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Studies on Carbohydrate Accumulation in
Aspergillus niger During the Differentiation

Shin Sook Kim and Jong Hyup Kim
College of Pharmacy, Ewha Womans University, Seoul 120, Korea

Abstract: The changes of total carbohydrates and trehalose levels during differentiation of A.

niger were studied. Aspergillus niger was cultivated in Czapeck-Dox medium by the method of

surface culture and shake culture. Total carbohydrates and trehalose were fractionated and

determined by the method of Trevelyan and Harrison (1956).

Total carbohydrates and trehalose

accumulated in A. niger during sporulation. The influences of nutritional starvation on the levels

of cellular carbohydrates in A. miger, which was cultivated in each nitrogen, phosphate and

glucose limited Czapeck-Dox medium, were studied. The levels of total carbohydrates and

trehalose in A. miger cultivated in nitrogen limited medium increased much than those cultured

in full medium. The total carborates and trehalose levels in A. niger cultivated in phosphate

limited medium increased, but the increases were less than those cultured in nitrogen limitted

medium. In glucose limited medium, any changes of total carbohydrates and trehalose levels

were not found. It is considered that the biochemical mechanisms responsible for the changes of

total carbohydrates and trehalose levels may be related with differentiation of Aspergillus niger.
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and Anderson, 1973)

Smithe Anderson(1971)& A4 T4 Fx24 o
2 43 e die Agsded, A I
g APANz A2FFE ARAZE 9, =AY
ol 4z, dafdozA TCAYZY ZFANEQ F
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Age] A8t at.
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b, A} g4 HlA

A A ] F& W)X = Czapeck-Doxw] 2] & A-&3161 e
Czapeck-Dox¥} x| 2] 4 & (Table 1)s} 7t

kil

2 A& 500mle] FFRFR B
< A 15g% Folx HA X
,000m! A =bE4lct.

Table I. The composition of Czapeck-Dox medium.

Ingredient Amount(g)
Glucose 30
NaNOQ; 3.0
K,HPO, 1.0
KCl 0.5
MgS0,-7H0 0.5
FeSO, 0.01
Distilled water 1000ml

pH was adjusted to 6.5

c. RAw] g WA

Table 1 ztc}.

d. G4 Ag '

@ A4 A3 @A : Czapeck-Dox i x]g] & A9<l
NaNOs #3wte 7| 2ol <o) A9 75%, 50%, 25
%7 AA R+

® o4& A& Wlx] : Czapeck-Dox A9 <alAagal
KHPOS #3ute AEMA Y 4909 75%, 50%,
25%% A 39t

Table II. The composition of nitrogen limited
medium in Czapeck-Dox medium.

Conc.
Im 7%  50%  25%

Glucose 30(g) 30(g) 30(g)
NaNO; 2.25 1.5 0.75
K;HPO, 1.0 1.0 1.0
KCl 0.5 0.5 0.5
MgSO4'7HzO 0.5 0. 5 0. 5
FeSO, 0.01 0.01 0.01

Distilled water 1000ml 1000ml

pH was adlusted to 6.5

1000ml

Table III. The composition of phosphate limited
medium in Czapeck-Dox medium.

Ingredient C& 75% 50% 25%
Glucose 30(g) 30(g) (30g)
NaNO; 3 3 3
K;HPO, 0.75 0.5 0.25
KCl 0.5 0.5 0.5
MgSO0,+7Hz0 0.5 0.5 0.5
FeSO, 0.01 0.01 0.01

1000ml  1000ml

Distilled water 1000ml

pH was adjusted to 6.5.

@= A8 W x| . Czapeck-Dox Wizl je] &
2o ggs AR Fad

23 2} 75%, 50%, 25
%= A gtsta o '

Table IV. The composition of glucose limited
medium in Czapeck-Dox medium.

Conc.
Ingrednr S 5% s0% 2%

Glucose 22.5(g) 15(g) 7.5(g)
NaNO3 3 3 3
K;HPO, 1.0 1.0 1.0
KCl 0.5 0.5 0.5
MgS0;- 7TH:0 0.5 0.5 0.5
FeSO4 0.01 0.01 0.01
Distilled water 1000ml 1000ml 1000ml

pH was adjusted to 6.5.
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(2) Trehalose®) #38 9 A&

8 T4 100mge] 4 0.5 mol, trichloroacetic
acid 4.0mlE 732 W&yl A 142k B2 g}, o]
AF EE FA. gowl trehaloseF Fo] £ gAY
Atk 3000rpme) $EE 587 YA FAF £ 4.0ml
FREEZ Aqtz 2 459 $9 Bmle P o
9 1.0mle Hstel FFE ZAA. o 9 4.0mgE
$¢ A 100mgel At AzFFE o) 9
A4 &8¢ TANEY 00meel A ete 2AE vl2)
et FFo] Yol 80°CollA Feke] & wAR A
z 8t}

3) #slEd 25 A% FTHAZA
Anthrone 2g¢ A ZH4 75mlet F3 4 (G.R.) 950ml

of %4 anthrond] ¢-& =+&rt, TF 3 (glucose, treha-
lose, G.R.) €9 1.0ml& 7 A A% (2. 5cmx15¢m)
of 4o FF52 3.8mlE =Ed. & 4& ¥ Ant-
hroneA ¢ 8.2mlE 50mlE® o 2Ry Agte] 73
Az 2 Eel S vk o] Wol Anthroned % A4
dFol Fae AL Aok @k, AdAS AgAHE
2 Rz 727 243 EE 08 WA F &
FEEAA 587 WFAA F 620nm stFo
¥4 F5A2N FAEE FAHRC F dgE

T

e FEIAZ RFEFA, trehalosed:& trehalose
F Aol €3t glucosedt trehaloses] ¥ X (ug/ml)
FA84 . ’

o
A
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£

RBEHER

1. Czapeck-DoxHiX|0 A2 EXISM  Ars

EIAAFozRY TAwel, FA4AHE, A, A
44 2 2AYAAAL BIHAFE 1247 HHeg
F@sg . e

a. Ag )k A

AL v Aol HAEF 4847 wlo] wol FaAE F
dstAl A Astsl A st (Plate 1 #2). 6547 3
dF 2Age] LAt (Plate 2 F=). 2} %
Ag AL dolvx gkt

b, AA Wl A}

B kel A 8047 AT AR FAHz £ E
Ho® YA BAE Y} (Plate 3 F2). 90AzZ £
of A 4A3] A S FA Y (Plate 4 F2).

2. XM M2 ExEEe HE

AR FFol & AAWMYsd T4, AY, 47, =
A FAe AAA AR F dFSEF L 2AFH
A 1.5% F7+sbglew (Fig.1), trehalose: 2434
Al Frsld ZAFAHANE 9.3 FaiP
(Fig.2). A3 A= & gFgEde T4 33
%ol AFRot EAYAHAE 51% et
(Fig.1). & trehaloser AADAIAE 3. 1%9)
et ont, 2AHA AAd e 17% 29 (Fig.
2. AR FHole AL AN FAA A7 He] =
A4 AAMPAA ARE A= A% ZFL
Bl 91 th(Fig. 3, 4). _

3. U HBH TR El-3EU HE

WA e A&l AA FPole F BFEEFT ire-
halose#ol viX QF& HAES37] ¢ 8 NaNOs&
75%, 50%, 256%2 AFARAE #, F ©BsIFE9
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(Plate 1) Growing hyphae in
culture.

(Plate 3) Phialides are for-
med in surface culture.

.
.

(Plate_2) Vegetative hygh;}i{e &
ake

vesicle elongation in s
culture.

(Piate 4) Spores are formed
in surface culture.
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FFe ALuAGAe FAAA B} Lo~1.8d F
7}t 3. (Fig. 5), trehalose $8-& 2.1~2.74] %713
A}t (Fig.6). K.HPOE 75%, 50%, 25%%= A&,
€ H, F dTEes #3e L2~1.64 Ftgn
(Fig.7), Trehalose] ##%& 1.5~1.9d1 Zrjstedich
(Fig.8). Wixe] ZTR#22% 75%, 50%, 25%% A
g e A, FA53E D trehaloses] FFL ¥
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Fig. 1. Total carbohydrate accumulation during
differentiation in A. niger on surface
culture,

on set sporulation/.

104,
2
2

e
S8

Es

601
Qo
n
©
_‘é 400
(]
"
o

20)

0 20 40 60 80 100 (hrs.)

culture time

Fig. 2. Trehalose accumulation in A. niger during
differentiation on surface culture.

334 ek gtet(Fig. 9,10).
2 =E
EAG Yol Fitsl & B5eA Wl gL 3 2o Bl

A7d s gen, 43 FEL 9 = % Esposito,
1969, Forell, 1969). ol & @3} gl A 73 T4
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Fig. 3. Total carbohydrate accumulation in A.
niger during differentiation.
A Grown in shake culture.
B: Sporulated in surface culture.
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Fig. 4. Trehalose accumulation in A. niger during
differentiation.
A: Grown in shake culture
B: Sporulated in surface culture.
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EY ool
H 800 Z 80&1
N { A B
Iy N
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4001, 400}
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2 20f Zaop
L 1 L s . L L L —L_ —L —
] 20 40 60 80 100 (hrs.) 0 20 40 © 80 100 (hrs.)
culture time culture time
Fig. 5. Total carbohydrates accumulation in Fig. 7. Total carbohydrate accumulation in A.
A. niger cultivated on nitrogen limited niger cultivated on P. limited Czapeck-
Czapeck-Dox medium. Dox medium,
O: Full medium O: Full medium
x: 50% NaNOs X1 50% K,HPO,
AL 25% NaNOg A 25% K,HPO,
A: Grown in shake culture. A: Grown in shake culture.
B: Sporulated in surface culture. B: Sporulated in surface culture.
0o}
a a o =
T 2
380 /7 aset A s
¢
R N
A i B by
60 604
?Z W0F s 40
:
z"r // & g0
N - N I R L
0 P} W0 m m 100 Chee) 0 20 0 &0 El 100 (rs.)
culture time culture time

Fig. 6. Trehalose accumulation in A. niger Fig. 8. Trehalose accumulation in A. niger in

cultivated on nitrogan limited Czapeck- P. limited Czapeck-Dox medium.
Dox medium. QO: Full medium
QO Full medium X 50% K,HPO,
%! 50% NaNO3 A 25% KoHPOq
A 25% NaNO; A: Grown in shake culture.
A: Grown in shake culture. B: Sporulated in surface culture.

B: Sporulated in surface culture.
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#g/ng(D.W.)

.

400F

Glucose

200+

BTN

, . N
0 20 10 G )

culture time

Fig. 9. Total carbohydrate accumulation in A.
niger cultivated in glucose limited Cza-
peck-Dox medium.

O: Full medium
X . 50% glucose
A 25% glucose
A Grown in shake culture.
B: Sporulated in surface curture.

W3 st Croes(1967)d & AR AP A
o AzFFY A3d Foidd, z FEF 99
30 A% el APz At

Roth(1969) & Saccharomyces cerevisiae®] ZAE A
A AZEdRQel AzFFol Frleted o AzxF
F F719] 67%% trehaloses} B84 E4¢ £93 o
T8 gl Aol #S wt@dh. Trehaloser: 71434 31
glucose 2 5= 2942, Trevelyan 3+ Harrison
(1956) ¢ ar 2 3Y trehalosed APA o2 223L
B A, A M xE TCA(trichloroacetic
acid)o] fdlde B33 £44 $Eoz Fydr
244 REo gz FAHET glycogenol . £
HEe L2e trehaloseO]D]-

A :'ﬁ‘-% o £l w2 3 wER tre-
halose®e] &4¢ 2 AFA ALY o F ©d53E
2 £ W]'E} G Fotete] TRAYPYA A F
B EFE Ak TAAQ FAe] ule] 159 F)e
G or. Trehalosex AARAQd & FAA = 9
2% FFEn ddov, TRAYA AAd FA8 F
7tete] 9.3wo} 234 st} Trehaloseo] %2 A%
2 FAAAA L F BdTEEY 3.7%q Eddod
ZAYY FAAAN = 17%0 st

Trehalosex: 8EE ¥ %319 Neurospora ¢ WL

100}
Z
=
®
}30_
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60y
°
é 40k
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2
=
20 e
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= J
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Fig. 10. Trehalose accumulation in A. niger
cultivated on glucose limited Czapeck-
Dox Medium.
O: Full medium
X 509 glucose
A 25% glucose
A: Grown in shake culture.
B: Sporulated in surface culture.

FH 2] A Y Ao ¢HAx g7
Sussman(1959)-2 Neurospora tetraspermad] A FA|A
27 A3 ZESEIE 2002 Fobsle, o
trehalosese’} 245+ Aoz ol FAAZE A
£ 3F/ AR ol g3tE uel, B Y AZLE treha-
losed ol &3 Aoz FE84 T

Dictyostelium discoideumo)| A trehalosey ¥%.A}who}
A oy Adg e Aoz de P (Wright
and Killick, 1975).

B AN A& AA FTHol9 vl Czapeck-
Doxil o] A ¢ Adaae 44 “'%°]4 T
/‘H]—J % #4:3}E 5} trehalosed o] F7letyE AL

4 94t (Fig. 5,6).

FFERAN Y trehalose} ALt 2AYAH A} F4
& trehalose &4 & A9st= 71 FE Avigad (1960).
ol oA A A=dch. Trevelyans} Harrison(1956) -2
23" F 9= AxYo] & W trehalosert ¢4
Aoz sk AzEdolv Aol FAHZE A=
A&l PolE trehalosed Aol dojd F A+t
(Panek, 1962). o= otu]x4 #4A} trehalosed4
o g8 59 £7 9 A2 glucose-6-phosphateE-
A5 Aol doltER ofnjx 4 APl HA go
] trehaloses =2 £78 WAHEQ G-6-PEYEH F3
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3] 48 = Aolot, Transaminases
9] ZA 3ol A 9] trehalosed] A&

A& 3= INH
A 4 9 trehalose o)

A Apel] A g = shvte] A7 "k (Panek, 1962).

Cabibs} Leloir(1958)= &29 FZ&Eo|A Uridine
phosphate glucose (UDPG) ¢ glucose-6-phosphate (G-
6-P) 7} &3 &te] F71E4 9l trehalose phosphateE 4
A gl o) Ao] 8 st trehalosedt F-7l gl Ao B
2L w3ty ol#l g trehalose@d A &4 7178 4
AAZ} FAA L Olé“lﬁ o oz AgAze A
trehaloses} wo] 34 = %= AL trehalose @4 7l
o B 9= Aol o]»»]a} ofm] =4 F4 7 treha-
loseg A Atel 3% FAWAEYL G-6-Poll AF AT
of Aotz & geow AFY A E® FHdA
uhy -3 (gene expression)o] &4 24 Aoet.

Wrightol Killick(1975)¢ Dictyosteliume] +3}ol
w2 trehaloset] A} Foll A trehalose”} 3o wtzf
FA8 Fbete dabey FH HFAEFS stz
vrgc}h. ol trehalose@ Aol HJste T4 WiEE
gz A A A B

Asletd Hate B guRE ofd 5A A7
of & Edo Axuo] dAFZ FoE FHsHE AA
olgtm AY# 4 rt(Wright, 1978). AR E 3ol
2%]—33 A A o)Al trehalosert 402 *—7]—‘3}% A

ol9] FAolAd e FaFAel Jdd=tz 4

%"]’- a2 o] &9 Aol el Hold Ad
doz qFgste] ofg Hojrh

»

2 ®

AR FHoly ¥l wE T
trehalosed] =W sl& 01?‘6]—9\1# AR F =
Czapeck-Dox o) 2] 9] <} 2.A4] Z] ghal] o5+ A 2] o) °ol‘§ o 9
g i gFsted A FTFolel 7 £IA A
9 & g435E ¢ trehalosed 28 Trevelyan @ Har-
rison(1955)9] #stEEE 2 A@dd ¥ F4%
At

AR FFolrt EaAE FA4E o F arSEY
o] Z&7}59 3 trehaloser 53 TAFA FAo A4
o2 Zretg e, =g iAWY AEdTF 2o %
E sgesEge] Watd a7 A8 B A AHE
% Czapeck-Dox #] A9 4%, 44, glucose &
o gBY ARA 34 Fhe] BAA 7 Aol
o] g5 8E A trehalosed & W3l g AHsgct. 44
99 #Fe AFE A, F 2d53dES}  trehaloseFol

1 A A vl P S 2o Fopetg e, A4k Al
A% & g43E 3 trehalosedko] Frlstg oy, A
&9 A AAAA M FRE A R FalA 2R
o, TE3z gLARAE & ‘%}‘Fﬁ‘r“ 9 trehalose
Fol Mg AAF 4 ik ol F F wrIE d
trehalose®] ¥aFWF-& A F4o] 9 *\:E‘l-g} #4
o] iv ALE #Yg.
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