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The Effects of Cyclic AMP, Theophylline and Caffeine on Sporulation

of Aspergillus niger in the Defined Media

Young-Joo Koh and Jong-Hyup Kim*

Dept. of Pharmacy, Graduate school, Ehwa Woman’s University, Seoul 120, Korea and
Dong-Duck Women’s University, Seoul 136, Korea

ABSTRACT: Aspergillus niger van Tieghem was cultured by the method of synchronous and
submerged culture. The sporulation occurred through the culture and its life eycle and differentia-
tion were completed in the experiments. The effects of cAMP, theophylline and caffeine on the
sporulation of A. niger were investigated. In the sporulation medium, the sporulation was
stimulated by addition of cAMP and its optimum concentration was 10-*M. In the sporulation
medium, the sporulation was stimulated by addition of theophylline and its optimum concentration
was 10 mg/m!. In the sporulation medium, the sporulation was stimulated by addition of caffeine
and its optimum concentration was 300 mg/m!l. Theophylline added to the sporulation medium
together with cAMP enhanced the promotion effect of cAMP on sporulation. Caffeine added to

" the sporulation medium together with cAMP enhanced the promotion effect of cAMP on sporula-

tion. In the sporulation medium, the sporulation was stimulated by addition of neither AMP nor
ATP. In the potassium acetate medium, cAMP, theophylline and caffeine stimulated the sporula-
tion, respectively.

KEYWORDS: Aspergillus niger, Sporulation, cAMP, Theophylline, caffeine.
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FAAA g of Ralo] sojdirin gy, cAMPE
Puccinia graminis 4 435 A3 3 (Bose 5,
1974), Fusarium solaniolAe Ttz zlel AAS
< 274z Meyers 5, 1972).

Pall{Pall, 1977)& Neurospora crassa ol #
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racemosusol A ER-FAE ZFo)
3 zAHGE AL ¥udldoh  Silvermand
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Escherichia coli®lA cAMP-= Catabolite (gene)
-activator protein(CAP)® ZA 33t §H2lx19]
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1%% &5 izl dsdzle] TAFAY
= %‘-16¥D}—1— s9x, o] FAaAE Hedze
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Table I. Components of basal minerals for liquid
media,

15, No. 4, 1987

Table I11. Components of liquid media for submer-
ged culture.

Components Contents
KH,PO, 1,000 (mg)
MgSO, - 7TH,0 250
CuS0O, - 8H,0 0.234
FeSO, - 7TH,O 6.32
ZnSO, - TH,0 1.10
Mn(Cl, - 4H,0O 3.50
CaCl, 46.7
Distilled water 1, 000(m/{)

Table II. Components of liquid medium for shake
culture.

Components Contents
Basal I\/[inerals*(xlo) 100 m!
(NH,), SO, 3.9% g
Glucose 20,0 g
Distilled water 900 m!
pH 2.3

* Contents are ten times fold than that of Table I

3) ddwiek wiA) (Liquid medium for submer-
ged culture)

Aok al) = Sl ks 2t 257 HiA]
£ zA35c, 24" wize 24L& Table 1I#%
Zh, Bulxl & AA &£ vl xj(Low nitrogen
medium) 2, 712 F7I9F &4 104 FFA2
100m! ¥x 34ek=H 0,66g 5mM), TFIL2A
10ge 743 o8 2F42 1000mi7}t =A%z, pH
4,602 2A3Act,

CulAl= AlEzildd gagkege] Eol7k HjA
(Citrate ammonium medium)e]®], 108] F=3
7z F71dF S 100miE ¥ g4abetes 1,98
g(15mM), AlE=4F 12, 6g(60 mM)S ¥2o& &

F42 1000mi7h =ASIL 5N FASRERS A
43le] pH4, 692 ZH3ge, °lF B ¥ CHix
2 wjok8-7)(Jar fermenter (£ 17))ol ¥ of&
ot Ealdct, £EZAQ Pyed w2 H-fse] v
oFAe] FFH oz qAet o] do 9

4) Aok wix]

Du}]x] zl/k].q.E _q. =&

n

29 27} Figlt

Contents

Components - -
B medium C medium
Basal minerals*(x 10) 100m! 100m!
(NH,), SO, 0. 66g 1.98¢g
Glucose 10. 0g
Citric acid 12. 6g
Polypropylene 1.0m! 1. 0m!
glycol (Pg)

Distilled water 900m! 900m!
pH 4.6 4.6

* Contents are ten times fold than that of Table I

2] (Nitrate glucose medium)2A, 1082
7l Br9F 24 100 miS Y1 QAlo]&
12g, QAR 44£2E 1.13g, AAYUEE 5.
mM) o F5ae~ 20g8 ¥E F F
Aol 1000m/7}t HE=% 3tgion, pHE 557
=% zAssrh, DAY 24¢ Table Ve
o}, .

ola| Al ®ix]E pHS.5 Tris(hydroxymethyl)
amino methane maleate buffer 1000 m/ol] Yeast

=
s

o rl*l

e
]
A

1g(6
2oy

fhl
=

5 ol Fof
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L

nitrogen base without amino acids 6.7g,
Potassium acetate 1,963g& 71stod =hEc), o4l
EAR wixle] 242 Table Vo #3, Yeast
nitrogen base without amino acids® ZA-&
Table VIz 2t}

°o|% Duljx] @ ofAlEAL wlxE 500m! ®]o]7 el
Yu 57 2emE e £& 7HE A 9 F 19

Table IV. Components of liquid medium(D) for
static culture.

Components contents
Basal minerals* 100m!
Glucose 20.0g
KH,PO, 12.0g
K, HPO, 1.13¢g
NaNO, 5. 1g
Distilled water 900m/
pH 5.5

* Contents are ten times fold than that of Table 1
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Table V. Components of potassiuma acetate
medium,

Table VI. Yeast nitrogen base without amino

acids.
(Difco Co., U.S.A))

Components Contents
Yeast nitrogen base without 6.7g
amino acids
Potassium acetate 1.963¢g
Tris aminomethane maleate 1000m!
buffer
pH
=i e =
A ek
cAMP (Adenosine 37, 5/-monophosphate),

AMP (Adenosine 5’-monophosphate), ATP

(Adenosine 5/-trphosphate), #l22&, 7islql-L
2% Sigma Co. AFE 483142, Polypropyl-

eneglycol (Pz00)2 Dow chemical Co. (U .K.)¥
Ag AHEsge. 29 Al A ZE AR
GR&E A8-3lg+h

SEET
A BIole) BERAL BRG] 9519 Ander-
son? Smith(1971) ¢} wd& &, et ol 4

Sm
w2 Fzulagsisi,

Arellolt A Apmwiokd AF
04 #H Folx Zape} A

ol Al-g-f-2l A2 (Sinter-
ed glass filter) 2 7}3t3tol] AZ23 oAl 1miE A
vilel AF:A)A Agulsisict, AEF 30CH A
eluf oF~] (120 Strokes/ min) ol 4] 48&|7F &b wjok
Bt} A dbelA 7\ FEF A3 FAE A
o,

3) MA vk

ﬂﬂﬂ°ﬁﬂ%4ﬂﬁ4%%%ﬂﬂ% &
o| &4 Cheese clothZ AWyt 7z2& ¢ =2

R 23 AFSL did éJ}Dﬂi ‘Q*i
750 mZ9] ¥iR|7F Eol9e BulAlol AS3idch
8 FAY FAE HERAEEA 2, 0g01heh 4%
Al Paos HFskzm wiekE7]| (Jar fermenter) S I

Ingredients per Liter Weight
Nitrogen Sources
Ammonium Sulfate 5¢g
Vitamins ”
Biotin 2 mcg
Calcium Pantothenate 400 mcg
Folic acid 2 mcg
Inositol 2000 mcg
Niacin 400 mcg
p-Aminobenzoic acid, Difco 200 mcg
Pyridoxine Hydrochloride 400 mcg
Riboflavine 200 mcg
. Thiamine Hydrochloride 400 mcg
Compounds supplying trace elements
Boric acid 500 mcg
Copper Sulfate 40 mcg
Potassium Iodide 100 mcg
Ferric Cholride lo 200 mcg
Manganese Sulfate 400 mcg
Sodium Molybdate 200 mcg
Zinc Sulfate 400 mcg

Salts
Potassium Phosphate Monobasic lg
Manganese Sulfate 0.5¢g
Sodium Chloride 0lg
Calcium Chloride 0.1g
Amounts of final medium from 14.9
100g dehydrated medium

" Sparger) & £3td F71E 3
{

A7) % 640 rpme|
terg A8l SlA&EEE
F& 30CelA Ak
g27] ol wjFE71E 8em
Axzgiet, Fe7IvelA ==
gk wFEIdel gl &

%% 71 5]%& Tachome-
zgalgle, ol A%
vjokgrle ExxAL
781_\;._0 710]5 J:l-:j_o.]

mm T 43

FArAC)| S ALEEgl o
flow meter, 3// min £%)&% ARg3le] =As]
o, HAES AR =
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gdatm, 2 olF 2247k 380ml/ minsl HE

5 FdstAeh F 36412ke] A Fof
= ‘Fﬂfv‘}"i Azxn @ FF42 28]
FAE 2, 0g% ColA 750 m/oll
°P°i"+ A7)0l £ZA Py 1ml #H7pska wix
gkl 1/ 200 dedsle 2] (380 ml/ min) & ZF3k
WA 30°CllA 244)7F il oFatgie,

4) A=Ak

At AR YAH AR Azazsg
Azn WFFFRTE AHE oHE 0,5¢% Dl
AEIFL A7 PAE w7kR] 0CR A Al 3]
At

Zetoje] EXIEMAH

cAMP, 2 ®zl, Fis]le] AAFIo| EAF
Aol vl EHE dolir| Hsje] wHg Fo
HERS A

1) cAMP H7Ha ¥

B33} A7t YAF 2AFI| S CojRoA D
AE {771 HAe| DiAle]l cAMPE 10-°M,
10-°M, 10~*M, 10-*Me] =A A tsiedel. cAMP
% /3R 2 DHiAE dlB2FeR 3o HAAF
BolE &7 T AAMkEAE, 1247 Ao
71‘/‘}91 FeE B, HE 4847, 7247,
FAH ZAFE ZA39h cAMP A
T "z‘ Ao wokl dAgE HIl AFE F
€ dojgl¥ fElgeE TAE vl X, AEEA
Al Polyoxyethylene sorbitan monooleate (T'ween
80)% 14 stz mukE = 28 (Impeller) 2
1000rpm®] FE=2 ayisted Fda AAZ ¢ =
Azz FEAZle, olF 4ARFR(1GI R A

ol e )y

L S

il

® ¥ ZASE E7A4P7] (Haemacytometer) =
Z43Aet,
2) sleg=, Foel B

DuiAle] 7Zisel€ 10mg/ ml, 30mg/ ml, 100
mg/ ml, 300mg/ ml, 1000mg/ ml°] =A s}
da AATHolE 2 ¥ 242 Fol P4 =
A5 ZA43%9ch. Dulixel sledAL 1mg/
mi{3mg/ ml, 10mg/ ml, 30mg/ ml, 100mg/
ml, 300mg/ ml°o] HA Arslm AAFTHIE &
71 F 7247k ol AW TA4E 2515

3) cAMP$} gleda, shslal £4] A

Dujzlo]l cAMP 10~*M3} 29l 10mg/ miE
sl HAsln HAYFTElE F7 F 4847
72/(]71]_', 96’{]711' - o'(o% ]'&F%‘ éool’%\r’}. D

15, No. 4, 1987

vizjell cAMP 10-*M=} 7hslal 300mg/ miE &%
skl A7l AAFTLlE &7 F 48417, 724
7+, 96417 73 7k B FAE Ix4E =AY
o},

4) AMP, ATP #H7H1¥

DHlzlel AMP, ATPE Z7 10-°M, 10-°M,
10~M, 10-*Me] A Hslslz ATl &7
B 7247 Bl FAY EAGE A

5) ol EAIY izl cAMP, ®Hl2Zal, 7t
dlol HrHE .

oM EALE wix|o] cAMP 10~*M, ®ied= 10
mg/ mi, 7ts<l 300mg/ miz} SA ArFge o
7]l zﬂsz}ols $7 & 7247 3o PAE T

Wxz4¢ A, B, C ¥
W WAE 204 ABBHIE ISE o
AgAel et Yo gk, Aol A

wjokal TS #Hslol Avix|olA 484]7F R elul] oF
31918 w wjFzole] EALe] o] ddojpton,
Z7ellE olrl YAINA Logn Frlel= e}
H FAE TYESA ARk AviRA wokdt
TAZ BulAlol A4 36417 dlFsige H, T4
9] Aol sl er] gofiAalelo] AWe] gle
AR FAY] EAH o] EH A,

Buixlola wiekgk FAE CHllxlol] &4 2447
Woketg-s w, ZAgezr He A Al 173A,
A 27AAZE FAEE CulxlolA st FAE
i) DefiAlel &A 3647 wlkslds #l, FAE
Are] A o] dob= RS B3

cAMP ATH AT 5 3647 AF3hed
UAS E2AFA ] AF=E AT, FAY 2ATE €
FAN 2 2T A3 4847, 7247, 96A17 F
2504 10*M cAMP7} 713 £ 2AP4 F3 4
A2 Yehdglch, 2 A#= Fig 13 3o,

s, 7l AEs A4Te =5 36407
+ AF3e] ZAHA o] A=}, DAl AHF
3 A 7247 F g4" IAeE A A, Eﬂ
o8¢ 10mg/ ml, 70 300 mg/ miolA L
Aol A At = A Fig.2, 37
Rt

r.,d

}N
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A3X107]-
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Conc. or cAMP(M)

Fig.1. éffect of cAMP levels on sporulation added
to D medium.

9X 107
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6X 107 7/ ;
107 o /é
100000 6
ZR7RZ NI
3x107k ] 2 ?//
2R7 //4/
R RN RZ RN
% ZRZN5RZ N7
oL 4 o
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Conc. of the theophylline(mcg/mi)

Fig.2. Effect of theophylline levels on sporulation
added to D medium.

cCAMPS} 7hale HAlol AHzlgk T3} cAMPg
e ddg A Hed 7o TAFE A5 A
2}, cAMP ©HE Hz|F2coh cAMPS} H "2l
AlM e F3 cAMPSF 7HIgl FA A Tl A 232}
el o gusllc), 2 Aabe Fig 4, 59 3ok
AMP A#F, ATP A3 AT 2% 36
& AFSte) XA Aol Ajzkzlelth, Dzl

g 2 A7 F YAH EAFE A AT,

o

2

X
°©

K

A7k
=] %

243
12Xx107
2
]
9X107H
:
N
g 6x107 %
: |\ 7N ¢
& % I
3><107~/ % ? L]
oan
| AAAd G .
0 10 30 100 300 1000

Spore number per m!

Conc. of caffeine(mcg/m!)

Fig.3. Effect of caffeine levels on sporulation
added to D medium.

99X 107

T

6X107

1

3X107

Days in D medium

Fig.4. Interaction between cAMP and theophylline
in the promotion of sporulation. 10*M cAMP
and/or 10 mcg/m/ theophylline were added to D
medium.

e, control; O, 10*M cAMP alone; X, 10 mcg/ml
theophylline alone; a, 107*M cAMP plus 10 mcg/m/
theophylline
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12X 107

9x107

6X107
F

Spore number per m/

¥

3X107

L 1 s
0 : 2 3
Days in D medium

.

Fig.5. Interaction between cAMP and caffeine in
the promotion of sporulation. 10~—*M cAMP and/or
300 mcg/m! caffeine were added to D medium.
e, control; o, 10*M cAMP alone; X, 300 mcg/m!
caffeine alone; a, 10*M cAMP plus 300 mcg/ml
caffeine.

ATPY AMPE ZA9A FA&A7 gidieh =2
A3 Table VIS 2,

obAlEAY wizlel cAMP, ®l2%al, Flsiqlg
A7 Aty AW A 24% F 4" 2RSS
+ 543 Z#, cAMPS} sl LAPHE
ot A3, AL FAEN A o 27

viebstet,

ZAA-E%ro]E Smith(Anderson %, 1971) 5ol
32otg A, B, C 9 DUl & Al2-3le] wuloksloict
aEjsbe] E3atAg dgHor zAsle] JEAE
A g AsiAolAE golrl dojtond, Byl
A ZAEY gAol, CulAldME A A
Y PAo] FxA oz doitm, Dufzlolie F
A F=Le] Y Aol dolyet, '

Zx-g 43tz JE Dulxle]l cAMPE #7}
3 AAZIlE wioksldE o, 2AYA FA
3t Jepgrd, olAde Zxd 1%9) ofdlE4t
1% % T3 5279 ZAPAE vl cAMP
b ZEdo| 93 EAPAHAAE sjAsAGn 3
£ Tsuboi(Tsuboi 5, 1972) 59 ZAzbe} ke,

cAMP+= 271" &4 &, adenylate cyclasest
phosphodiesterase®] #-§% %=t} adenylate
cyclasex" ATPZ 3® cAMP29 AL Zvjs}
3 (Perkins, 1973), cAMP-phosphodiesterase +
cAMPE AMPZ 3#dch(Aboud &, 1971), °l
E Z4LEL QAW cAMPY FEF ZAde
d £8% dgE 3Ic)(Greengard 5, 1970),
cAMP-phosphodiesterase®] #4-2 methylxanthin
frAe] 2s] As=lE= (Aboud &, 1971), H2
477} Jhe9l-& cAMP-phosphodiesterasee] =13l
Az ZAggctn @, 2=, IS §f3
DujAlo) sledds} ghelals A4 Hrsige =
vehd 24 E&5e dedals sheqle]
cAMP-phosphodiesterase®] #-&& dAgoz
cAMPE X35 §A 3 Zo| ohdr} st

Table VII. The number of spores influenced by’ AMP or ATP during sporulation in D medium.

(3 days after inoculation)

Chemicals Conc. of chemicals (M) Spore number per m/
10-* 5.090x10"+0.379x 107 *
—5 7 7
5 — AMP 10 5.362x107+0.211x 10
10— 5.354x 107+ 0. 384 x 107
10-* 5.134x 107 £ 0. 520 x 107
10— 5.154x 107 +0. 481 x 107
-5 7 7
5 _ ATP 10 5.096x107+0.599x 10
_ 10— 5.186x 107+ 0. 763 x 107
10— 5.052x107+0. 166 x 107
Control 5.151x107+0. 340 x 107

% mean +S.D of triplicate determination -
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Table VIII; The number of spores influenced by
cAMP, caffeine or theophylline during sporulation
in acetate medium,

(3 days after inoculation)_

Chemicals Spore number per m!
Control 1.225x 10* £0. 043 10°*
cAMP 1.393%10° +0. 098 < 10**
theophylline 1. 440 10° +-0. 118 < 10**
caffeine 1.918 x 10° 0. 129 x 10°**

¥ mean +8.D of triplicate determinations
Different from the control; *p<0.05, * *$<0.01

cAMPS} dledal =& cAMPS 7tedE 54
o] H7159S wolls cAMP REA2Frct Z4)
7t o %e) A=, )AL cAMPY 3o
Azt & 4 glu,

AMPY ATPE AAF%ole] ZAFA ] o}F-&l
TR @kt TAFA diRe] A=
AMPY ATP7F AAFH<s A4 2AL¢ s

o Sk
d F=

ARBA o] AFE cAMP b AAEIele

ZAYA A4 BB H4L + Yot W

W, AMP, ATPS) AZw E3ely 5 oF <%
o Agddo) AND & e A LATel I3
AMPu ATP7F ARTHolol AR 2gshd] %3

% 7beHE o

ofdlEAL iAol 3lojA cAMPME B2 EFL
ko) ZAFA FAARE bR (0.01<p<
0.05), 7tslicle EAFA FHAA7 A of =24
Ve (p<0,01), Fhslalel aztol oA E
‘Loprieno@r Schupbach (Loprieno %, 1971)7F =
g ulel zle] ZAYP Ao} FejHom ALd
DNA 54l #ae] gle Aol obdrh Azt

ZAPRE wiRole Trrto] o] gloeng
AAEZ2rolol Al maintenance energy9t F Aol
macromolecule @Aol a3t oA E Fold
A3 dol AASA Y, FaYoFAM  olAH| o] ERL
B3 vl e ozl Aol Homz zxa
P4 gol AR ok, oejng, zeogd PR 2
AP QL wiAlA AAFH IS WFE W cAMP
T drle) FE, £xddo]l T Lag oy
& 253 TF3 FRA FAlel 2279 2AY
AAEZAE cAMPo &8 sAl=e] gA4E 2R
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