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Induction of Ribosomal Ribonuclease during Catabolic
Repression in Saccharomyces uvarum

Seong Nyo Yoon, Ki Sung Lee* and Yong Keel Choi
Department of Biology, Hanyang University, Seoul 133 and

Bae Jei College*, Daejeon 300-01, Korea

Abstract: In order to study subcellular locality and characteristics of ribonuclease in Saccharo-
myces uvarum, subcelllar fractions 45,000 x g pellet fraction, post ribosomal fraction and ribosome
fraction were extracted during late log, stationary phase and sugar starvation conditions. Ribonuclease
activity was significantly increased in ribosomal fraction under stationary and sugar starvation
conditions. Ribosomal ribonuclease was extracted by EDTA plus streptomycin sulfate and ammoniim
sulfate precipitation. The amount of ribosome in stationary and sugar starvation condition was
decreased three to six fold as compared to that in the early log phase. The end products of ribosomal
ribonuclease were detected by thin layer chromatography. It is postulated that the increase of
ribosomal ribonuclease activity under sugar starvation results from 5'-rRNase, while the increase of

rRNase activity under stationary phase results from 3’-rRNase.
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RNase= phosphodiester bondZ #&¢] RNAZE 7
B dte 54084 24 Ve AESA 7% local-
izationd] we} FEE ¢ Qo FFd A3 FolA,
o] oA, AAEN #F AT 5 9

7154 q WA & = RNase P= 34 2 (Ha
rste, 1982)v X1 & 4] 2o 4 tRNAZE maturationA] 7] =
RNase I& Q& A E rRNA processings] &3t
AW A L] A RNA polymerasest o1& 3 7155 o
Agkel, RNase I, I (Niyogi and Datta, 1975)= <
AA LY mRNAE degradationA] 7]=] A WA L9
mRNA processing 24 ol & & A endonucleases} =&
gt}

AZedAe AEg 752 wala gA &AW
3ol A Aete el 3'-mononucleotides W™ endo-
nuclease?l RNase I 3} oligonucleotide® A 23 oligo-

nuclease(Niyogi and Datta, 1975) o] ¢t}

RNaseZ localitye] whe} T34 xwd A xF 24
3le &&9) ribosomed] EAFE ZLZ VU E 5
1825

B ATFdAE a2 A E(S wvarum)E 43l A
A wl ok A7)} sugar starvation A A S = subcellular
3] 7 (45,000 x g pellet #8F, post ribosomal ¥3
T, ribosomal B3 F)e]A Jelb= RNase $A &
vmstznAa dg9x, TLCE: A43o rRNased 715
23 g & 2A ¢ ohgw A4 WF AL sugar
starvationd 7] A Fol A EBoldlA = =E 2YdHE
rRNaseE a3t =}t 3ty o,
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Agagn ME ANAE Bhest 2L AE A4S
St o

1D ¢4 €A (YE #41A)

peptone 1g, yeast extract 5g, glucose 20g, H:O
1IE £33t zA8g. 252 A2: 97 A
A 30°CE 24 A7 A F3le] 88 L oA 44
Aol A 30°CE A &) (90 rpm)ste early log
phase(YE(E)), late log phase(YE(L)), stationary
phase (YE(S))# 2 A 25 27 44 35tg

2) Sugar7} 235 Knopp's #] %]

KH:PO, 0.25g, Ca(NOs): 1g, MgSO,7H,0 0.25
g, KCl 0.12g, FeCl; trace, H,O 115 g3l 4t
439t sugar starvationd7 A ELE Q7 989
YEu A el 4 30°C2 2447 Awj st F3a ¥
sugar7l Z % Knopp'sA oA 30°CE 7 3A7
(57(3)), 6 A7E(S7(6)) A F  F(90 rpm) 3}t vF.

RibosomeI} Subcellular 2872 &3

Harder 5 (198009 wWl & <7k Wg st A28
o} (Table 1).

744 A 2% NaHCOs7t 0.1M F=&, Triton X
—1002 1% ¥=7F 355 =44 buffer (A) (30 mM
Tris-HCI, pH 7.5/200 mM KCl/5mM MgCly/20 %
glycerol/0. 25 mM EDTA/6 mM 2-mercaptoethanol)oj
G AAAN 40°CE 5 A 7 incubationdtz, 4 °CelA]
1% 74 o2 247 229 w439} (sonic disme-
mbrator, Fisher, mode 300, macrotip A}-&).

o] "homogenate®- 4 °C, 45, 000 x g(Beckman, T2-21)
oA 3027 44 stz pellet & 10 mMEE7}
S =% EDTAZ A2 g buffer(A)9 resuspensionA] 7
o 4 45,000xgdl Al 4°C, 3057 94 23 &
454¢ RNase FAE F4¢ 98 A289 73 (Fra-
ction 1),

homogenateel 4 2-¢ Ha]d AE4L 1M sucrose
chusion-& o] 130, 000X g(Hitachi, 65 p-7)e]4 4°C
2 18A7 224 A48 F 4F4L RNased
B 5A4 ¢ A%t ALt pellet buffer(A)
o & = (Fraction 3) 3}¢] ribosome}kst B = 24|
AH-g3tg o,

ribosome®] %¥& Swida®l Harder (1981)2] #44|
wel 260 nm(Shimazu, UV 150-02)o14 E3x=& =
33k =

Ribosomal Ribonucleases| £2|

Harder 5 (1980)8] #-& &7 W 3ste] Ag3tgl

}(Table I).

Fraction 3¢ 10mM ¥%7 §£% EDTAE A+
3] 35°Cell 4] 45 27k incubationA]zl ¥ 30,000%g
dA 16 %7k 94 #elde] 4 45 Yol ammonium
sulfate® 80 % E3LAA A 30,000x gl A 15 £7F
A4 &5 pellet-g #3 F buffer(B) (30 mM
Tris-HCl, pH 7.5/6 % glycerol/10 mM 2-mercapto-
cthanol) 2 3] 43} 5 rRNased Z4A o2 A&3}7] 9]
& E943 buffer ol A %41k (cellulose membrane,
Union Carbide Co.)& o]t 12 A7 4 AA.

Ribonuclease Assay

71424 RNA(Sigma, type V)& ZF5 1mld
dmg FEE 3|43t ALy

40 19 4mg RNA/mlS 2=z buffer(C) (30 mM
Tris-HCl, pH 7.5, 10 mM 2-mercaptoethanol) 160 pl,
F BT 40 ple golA] 35°Ce A 3047 incub-
ationdt § 25 % cold perchloric acidE 100 ul A 2|3}
od E4 F4& FAAAL

FWT 660 e oA HEHEs s 1 mi=A 345
o] 944 £2(5000xg, 15%) & ¥ acid soluble nu-
cleotide®] & 260 nmell 4] = ALt o).

E49 F4& JehlE 95 1unitS 100 gmole
products/min per mg protein® A st9i o},

Thin Layer Chromatography (TLC)

ribosomal £38 F-o] A &A%+ RNased £4& =
Ask7) 9d 54 ure ¥ 47 A A EL Silica GFas
¢} polyethylenimine (PEI)—cellulose chromatography
A g3ty o

713 24 poly(cytidylic acid)E ZF4 1 mle] 4mg
3] 48t AFL8lgom standard substanceql 3'-CMP
(Sigma)$} 5'-CMP(Sigma)E 10mM %%E A&d
et

100 2l tRNase &4 FE9 ¢ 40 4l poly(C)E ¥
A 35°CellAl 19 A7t incubationdt ¥ 10ule 1M
acetic acid& 78} h.

6,000x gl A 15 &7 944 £t 459E TLC
4+ Az A43r9 e

Silica GF354 chromatography<] 7| &+ £ Mangold
(1969)¢] #Ww¥el wbel n-butanol: acetone: acetate:
5% NHOH: D,H,0=35:25:15:15:10 (v/v)ez =z
g &A% ALAH.

PEI-cellulose chromatography+ Harder(1983)<¢] 4
W et 2542 lem, 1M acetate® 4em, 0.3M
LiCl2 8cm salt gradiento] 9}3le] 7314 .

AAA Bd TLCHL A oA 7247 F polaroid
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Table I. Flow chart for separation of ribosomal and subcellular fractions and rRNase preparation from

Saccharomyces uvarum.

Harveated cells
0.1M ¥alCOsand 1% TX-100
in butffer(A),
incubation at 40'C for OShrs
Sonication(intervals of ocue winue,
at 0'C for 2hrs)
Centrifugacion(45,000xg, 4'C, 30mins)
1 y -
Sup. Pellet
1
i
i
| cesay
. L Fifusati LS 000%
Ultracentrifugation(iM sucrose, Centrifugation(45,000xg,
| 130,000xg, 18hrs) { 4'C, 30mins)
f ] — —
{Suo. (Fraction?}| Pellet | Sup. (Fractionl)] Pellet
N . - R
*RiMase acrivicy. “Riase activity. (discard)
Nilucion wi
Sml buffer(A).
LI
add 10mM EDTA, in- *Nase activity,
cubation at 35'C *riboscme cotent.
for 4omins.
/ Centrifugarion(30.000xg. 4'C. 13mine:

ing

suffer{Bland

12hrs with butfer(d).

— 203 —



Kor. J. Mycol. Vol. 14, No. 3, 1986

camera® A%t &gyl
TLC scanning(Shimazu, CS-920)& 278 nmel Al 3}
KAtk

d4 I

RNase2| #4 = w5t
A ¥4 T4 RNase $4 =5 54 23} Fraction
15} Fraction 2¢] &413}+ RNase T4 EE kA 7|
7t A3} 84 sugar starvation AF & W Fo3 =
Z¢ BolA ¢9or} Fraction 36] 248 RNased)
LZ4EE AA7 53 sugar starvationA 7o 77 2
W, 109 o 4ol FAG F4F vhehu) 9l (Table 1).

Table II. Specific activity of ribonuclease of each
fration during growth phase and sugar

starvation.

Wﬂ Fraction Fraction Fraction
Group 1(U) 2(U) 3(0)
Con 1.93+0.61 3.95+0.27 2.47+0.61
YE(E) 4.19:0.22 4.634-0.66 2.06+0.29
YE(S) 3.0240.16 3.50+0.50 5.734-0.31
S=(3) 5.52+0.67 4.2040.94 7.2020.03
5=(6) 4.8574:0.44 4.7740.95 20.41-0.42

1 U (unit)=100 gmole products/min per mg protein.
Con: control, YE(E): early log phase, YE(S):
stationary phase, S~(8): sugar starvation during
3 brs, S(6): sugar starvation during 6 hrs, Fraction
1:45,000xg pellet fraction, Fraction 2: post riboso-
mal fraction, Fraction 3: ribosomal fraction.
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Fig. 1. Ribosome content isolated from cells during
glucose starvation and growth phase.
11Abxe=1mg, YE(E):early log phase, YE
(L): late log phase, YE(S): stationary phase,
S-(8): sugar starvation during 3 hrs, $-(6):
sugar starvation during 6 hrs.
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Fig. 2. Scanning profile of TLC (silica GFazs) end
products after enzyme reaction.
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Table III. Extraction steps of ribosomal RNase.

Fraction Total protein(mg) Total activity Specific activity Yield (%)
Suspension of riohsomes 60. 00 52.86+2.78 0.881-0. 46 100
EDTA and streptomycin sulfate 15.75 31.99+4°17 2.034:0. 26 60
Ammonium sulfate 3.00 13.914:0.66 4.36%0.22 26

5-cmp Ribosome2te| A=
YEME)AE w2 <9 ribosomeo] e o,
ORIGIN S. F

|

3'-cmp
=
O
Z YE (E)
;3 OLIGONUCLEOTIDES 5-CMP
foet 3icmp
O
[62]
jas}
Il
YE(S)
alcmp
OLIGUNUCLEDTIES ‘
s7(6)
scme
3cmp
DISTANCE

Fig. 3. Scanning profile of TLC (PEI-Cellulose) end
products after enzyme reaction. S.F: solvent
front.

YE(L) Y YE(S)E Ze] w=t 28] 3 sugard FA &
%2 A o] 1/3~1/674A F4 3] a3y F(Fig. .
Ribosomal RNase2| =&

4o I3t FE AAHAEA FEFH rRNasex
EDTAS} streptomycin sulfate 24l & AA = < 2.5
W AAH Y £ 60%A . =&z ammonium
sulfate precipitation #3717 <k 54 Ax 9 AA &
& veded 26 %9 F&& ZY(Table ).

Thin Layer Chromatography0 2|8t MM Z2|

HE

ribosomee| Z#) 3=

ol

rRNased] 7is] F4& 4
HAur7 93 4 g8 AL 24 F£293% 714
24 poly(C)E & AAA TLC ¥yl 93t 44
g B4 A9 5% 2o

Silica GFys chromatographys 3t Z 3 YE(E)d
A& oligonucleotide?t CMP7} vely o= YE(S), S
(6)] A = oligonucleotidert 28 3l= &gtz CMPqt
vdebge, ez TEH oz Y(E), YE(S), S(6)
A nucleotide, free base® A HE & YA EZ
et ot (Figure 2).

3’-CMP¢} 5'-CMPE +H387] $3l¢] PEI-cellulose
Agags. Ax YEEAAE
oligonucleotide$} 3'-CMP, 5'-CMP, YE(S)¢] 4] &=
oligonucleotides} 3’-CMP>} A Z&=9x YE(E)d ¥
g YE(S)elA & 3/-CMP9 oFo] Bt S (6)dA
£ 3-CMP2} 5-CMP7t velstern YE(E)H ]3|

chromatography -

5-CMP¢] ko] % 9krh(Figure 3).
o #
o] Aol Al ¥ A} stationary phaser} sugar starva-

tion A 7] o] rRNase &4 =7} £715 &= & A+ ribosome
%9 ZFaE dBAA & F &, WEFAS L A
%ol wteb rRNased 4= F7He RNAY & i
A B oz}l ribosomed] stability® A7 ThE
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Swida and Harder (1981)¢ Rz &% $-33}c),

ol AF ARE FAd AL 98 o=
RNA ¢} ribosomeg -E— 3led o] & ALE-L reutilization
3}7] 913t nucleotide?] Salvage pathways} switch on
97 WEes AHA, E colis AE3 RNA
3 5= starvationd] A} ZEL Hlwd Kaplan and
Apirion (1975)¢9] A+ A= n] Fo] Ho} RNA £3
4L 94 AEFH oz Foshds Zo| d4Hd
A ot

TLC9 A3 YE(S)dl A+ oligonuclease} 3’-ribon-
uclease’} 1teEbk o} 5 -ribonuclease: Y EhA gk
2 S-(6)e] 4] &= 5’-ribonuclease, 3’-ribonuclease’} v}
et o} oligonucleases AZHA % et. YE(S)el
A& 3’-ribonuclease, 5'-ribonuclease, oligonuclease’}
vhebute). '

Swida and Harder (1981)7} AFE AFA2E BE

A Z(S. cereviciae)o| A sugar starvation AL 4
rRNased] ¥4 =7 Z745ke] ol & latentdt 2579
RNase7t el v}E=4)
Y stationary phase 28] = sugar starvation A] A& =
yel}e]  5-ribonuclease: Wok A7y nutrient]
down-shifte] Aatgle]l veldttz Rzatgrt,

Z 8. wvarum A= S. cereviciaed) A o= Fe] 3-
ribonuclease$} 5’-ribonuclease’} nutrient®] down-sh-
ifte} AaAgel A3 AF 27 we=t 54 34
9 FAEA FAEHE A€ ¢ 5 995 YE©)
A= 3/-ribonucleased] @A xulo] Z/bdtgm, S(6)
o] A} &= 5’-ribonucleased] TA=E7 Z73led o 7
e 529 F4EA FAREAE § AT
oF & Aok & AE UE FL& JE metabolic
stress(sugar, ba_se starvation, 3-& sugar} base?] &
Fol wE starvation)d] I F F49 induction
mechanismo] w27 #FeX, & Ax W, 939
ol gqlol g3te] 49 modificatione] dej o

A olu] EAE F 549 JTHA BARYL E

%"é = 4357 AEQ Ae v dFdk E A
o7 Azdd,

Silica GFss¢ chromatographyo]l 4= EFA4 =5 &
A A Eo] YeEldEd ol & nucleosidet basez A 7+
o) ribosomeo] 4] = 3'-ribonucleaset} 5’-ribonucleases]
dx BFE 347 bindingse] JdE AL A &
+ 9 ' ‘

3/-ribonuclease late log phase
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q 2

Au 2 e W As] 4
sugar starvationA]7]e] EoldtAl 2d =& FEHE
RNase?| localizations} &4 zAbst= A 819 v
AA vk A7) 2 sugar starvationA]7l EE A E
E AX 8 =2} RNase %"5’ & FA3%es ¢4
ribosome ¢ ¥} = A8t et 53] ribosomal
oA 28 RNaseE S poly(C)ﬂ- A7 3
AAAEL TLC Agste] 549 54 2 #E A%
& 2A8AY 2 A94E g8 e 2
AT BEF F 45,000xg pellet £3HF E post
ribomosal &1 A& Wl ¢k A7} sugar starvation
o #AA glo] RNases] ZTHEE foaA FA4A &
9kou}, ribosomal 8 Fol A& AA 79 sugar star-
vationd] ZAE7 Zt7 2w, 109 o4 FA3 F7
3
ribosome?] ¢4 EH| & 4w ®wl early log phase
9 A Eol wldte}, AA7] AE9 sugar starvationA]
A A ZA A= 1/3~1/6717 F43 Fasdh
TLC9 A% rRNased %§f¥£ early log phasee] A

+ oligonuclease} 3’-ribonuclease, 5’-ribonuclease,

5 A X(S. uvarum)=

stationary phasec] 4] &= oligonuclease, 3’-ribonuclease,
sugar starvation A Z-& @& 3’-ribonuclease, 5'-ribo-
nuclease?d] #@Ao] Velyrh, ez I WA E AL
g 58 ATAAE TEHLE oligonucleased] 4
o] vtebyd Wi, sugar starvationA] 7l EE A Eo] A

£ oligonucleased] &4 & eliA kel

o

[=]
w
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