Green — - Pale Blue
1 0.06 BMA — Blue — Blue
2 0.14 BMA — Blue Green — - Blue
3 0.31 BMA -— Blue - Blue
4 040 BMA — Blue — — - Blue
5 074 BMA — Green Purple — - Green
6 094 BMA — Pale Blue — —
R. oryzae i 003 CM - Blue —_ —
2 022 CM _ Blue - -
3 043 CM — Green - — — Green
4 053 CM — Bright Blue Purple — — Bright Blue
5 066 CM — Blue Green —
6 080 CM — Pale Blue — Pale Blue
i 0.05 BMA — Blue - Blus
2 0.14 BMA — Blue — —_ - Blue
3 028 BMA — Blue - — —_ Blue
4 040 BMA — Blue —_ — - Blue
5 0.68 BMA — Green Purple — — Greea
6 0.73 BMA — Blue — Blue
R. stolorifer 1 0.09 CM — Blue - -
2 022 CM — Blue — -
3 041 CM - Grean — Green
4 053 CM — Bright Blue - Bright Blue
4 056 CM — Green Purple —
5 063 CM - Blue Green —
6 081 CM - Dull Blue Green —
7 090 CM — Pale Blue — Pale Blue
1 0.06 BMA — Blue — Blue
2 0.14 BMA — Blue Green — — Blue
3 0.28 BMA — Blue - Biue
4 037 BMA -— Blue - Blue
5 042 BMA — Blue - —
6 0.68 BMA — Grezn Purple — - Green
7 075 BMA - Blue - Blue
R. 66-81-2 1 021 CM — Blue -— -
2 040 CM — Green - Green
3 0.56 CM - Green Purple —
4 0.75 CM — Blue Green — — Blue
1 006 BMA — Blue - Blue
2 0.14 BMA — Blue - - — Blue
3 026 BMA — Blue —_ Blue
4 035 BMA — Blue — - - Blue
5 0.65 BMA — Green Purple — — Green
6 081 BMA — Pale Blue Green — — Pale Blue
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TABLE 11
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TLC OF THE CHLOROFORM EXTRACT OF RHEIZOPUS SPECIES GROWN IN YES
MEDIUM FOR 14 DAYS

Organism Spot R Solvent Detection
system
Before spray treatment After spray treatment
Visible Ultra- p-Anisaldehyde  Iron chloride
. ligkt  violer
Visible Ultra- Visible Ultra-
light violer  light violet
R. arrhizus 1 008 CM - Bright Blue — —
2 041 CM — Green Purple -— — Green
3 072 CM — Blue — Blue
4 0.76 CM — Dull Blue Green — — Dull Blue
5 057 CM — Bright Blue Green —
1 0.09 BMA — Blue — Blue
2 0.16 BMA — Blue — Blue
3 041 BMA — Blue — -
4 0.63 BMA — Green Purple — — Green
5 0.76 BMA — Blue Green — — Blue
6 091 BMA — Bright Blue — —
R. chinensis 1 012 CM — Blue —_ Blue
2 035 CM — Blue — Blue
3 046 CM — Gresn Purple — — Green
4 076 CM — Blue - — — Blue
5 094 CM — Dull Blue Green —
1 006 BMA — Blue — Blue
2 0.13 BMA — Blue — Blue
3 0.13 BMA — Blue — Blue
4 041 BMA — : Blue — —
5 065 BMA — Green Purple -— —_ Green
6 0.75 BMA -— Blue — Blue
7 088 BMA — Blue - —
8 095 BMA -— Dull Blue — — — Dull Blue
R, circinans 1 008 CM — Blue — -
2 023 CM - Blue — —
3 045 CM — Green Purple — — Green
4 0.67 CM - Blue - Blue
5 076 CM — Blue — Blue
6 084 CM - Dull Blue Green —
7 097 CM — Bright Blue Green —
1 007 BMA - Blue — Blue
2 0.16 BMA — Blue — Blue
3 0283 BMA — Blue - — - Blue
4 051 BMA -— Blue - — — Blue
s 081 BMA — Green Purple —
6 091 BMA — Dull Blue Green — — Dull Blue
R, kazanensis 1 003 CM — Blue — Blue
2 006 CM — Blue — - — Blue
3 019 CM — Blue — —

(Continued or p. 404)
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Organism Spot Ry Solvent Detection
system -
Before spray treatment After spray treatment
Visible Ultra- p-Anisaldehyde  Iron chloride
lghe  violet Visible Ultra- Visible Ultra-
light violet  lLichr  violet
4 026 CM — Green — Green
5 038 CM — Dull Blie — -
6 050 CM — Blue - —
7 063 CM — Green Purple —
8 066 CM — Blue — Blue
2 075 CM - Blue — Blue
10 087 CM — Blue Green — — Blue
1 0.15 BMA — Blue - - — Blue
2 023 BMA - Green - -
k1 035 BMA — Blue — - - Blue
4 047 BMA — Blue — — — Blue
s 061 BMA — Green — - — Green
6 0.75 BMA — Green Purple — — Green
7 090 BMA — Blue Green — — Blue
R. oryzae 1 007 CM — Blue — — — Blue
2 019 CM — Blue — —
3 041 CM — Green Purple — — Green
4 071 CM — Blue — Blue
5 681 CM — Blue — Blas
6 0.88 CM — Blue Green — — Blue
1 001 BMA -— - Gren —
2 0.17 BMA — Blue - - — Blue
3 031 BMA — Blue — - — Blue
4 047 BMA — Duli Blue — —
5 064 BMA — Green Purple — — Green
6 G844 BMA — Dull Blue Green — — Dull Blus
R. stolonifer 1 008 CM - Blue — —
2 022 CM — Blue —
3 045 CM — Green Purple — — Green
4 068 CM — Blue - Blue
5 078 CM — Blue — Blue
6 093 CM — Blue Green — — Green
1 0.15 BMA — Rlue — — — Blue
2 025 BMA — Blue — — — Bive
3 034 BMA — Blue — —_ — Blue
4 066 BMA — - Green Purple — — Green
5 094 BMA — Blue Green — - Blue
R. 66-81-2 1 012 CM —_ Bluz —_ — — Blue
2 039 CM — Green Purple — —_ Green
3 0.56 CM - RBlue - Blue
4 0.65 CM - Blue - Blue
5 086 CM — Blue Green — - Green
1 010 BMA - - Green —
2 0.15 BMA — Blue Green — - Blue
3 025 BMA — Biue — — — Blue
4 0.33 BMA — Blue - —
5 043 BMA -— Dult Blue - -
6 057 BMA — Green Purple — — Green
7 086 BMA — Blue Green — — Biue




TABLE 1H{

TLC OF THE CHLOROFORM EXTRACT OF RHIZOPUS SPECIES GROWN IN MYE
MEDIUM FOR 7 DAYS

Orgarism Spot Ry Solvent Detection
system
Before spray treatment After spray treatment .-
Visible Ultra- p-Anisaldehyde  Iron chloride
light violet

Visible Ulira- Visible Ultra-

gkt  violet
g vak licht  violet light violet

R. arrkizies 1 050 CM - Green — Green
2 065 CM — Blue — Blue
3 069 CM — Green Pink —
4 0.73 CM — Blue Green —
5 080 CM - Green —
1 0.62 BMA — Green Pink —
2 068 BMA — Green — Green
R. chinenensis 1 020 CM — Blue — — — Blue
2 060 CM — Green Pink — — Green
3 0.76 CM — Blue — — — Blue
4 091 CM — Blue Green — — Blue
1 0.53 BMA — Blue — —_
2 08¢ BMA — Green — —
3 08 BMA -— Blue Green — — Blue
R. circinans 1 053 CM — Green Pink — — Green
2 077 CM - Blue Greesp  — - Blue
1 0.61 BMA — Green Pink — — Green
R. kazanersis 1 005 CM — Blue — Blue
2 0.58 CM — Green Pink — — Green
3 073 CM — Blue Green — — Blue
4 087 CM - Blue - — — Blue
1 0.25 BMA — Blue — — Blue
2 0.68 BMA — Green Pink —_ Green
3 0.84 BMA — Blue Green — — Blue
R. oryzae 1 004 CM — Blue — Blue
2 0.50 CM —_ Green Pink — — Green
3 077 CM — Blue Green — — Blue
1 009 BMA — Blue Blue
2 0.34 BMA — Blue Pink — — Blue
3 062 BMA — Green Pink - — Blue
4 085 BMA — Blue Green —
R, stolonifer 1 020 CM — Blue — — — Blue
2 055 CM — Green Pink - — Green
3 0.78 CM — Pale Blue Green — — Pale Blue
4 080 CM — Blue Gresn —
1 0.13 BMA — Blue — Blue
2 040 BMA — Blue Grean — — Bhlue
3 0.67 BMA -— Green - Pink - - Green
4 0.81 BMA — Blue Gieen — — Blue
R. 66-81-2 1 028 CM - Blue — —
2 059 CM — - Green Pink —_ — Green
3 087 CM — Blue Green — — Blue
1 020 BMA - Blue — — — Blue
2 047 BMA — Blue - — - Blue
3 068 BMA — Green Pink — — Green
4 0.83 BMA — Blue — — — Blue
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TABLE IV
TLC OF THE CHLOROFORM EXTRACT OF RHIZOPUS SPECIES GROWN IN MYE
MEDIUM FOR 14 DAYS

Qrganism Spot Rf Solvernt Detection
system,

Before spray treatment After spray treatment
Visible Ultra- p-Anisaldehyde  Iror chloride

light  violet
Visible Ultra- Visible Ultra-
light  violet light violet
R. arrhizus 1 004 CM — Blue — Biue
2 0.11 CM — Blue - — - Blue
3 929 CM — Blue — — — Blue
4 049 CM - Green - Gresn
5 069 CM — Blue — Blue
6 075 CM Yeilow — — — — -
7 083 CM -_ Green Pink -
8 098 CM — Blue Green —
1 0.25 BMA — Blue — — — Blue
2 047 BMA — Blue — - — Blue
3 0.74 BMA — Green Pink - - Green
4 0.87 BMA - Blue Gresn  — — Blue
R. chinensis 1 010 CM — Blue — — — Blue
2 025 CM — Blue — —
3 045 CM — Green — Green
4 062 CM — Blue — Blue
5 0.77 CM — Green Pink -
6 092 CM - Blue Gresn — - Blue
1 0.29 BMA — Blue — —
2 0.45 BMA — Blue — _ — Blue
3 0.70 BMA — Green Pink — — Green
4 6.86 BMA — Blue Grzen —
E. circinzns 1 .09 CM - Blue — — — Blue
2 025 CM — Blue — —_
3 050 CM — Green - Green
4 0.67 CM — Blue — Blue
5 078 CM — Green Pink -
6 089 CM — Blue Green — — Bhue
i 027 BMA — . Blue — — — Blue
2 037 BMA — Blue - Blue
3 044 BMA — Blue — — — Blue
4 0.68 BMA — Green Pink — — Green
S 0.82 BMA — Blue Green — — Blue
R. kFazanensis 1 0068 CM — Blue — Blue
2 0.1s6 CM Yellow Dull Blue — Dull Blue
3 026 CM — Blue — — - Blue
4 060 CM — Green Pink — — Green
) 071 CM — Blue — Blue
6 078 CM Orange Duil Blue — Dull Blue
7 090 CM — Blue Grean — — Blue
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TABLE IV (continued)
Organism Spot Rge Solvent Detection
system
Befare spray trearment After spray trectment
Visible Ultra- p-Anisaldehiyde  From chloride
lighe  violes Visible Ultra- Visible Ulira-
ighs violer  light  violet
1 025 BMA — Blue — Elue
2 0.35 BMA — Blue - Blus
3 045 BMA — Blue — — — EBlue
4 076 BMA — Green Pink - — Green
5 087 BMA — Blue — - Blue
6 095 BMA — Blue Green — — Elue
R. oryzae 1 003 CM - Blue — Blue
2 008 CM - Blue — Blue
3 015 CM — Blue - Bluc
4 053 CM - Green Pink -
s 072 CM — Blue Green — — Elue
6 030 CM — Blue —_ Elue
7 095 CM — Blue Green — — Elue
1 023 BMA — | Blue - Elue
2 045 BMA — Blue — — — Blue
2 070 BMA — Green Pink — - Green
A -, __.4 082 BMA — Blue Green  — — Blue
- -5 095 BMA — Blue Green — — Blue
R. stolonifer 1 008 CM — Blue — Eilue
2 020 CM — Blue - -
3 0.56 CM — Green Pink — - Green
4 0.66 CM — Blue — Elue
5 03¢ CM — Blue Gresn  — — Blue
6 094 CM — Blue Green — — Elue
1 046 BMA — Blue — — — Blue
2 0.73 BMA — Green Pink — — Green
3 0.8¢ BMA — Blue — - - —
4 094 BMA — Blue Green —
R. 66-81-2 1 014 CM — Blue - — — Blue
2 060 CM — Green Pink — — Green
3 077 CM — Blue Green — - Biue
4 094 CM — Blue Green — — Elue
1 043 BMA — Blue — Elue
2 049 BMA — Blue — — — Blue
3 0.75 BMA —_ Green Pink — — Gresn
4 087 BMA — Blue Green — - Green
5 093 BMA — Blue Green — — Green

fication of the metabolites arc presently under way and will be reported on in the
near future.
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