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Cytochemical Observation of Volutin Granules and
Activities of Tripolyphosphatase and Polyphosphatase in
Saccharomyces uvarum

Ki Sung Lee and Yong Keel Choi
Department of Biology, Hanyang University, Seoul 138, Korea

Abstract: To investigate cellular regulation of phosphate metabolism between catabolically repre-
ssed and derepressed states in Saccharomyces uvarum, the activities of polyphosphatases, the analysis
of polyphosphate and cytochemical observation of volutin granules were examined according to
the culture phase and under various phosphate concentrations. As the results, tripolyphosphatase
activity was increased more than six-fold during catabolic repression as compared with those of
catabolic derepression and the polyphosphatase activity increased at the time of maximal accumula-
tion of acid insoluble polyphosphate “B”. Of the low molecular weight polyphosphates, tripoly-
phosphate was mainly detected by thin layer chromatography. When the synthesis of volutin
granules in derepressed cells was observed cytochemically, acid insoluble polyphosphate localizing
at the cell wall was primarily synthesized and then transferred into the cytoplasm, nucleus and/or
vacuole.

Keywords: Saccharomyces wuvarum, Tripolyphosphatase, Polyphosphatase, Volutin granules,

Catabolic repression and derepression.

FEA LAA A 7124 polyphosphate: spore] H
o} A z7|¢| = pyrophosphate® o] £o{#] glow,
nucleotide, sugar-phosphate, RNA 3AJ¢] o]-&#ch
(Kulaev, 1979).

&% A E Saccharomyces carlesbergensiso) A & poly-
phosphates} A& 7ol & o] FA4=A, A4 A
%4 & polyphosphate®] % &4 o] Fadet. &
gk A A A 7]o] polyphosphate?] &40} AAH &
4 91tk (TsiomenkoE 1974; Kulaev, 1979;. Lee 5,
1985 I and II).

E3, ERAZE A4 AR WAdA o F F, phos-
phate-enriched ¥} #| & A] catabolic derepression A} 7]
=, 4 224 polyphosphatert 53] & S22

hypercompensation effect® #%5 ul ¢l (Kulaev,
1979; Lee%, 1985 I and I).

Be 5 AEAAA, 28R polyphosphatet ¥-
A Az Fa3 4%E tx god, o
2o Azv =g, 289z Az orthoP &
% ADP/ATP system®& A3+ 7|55 3ok (Nesme-
yanova's, 1973; Lee%, 1985 1 and 1I).

Saccharomyces bisporus% A £ 2 polyphosphate 3]
3} ACPase 4 9] repression 3= derepressionAlo] 9]
AAFAE 4R A F(Weimberg, 1976) o) 4 & Al £
ortho-P8] Fx7 9% gqlelat st9x, polyphos-
phate 4 9 23] ==z oo HAu=l zio A%
o4, Nyholm (1978)£, algae® A £.2, Nesme-
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yanovag (1978) &
F=2 vt Ak

Tl A = ERA L Saccharomyces uvarumg A B
2 3} catabolic repression ¥ derepression A} ]2 ],
polyphosphate &7 &, ortho-P, nucleotidic labile-P9]
A 5ul ¢+ ACPase, ALPase ¥4 x¢ w3} 2 ACPase
9} ALPase?] isoenzyme patterno] z4}sl ®} g1z (Lee
%, 1985 I, I, and V), #71& %43 (phospholipid,
polysaccharide) @ polyphosphate &4 gkAlo] o] At
AE 49 dF7 dch(Lee 5, 1985).

2 AFE ARAZE catabolic repressions} dere-
pression#] Z-& o, polyphosphatedyd 2 H&o 2 A
##HH tri-polyphosphataseg} polyphosphatases] %4
E5HE ZARE:, ARA T ZA 8+ polyphos-
phate® thin layer chromatography™l & Sste 2
A3l Az JARNA 2FFLE HYdaA
4.

= WM GA B GAAI g HE F EE A
o Azd 344, AEH A4, 4844 =4
71 913 44 ¢ 5§ volutins}gel AxdA A&
7 3¢l o ’

E. coliE A sz §Ag AT7 A

Hz 3 Uy

EEe MF EH ¥ WX

E 2 A Z Saccharomyces uvarum ATCC 90802] cata-
bolic repression & derepression 22| 3 ¢l AL 7}uj) k&
A2A1985 I and 1) 54T PPz F3idd

49 @4z 53

1) Tripolyphosphatase, polyphosphatase.

Trlpolyphosphatase(Trlpoly Pase) 2} polyphosphatase
(poly-Pase)d] 4= %742 Kulaev and Konoshenko
(1971) ¢} Rubtsov and Kulaev (1977)7F #& wej
A3 . 0.5 M Tris-HCl buffer (pH 7.4) 0.1 ml,
0.01'M MgCl; 0.05ml, 2M KCI1 0.05 ml, 7|34 &
(Tripoly-P= 1.5 mg/ml, poly-P (n=15)1‘: 1 mg/ml)
0.1 mle} 5&£5%9 0.2 mlE shste} RS AZG &
253202 AR 1985 I and )9} u3t71A] 2 Hughes
(1971) Hc}“,‘j of 9sle], uldlsgl 54 & 15,000 rpmel
A 1087 AR A5 L o] &3

37 C°ﬂ/‘1 2047w AZ on, d8-E AR A
# 0.5ml 7% PCA &4 & 7tstgich 48 £ 4
F9¢ A% Astd ortho-P A 3wty (Berenblum and
Chain, 1938) % o} 83std E4e) 04 A3 F4=

orthoP% AFFozd FY=& :1‘3]'91"]‘
Thin Layer Chromatography

1) %71 Z ¢ ql A (polyphosphate) 8] ]

TLCol A3l 43 a=mAdxe FrZ=d4e
£2 ¥ Harold (1963)9) wfol Az, HAF &
24 %o alkaline sodium hypochlorite® 25°C, 45%
7+ A% ¥, 1 mM EDTAY &44 1.5M NaClst
ethanolgd H#lstd Fr1Eecl4 £J7EF I

o] & Aurenge and Normand (1964)2) ##e] ntel
TLCE A &34, F, cellulose (Sigma Chemical
Co.) layer® o] 83}l o, linear poly-Pe £ & 4
slo}, A EulE ZEF4, ethanol, isobutanol, isopro-
panol, conc NH,OH, TCAE E @& (30+35+15+
2040.4+5 g) ZASA.

FHAANE 14 em7AA o, AA F A LA

AzA7) %< 1 % ammonium molybdate& & &5
3 4 zq_}_x 171 = 1% SnCl, (in 10 % HCD %
o & EF3te] DAL

Volutm nglel Ay

w7t HGF ARALE 41'6}'3‘], FHTE A
H8 #, slides] ©¢slz 42 248 F acetic acid
7} A 7}% toluidine blue-malachite green 44 &4 -&
Aatsta, 3~587 A Egch adn FRT4Z AF
@ g& KI-I, 948 387 @344 42 FiTE
AR = AAsE S AL 2548 99  volutin
AP AL L v 5oz sty v (Laybourn,
1924).

<

a0 5 1@

Wi =0 EE
HE=
catabolic repressionA] 71 & %A £E&, 94A 4 A (YE)
o} A A FEE Q4g AG HzuAA cata-
bolic derepression A% =, tripolyphosphatase<}
polyphosphatase A =& =2A¢ A+ Fig 1,2
2 3¢l BAAT
catabolic repression (starvation)A 7l Al £7F A )
ok 2o ®ldte] tripoly-Pases) A= 6ulo]l A} F
sbatg = (Fig. 1).
gl Ake] A bl ko] W& tripoly-Pased) A x5}
catabolic derepressiond] @ =, @ut H = Pixs
F3A ge MEFFEOIA, NFF A5H o2 &
24¢ vefed, 33 A4¢ ¥ 348 47

tripoly-Pase 2! poly-Pase2]

flo- oit e
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Tri -poly-Pase

Specific activity (Pi uM/mg protein /min)

2
1}
1 ! . N
0 12 24 36 48Chrs)
Duration of culture
Fig. 1. Changes in tripolyphosphatase activity during

growth on YE medium.

Tri~poly-Tase

B s
IR
& el -
= m

Specific activity (Pi uM/mg protein/min)

4% hr;)

Duration of culture
Fig. 2. Changes in tripolyphosphatase activity during
growth on minimal medium supplemented
with sugar and Pi free (St), Pi free (PO),
Pi limited (P1/5) and Pi sufficient (P1).

Tl AE A wol Astg MFFArF T4 &
429 ZaE e AR (Fig. 2). o=
Pase #4 =9 FelE 5UxA3}e] A9 ALPase, AC-
Pase, ATPase@ A = W39} Ao $AF& HolFd}
(Lee%, 1985 1 and I). o] &}zto] w3l A% A3
2} 71 74 ohd repression] & tripoly-Pase @ ALPase

tripoly-

0.3
poly - Pase

2
-~
£
N
s
R
g
a
ae
£ | 1
= 0
]
Z o5 3.0
=

-

pel
z i
<
= = .
2
= 2k poly - Pase
°
2
3

R

rARE

0 12 48 (hrs

Duration of culture
Fig. 3. Changes in polyphosphatase activity during
growth on YE medium and on minimal
medium. Symbols are the same as the previous
figure.

T B EotA AL ohE %79 phosphotrans-
ferase ub-g- WA AHo] A& Aoz AA4d &
- At

Polyphosphatase] 4 %+ tripoly-Pased] Z4 =
Fd &+ 22 catabolic derepressionA] A& #A = F4
el Al ggken, 38 AELAY T
Aol AN TEL mal Ao EL BYEE Y
9} (Fig. 3; Lee%,198 I and I).
218 A F B AT A catabolic repression]
A& @, A 2 A poly-P F FHge] A &
2 470 4 poly-PE £d, o]&3lE A4 (poly-Pase,
tripoly-Pase) 9] F#A %7 %Hqtx, PO (phosphate
free) A g ol A A& E& 24 & e F42,
poly-P% o] &3} 4o ¥4L poly-Pe 23, &
of #u3 & 8 e, FA4E %I Nesmey-
anova$ (1973), Grillo and Gibson (1979)2] < F-¢+
f-%3sf et

Poly-Pel Alz W FAo] o7} A&, poly-P¥4
o] d 83 F49 activation ¥E inductiono] }rhu}
71}, poly-PE& o] &3t &4 9 repression I inhi-
bitiono] Aejrtefl HAY, FrAA ZFI dojrie &
Aole}. =2+ poly-P kinase (poly-P §A&a)o 2

An e poly-Prt 74" =, Frhsts(Nesmeyanova,
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A5k ¥ 2 (Stahl and Fel-
Ao A poly-Po & F

1973), ADPd] A 3}3 o]
ter, 1975)¢ A7 o, £.
o] ZraEE A7,
A Zg Aol &Ld A7, poly-PF &L =iA
poly-P (poly-P “B” type)e] FA& ZFrtstdd A
(Lee, 1985 I and 1)% A4 7]=, tripoly-Pase %
poly-Pase®] &4 % F7t= poly-P & 744 4] s+
poold && T8 ge 4EE4 poly-P2 FA o ot
dGxz A44d ¢ gded, o8 4424 F catabolic
derepression & =, A £ poly-PY i}‘é%i-— & &
Ao 7rag A 2% repressionA 7] @ s oA A
¥44 poly-PE pAlAoR ﬂff}“ BFFoz AY
Heol Az FA48 £ + g

= poly-f’ % &2 =% ortho-P¥3, ALPase, poly-
Pase, tripoly-Pase &4 %9| peak7t A9 dAFE &
4 A4l = (Fig. 1,2,3, Leed, 1985 1 and 1).

B of Fol A . tripoly-Pase?] Aol dwtyeoz A v
k274 E3 poly-Pased| 34 xth W% EA Vel
L 4], tripoly-Pase?] @4 %7} poly-Pased Az x
o} 3d] o4 A vebgdohiE Kulaev (1971 59 #
o} fretod o

wa}A], LeeS(1985 1,1 and §)9] 4 F9 & 72
A#E ZF9 2o catabolic repressions] 7] A ZejA
9l At Alof] #HEl® FA7F(ACPase, ALPase ATPasz,
tripoly-Pase, poly-Pase) =5 derepression® 4to] ol
e B AU
% catabolic repression(53], p, free) %EHQ ] gt al
) Atzd kA& phosphate groupg 7tFH-3 3=
249) dereprssionel]l 2]3lo] compensation® & Z o=
A & AAvh

£ B4 24
Fig. 40l B A& ule} Zo] ZRA X EAste
ABA (<8, pi)F7 %2 AL tripolyphosphates} F
2 A23 9% ortho-P A4 whaF FHo, 2>8
ol 4o F-7 E= AL AMNHAA &3 origind B
¥ A& A

VolutinItgf 2| M| Z &t

Ze e ar = ©E A EdA, Babesh-
Ernst bodies, metachromatic granule =3+ volutin
granule® o AFE A AZH FHEY FF
2z o#x 9tk (Kulaev, 1979; Widra, 1959). Volu-
tins gL Z&8 4, RNA, =3, x4, %ol
(Mg)o] Egd g Agsel NrH(Widra, 1959) 32
3kt

o

i)

g

Z catabolic derepression#] 7|

SF
Mono
Tri
0 A n)8

12

Fig. 4. Thin layer chromatograms of polyphosphate
from Saccharomyces uvarum cells.
1: standard substance (mono; KHyPO,, Tri;
tripoly-p), 2: poly-P in yeast cells.

%= volutin®} 8 2 toluidine blue?} methylene bluezt
L d7]A A zo] 93] metachromatic stainingo] ©]
HA e, ol& volut1na+%]«] q 2 B Z g gl Ao

g8 Eo]skA metachromasy?ﬂ Ao} bt (Kulaev,
1979).

Volutin##-& @41¢ ¥}z %= phase-contrast 3
wAZe] o8 AW AFo) JFEEH(Widra, 1959;
Wilkinson and Dugid, 1960).

E ZEAZAA AEEA ZEA FALHIA
Ao A 2% =& peripheral regionol, 4784
dalae Azdd, 47484 Zedae Ao 9
gk 319 ot (Indge, 1968; Kulaev 1979).

AR A FA7 2 o F2AES] Fr14
A7t F)ol wE volutinah o) A3 g Az
AAE zAslgE o = AE Fig. 5,60 Z A3}
et
F2t qlake]l AgA WA AET AZ(S)AA

g4 AxY £99 volutinAF & Holx &gl
A ¥4 A A AGTFPOE A
+, catabolic derepressionA] 7l A1 & F 2 Fo A 124
7 W FA S W, AEe e 423 g9 A
ek F3e] AR AL E U o, 2447 W
FolAde 2F AxAF 53 f 2} Yo volutina}F 9
P& & A+

i rlo

2y

2l

>

fil

©]

MO

N
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Fig. 5. Observation of metachromatic granule in S. wvarum during growth on YE complete medium and

on Pi free minimal medium (PO).
the culture (hr).

S— starved intact cell. The numerals mean duration of

< e Ls»)\' v, P 1/5, P1 A&Fo)A el
u} 2} é] Abg- wol Hrlste] ujkdte] what
A 2 (53] "%‘ f?_)°ﬂ AL volutin# 7 o F44
et
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Fig. 6. Observation of metachromatic granule in §. wvarum during growth on Pi limited minimal medium
(P 1/5) and on Pi sufficient minimal medium (Pl).

ol 9pzte A W FAE AEEA poly-P “B” dFASe dAg E, WE FrA4 A Ao
“C"33 F(Lees 1985 1 and 1)3 A2 @A) A5 %7}—4 /111 ZE A2 Qg biomassd F71E x4l
S A Az goew, or]A E7 8 AN AF A 244 FHQAY a2 49 34
ERAAE 44 AXY g EAE FrlELa < Frq4 %%Eﬂﬂl/‘14 ZEA Fr €Ak
Ato) MA 42 F, MFHAAT A (N FAA, 715e] 9% dg Az R 2dste FEeolsd o
FAe4 fFo] vE 4FF) #e, AXEE A% E 5A, & a2Ex49 AEE&4 FrlEE Qo] E

Hejrte A& £ 7 ddd ol A2 Fr1q A4 A Z ks o], g A gsietd w3

A ARA AT o] EAshE ZEA F)EH &
AL #AdsA FAHA FEdE Kulaevs (1970)9 Q4o 3

1

=z ]
% 243 239 ¥ 5 9% = E
49 494 Fade ydd A%
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kel AT ol F3 A E QA A wdo]
dol vt ¥ 9 (Kulaev, 1979) % 2E5} a4z
EdTolAE volutinadd o] 44 4 A% A=
St A xe] 98] wolEdA EARA FHd wat o
FopA WaEte Ag 2L F At

5 e

o] A+E EX A EE catabolic repression# derep-
ression N & #, polyP ¥4 2 Fel 44 g
tripoly-Pase2} poly-Pase®] ZA % Fu| S zatslel Al
ER edk A 2F AL ddstnd g =
TLC #4-& B8 ¥ Zaladde $482, WS
A7 2 elat A kel =B Fr) Z2Ql e Az
A4 Ad, Azd 94, AFAFE 2487 99
A4 ¢ 5 volutin #HA S Az R2e H59
t}. Tripoly-Pase &4 ¥+ catabolic repression4] 71 A
2ol A derepressions A Xo u]lale] 6l o] A} =r}at
Fom, poly-Pase $4E = 4 284 Fr&e14q
poly-P-“B"7} Al &4 8% vehd Asd Hdg &
4x % 2% Linear poly-PY EHoJA = tripoly-P
7t F2 AU 2280144l poly-Prt ot A&
9 t}. catabolic derepressionA] 7] A Zol A volutin}g]
d AL ALEH e FAHRPL 9, AxHd &
Aste A 44 T EEddle] $AHen 4
gov, W wel Axd, A mE Xz FHo
9.
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