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Polyacrylamide Gel Electrophoresis of the Cell Proteins
from Differentiating Aspergillus niger

Yong Ja Park and Jong Hyup Kim
Laboratory of Pharmaceutical Microbiology, College of Pharmacy, Ewha Womans University, Seoul 120, Korea

ATl gHbel glei4] Telotzd ofrlol= A
BRIk EN R o =y SH | R

% T & W
RIERTFRBE BRXE HEMENBHE

Abstract: Aspergillus niger van Tieghem was cultured by the method of submerged and
synchronized culture for the study of differentiation. Acid-phenol soluble cell proteins of the fungus

were extracted from four stages during development. Those acid-phenol soluble proteins were

separated by polyacrylamide gel electrophoresis to determine the protein patterns.

A new protein band was observed from the pre-sporulation body, color density of the stained

protein bands in four tubes differed according to the differentiation stages.

The number of protein bands in 10% gels varied from 18 to 16, 17, and 19 according to the

course of spore germination stage, conidiophore stage, phialide maturation stage and sporulation

stage.

The genetic and biochemical mechanisms which are
directly involved in the regulation of differential
gene expression and the biosynthesis of informational
macromolecules are central to the problem of diffe-
rentiation(Smith and Berry, 1974). The biochemical
basis of differentiation lies in the production of spe-
cific proteins. The pattern of proteins in differentiated
cells may be varied by an alteration in their rate of
synthesis. In the case of enzymes, altered activity
likewise leads to variation in cellular function. It is
not always easy, when considering the proteins of
differentiated cells, to distinguish between altered
synthesis and altered activity of enzymes. Altered
activity is itself generally a consequence of altered
synthesis of particular subunits(Pasternak, 1970).

Differentiation of Dicyostelium discoideum is accom-

panied by the synthesis - of specific enzymes, such

as UDP-glucose pyrophosphorylase, UDP-galactose
transferase and trehalose~6-phosphate synthetase.
They appear at discrete times after commitment - to
aggregation(Sussman, 1967).

Numerous enzymes including TCA cycle related
enzymes of cyclophorases, phosphorus metabolism
related enzymes, and proteinases have been studied
by many investigators (Doi et al., 1969).

Protein synthesis is required for meiosis and spore
formation. Cycloheximide inhibits the sporulation
process up to the stage where mature ascospores in
yeast are observed.

Incorporation of C!* amino acids into hot' TCA
precipitable material has shown that two periods of
maximum proetin synthesis occur during sporulation
of yeast(Esposito, 1969). Since proteins synthesized

during sporulation of yeast have not been characte-
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rized, there is no evidence at present for sporulation-
specific proteins. On the qther hand, ascospores con~
tain an immunologically distinct antigen absent .in
vegetative cells, which his Béén téutatively identificd
as a protein structure component(Snider and Miller,
1966).

There is little information available on the profiles
of specific proteins in sporulating Aspergillus.

The electrophoretic patterns of cell proteins in
polyacrylamide gels were used for the study of se-
veral taxoncmic problems in the fungi(Razin, 1968:
Chessen, Morgan and Codner 1978).

Schnaitman(1970) examined the protein composition
of the cell envelope of Escherichia coli by polyacryl-
amide gel electrophoresis. Electrophoresis on sodium
dodecyl sulfate-contéining gels yielded from 20 to 30
well-resolved bands of protein.

The proteins of Mycoplasma cells of various species
produce highly reproducible and species-specific elec-
trophoretic patterns in polyacrylamide gels containing
5M urea and 35% acetic acid. These electrophoretic
patterns can be used for the rapid identification and
classification of Mycoplasma(Razin and Rottem, 1967).

Comparative electrophoretic study of proteins of
Acremonium like Hyphomycetes with use of phenol-
acetic acid-water(2: 1 0.5 w/v/v) was reported by
Chesson, Morgan and Codner(1978). The acid-phenol
protein patterns were prove& to be characteristic for
total _protein.

Polyacrylamide gel electrophoresis of soluble protein
extracts stained for both protem and specific enzyme
actxvxty has been apphed to fungal
(Chang, Srb, and Steward, 1962)

for enzyme activity also have been of value

taxonomy

Gels ‘ stained

although the great(_ei' variation in thé patterns produ-
ced _indipate that their value may be below species
level (Hall, 1969). While electrophoresis in the fungi
has been exclusively concerned with the separation
of soluble proteins, electrophoresis of solubilized
water insoluble proteins have prt)ved of value in
bacterial taxonomy.

Si_nce ontogeny is a shrinked diagram of evolution,
§0 tl_le phase specificity in the developing i)ody hay

exhibit specific 'protein pattei'ns which characterize

the differentiation.

If the dlfferentxatlon oecurs in the deﬁned énviron-
ment of culture and in the synchromzed phase, the
specific protein pattern Yhay He detectable.

The aims of the present study is to investigate
whether specific protein be synthesized during the
differentiation of this fungus. In this context, acid-
phenol extractable proteins were mvestlgated

Materisld and Methods

Aspergillus niger van Tieghem (IMI 41873) was
used in these experiments. Stock cultures were main-
tained on potato-glucose agar slopes in the culture
tube at 27°C. Thé basal mineral(M) medium conta-
ined in 1l distilled water: KH,PO, 1.8g, MgSO,
7H:0 0.25g, CuSOqs « 8H,O 0.234mg, FeSO, - THO
6.32mg, ZnSO, - 7H:0 1.1mg, MnCl, » 4H;0 3.5mg,
CaCl, 46.7mg. -

Four liquid synthetic media were used as replace-
ment culture media(Anderson and Smith; 1971). Me-
dium A is a shake culture medium for the germi-
nation of spores. The constituents of its are as follo-
wing. Basal mineral(M) medium: (NHy), SO4 - 3. 96g,
glucose 20.0g, distilled water 1/; pH was adjusted
to 2.2. Medium B contains basal mineral(M) medi-
um: (NH,): SO, 0.66g, glucose 10.0g, polypropyle-
neglycol P 200 1.0ml, distilled water 1; pH was
adjused to 4.6. Medium C contdins basal minerals
(M) medium: (NH.);SO, 1.98g, citric acid 12.6g,
i)olyoropyleneglycol P 200 1.0ml, distilled water
1/; pH was adjusted at first 4.6. Medium D contains
basal minerals except KH:POy: KH.PO, 13.0g, K,
HPO, 1.13g, NaNO; 5.1g, glucose 20g, polypropy-
leneglycol P 200 1ml, distilled water 1I; pH was
adjusted to 5.5 at first.

The homogenate was left for 24 hours at 30°C,
after then it was spun 40 minutes with the centri-
fuge at 18,800rpm(43,544g) by cooling at 4°C. The
supernatant (the acid-phenol extract) was stored at
—20°C(Chessen A, Morgan J.J. and Codner R.C.
1978)

" The assay of total protein was performed by the
method of Lowry usiig Folin-phenol feagent. The
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above acid-phenol soluble protein was assayed by the
method of Bramhall et al. (1969).

The filter papers of 22X 2cm squares, in which 50~
200pxg protein were spotted, and dried in warm air,
and then these were put into 2ml of cold 7.5% tri-
chloroacetic acid solution to fix the proteins. The
acid solution was then heated and maintained at 80°C
for half an hour to hydrolyze and remove nonprotei-
naceous material. The acid solution was then discarded;
the papers washed with ether/ethanol(1/1, v/v) and
then ether was applied to remove the trichloroacetic
acid and lipids and to dry the papers. Samples con-
taining protein were stained with 2mi of naphthalene
blue black solution(10mg/ml) in acetic acid/metha-
nol/water; 1/4/5, v/v/v at 50°C for 15 minutes.

Medium A was used for germination of the spores
in the shaker for 48 hours. in which the spores be-
came young hyphae. Medium B was used for vegeta-
tive growth in the jar fermenter for 36 hours wva-
rying the aeration from 0. 33[ to 0. 51/ against 1/ volume
of the medium. Medium C was used for conidiophore
maturation for 24 hours, and then the washed mycelia
were transfered to Medium D for sporulation in the
jar fermenter, culture period 20 hours. The time
table of replacement culture was slightly varied
éé:cording to the progress in differentiation. All sub-
merged cultures were held at 30°C. Fermenter culture
was held in 1l jar, aeration volume was 0.5 per
minutes except in Medium B in which first 12 hours
aeration was 0.33l. Agitation rate was kept to 600
rev/min throughout the culture.

Mpycelia or spore bearing body from each develop-
mental stage were washed with distilled water three
times after harvest, and then these were ground for
15 minutes at 3,000 rpm in a glass homogenizer
which stood in an ice bed. Ground mixture con-
sisted of 1.5ml of 4% NaCl solution, 100mg of alu-
minum oxide, and 3ml of acid-phencl solution(acid:
phenol: water=1:2:0.5).

The papers were rinsed with hot 7% acetic acid
several times to remove excess dye. The liquid was
dsicarded and the papers put into individual tubes.
Five ml of 0. 05N NaOH were added to each tube and

the dye released was measured at 620nm in spectropho-

tometer. Bovin serum albumin(Sigma Co.) was used
as the standard, and was treated by the same process.

Acid-phenol soluble(APS) proteins containing 200~
250g/100p1 were layered on the top of 10% polyact-
ylamide gel in the tube (Razin and Rottem, 1967).
The buffer tanks were filled with 10% acetic acid
and the upper tank was connected to the cathode of
power supply. Those tanks were kept at 4°C to pre+
vent from warming. 5mA current per tube was app-
lied for each 150, 180, 210 minutes. Dichloromethyls-
ilane was coated inside of the tube as a lubricant.

Amidoblack dye solution(0.3%) was applied for
staining the protein bands in the gels. The stained
bands were washed with running water, and then
acid/methanol/distilled
water; 70ml/50ml/880ml.) was employed until clear
resolution appeared.

destaining  solution(acetic

The catalase, alpha-amylase, alcohol dehydrogenase,
ribonuclease, and trypsin that are Sigma products
were used as the standard reference molecules. And
these were dissolved in acidic phenol saline solution:
(acetic acid/phenol/water/saline water; 2:4:1:3.5)
in order to match thg acid-phenol solution which is
extracting solution. The methylgreen dye was used
as a marker.lElectrophoretic mobility of the protein
(Ef value) was calculated as

distance of protein migrati
Ef= jo) gration

length after destaining

“distance of dye migration
The mobilities were plotted against the known mo-
lecular weights expressed on a semi-logarithmic scale

(Weber and Osborn, 1969).

Results

Differentiation of Aspergillns niger including ger-

mination, vegetative growth, and sporulation
synchronously occurred through replacement cultures
in the jar fementer as Anderson and Smith had de-
scribed(1971). Plates I, II, III, IV and V show the
sequencial development of the fungus.

According to the differentiation the acid-phenol
soluble protein bands differed  each other in their

numbers and mobilities(Fig. 1, PL VI and VIID).
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In vegetative growth stage and conidiophore stage,
16 and 17 bands were observed, although 19 bands
were checked from the sporulating body. Those APS
bands were separated in 10% acrylamide gels and 3
hour’s electrophoresis with 5mA/gel current.

The fourth band of A tube which involve APS
protein of vegetative hyphae disappeared at the same
loci in B and C tubes, but it was appeared again in
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Fig. 1. Schematic drawing of acid-phenol soluble
protein of Aspergillns niger polyacrylamide
gel electrophoresis during the differentiation.
A: Vegetative stage, B: conidiophore stage,
C: Vesicle and phialide stage, D: Sporulation
stage, Running condition; 10% gel, 3 hours,
4°C, 10% acetic acid buffer solution.
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Fig. 2. Relative curve of molecular weight against
their mobilities(Ef) on polyacrylamide gel
electrophoresis. (10% gel, 3 hours, acetic acid
buffer solution).

D tube which contains APS protein of sporulating
body. The molecular weight of the fourth band
was revealed as 48,000 by comparison of mobility
of standard proteins.

The molecular weight of eleventh and tweleveth
bands in B,C and D tubes were about 34,000. The
fifteenth band seemed like a newly occurred protein
band, its molecular weight was revealed as 27, 000.
The seventeenth and eighteenth bands were estimated

" 10,000 and 3,000 in molecular weight.

Relative curves of molecular weight of standard
proteins against mobilities are shown in Figure 2 and
Plate II. Density of color in amido black stained
bands differed each other. Seventh, eighth, nineth,
tenth and eleventh band in all gel tubes were
distinct and darker, especially eleventh band was

larger and thicker.
Discussion

In the sporulation of bacteria, some enzymes and
proteins in general have altered properties compatible
with heat and radiation resistance(Pasternak, 1970).
Some enzymes that are correlated with differentia-
tion of microorganisms are generally functional pro-
tein but not structural one.

The electrophoretic patterns of cell proteins in
polyacrylamide gels were used for the study of se-
veral taxonomic problems in Mycoplasmatales by Razin
(1968). As a taxonomical criterion, acid-phenol elect-
rophoresis of whole cells solubilized with phenolacetic
acid water provided characteristic total protein pat-
terns(Chesson, Morgan and Codner, 1978).

The results of the present investigation are conc-
erned with the protein changes during the differen-
tiation through the replacement cultures.

In this experiment, 10% gel of polyacrylamide was
employed, because of reproducibility, and therefore
relatively smaller molecules of the proteins were ret-
ained in the gel. Larger size molecules of the proteins
were hoped to be elucidated. The phase specificity,
which was expressed as the difference of size in the
macromolecules or the proteins patterns in the tissue
or organ of the body, may be identified by the gel
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electrophoresis method, and this specificity might
define the differential gene actions in the differe-

ntiation.
References

Anderson, J.G., and Smith, J.E. (1971): Synchronous
initiation and maturation of Aspergillns nigér coni-
diophores in culture. Trans. Br. Mycol. Soc. 56(1),
9~29. :

Bramhall, S., Noack, N, Wu, M., and Loewenberg,
J-R. (169): A simple colorimetric method for de-
termination of protein. Analy. Biochem. 31, 146~
148.

‘Esposito, M.S., Esposito, R.E., Arnaud, M., and
Halvoson, H.O. (1969): Acetate utilization and
macromolecular synthesis during sporulation of
yeast. J. Bacteriol. 100, 180~186.

‘Chang, L.O., Srb, A M. and Steward, F.C. (1962):
Electrophoretic separations of the soluble proteins
of Nenrospora, Nature, 103, 756~759.

«Chessen, A., Morgan, J.]., and Codner, R.C.(1978):
Comperative electrophotetic study of proteins of
Acremoninm-\ike Hyphomycetes, Trans. Br. Mycol.
Soc., 70(3), 345~361. )

‘Hall, R.(1969): Verticillinm albo-atrum and V. dah-
lige distinguished by acrylamide gel electrophoresis.
Can. J. Bot., 47, 2110~2111. o

Lowry, O.H., Rosebraugh, N.J., Farr, AL., and
Randall, R.J. (1951): Protein measurement with
Folin phenol reagent. J. Biol. Chem. 193, 265~
273.

‘Pasternak, C.A. (1970): Biochemistry of Differentia-
tion, p.7~8. Wiley-Interscience, John Wiley &
Sons, Ltd., London. -

Razin, 8., and Rottem, S. (1967): Identification of
Mpycoplasma and other microorganisms by polyac-
rylamide-gel electrophoresis of cell proteins, J.
Bacteriol. 94, 1807~1810.

-Razin, S. (1968): Mycoplasma taxonomy studied by
-electrophoresis of cell proteins. J. Bacteriol. 66,

687~694.

Schnaitman, C.A. (1970): Examination of the protein
composition of the cell envelope of Escherichia coli
by polyacrylamide gel electrophoresis,: J. Bacteriol.
104, 882~889.

Snider, I.J., and Miller, J.J.(1966): A serological
comparison of vegetative cell and ascus walls and
the spore coat of Saccharomyces cerevisiae. Can. J.
Microbiol. 12, 485~8.

Smith, J.E., and Anderson, J.G.(1973): Differentiat-
ion in the Aspergilli. In Microbial differentiation.
Twenty-third Symposinm of the Society for General
Microbialogy held at Imperial College, London,
April, 1973. 295~338. Cambridge University Pre-
ss, London. :

Smith, J.E. (1978): Asexual sporulation in flamen-
tous fungi, In The filamentons - Fangi, Smith, J.E.
and Berry, D.R. eds., Vol. 3, 214~239. Edward
Arnold Ltd. London. o

Smith, J.E., and Berry, D.R. (1974): Biochemistry
of Fnngal Development, p.27. Acddemic Press,
London, N.Y.

Sussman, M.(1967): Evidence for temporal and qu-
antitative control of genetic ‘trahscription during
sime mold development. Fed. Proc., 26, 77.

Weber, K., and Oshorn, M. (1969): -The reliability
of molecular weight determinations by dodecyl
sulfate-polyacrylamide gel electréphoresis, J. Biolo-
gical Chem. 244, 4406~4412. '

E B

A7 F %) (Aspergillns niger)) RBW s
7819 Al acid-phenolifitel MEMIESES Hhitishd
HBFER k) Eafe] #(LE polyacrylamide gel
BREBER BRIdD. HBRAA 189 EaE
(ZFE #H 27,0 008E)0) WTWREY FEds o
stet. BaFY] Bl = 1849 EHEHAS A 9od
HFHEREd = 1907 99  Amido black 39
LeaEs AMRgd dad & = v g Bl

2ot

— 163 —



Kor.. J. Mycol. Vol. 8, No. 3, 1980

Plate I. . Plate II.

Plate IIL Plate 1IV.
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Plate V. Platé VI

Plate VII. Plate VIII.
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Explanation of Plates

Plate 1. Geminating mycelia in shaken culture.

Plate II. Conidiophore development(early stage) in B medium.

Plate III. Conidiophore maturation in B medium.

Plate IV. Phialide development in C medium.

Plate V. Asexual spores are formed in D medium.

Plate VL Polyacrylamide gel electorphorsis of acid-phenol soluble proteins on 10% gel, 4°C, 2.5 "hours
(left), 3 hours(middle), and 3.5 hours(right) running, 5mA was employed.

Plate VII. Polyacrylamide gel electrophoresis of acid-phenol soluble proteins from mycelia at- four develop-
mental stages. D tube contains sporulating stage proteins. 3 hour’s running was held with the
same condition stated above.

Plate VIII. Polyacrylamide gel electrophore51s of catalase, alpha-amylase, alcohol dehydrogenase, trypsm, and

" ribonuclease(all Sigma Co. products) on 10% gels for 3 hour s run with 5mA
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