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Putrescine NHQ(CH2>4NH2

Spermidine NH2(CH2)4NH(CH2)3NH

2
Spermine NH2(CH2)3NH(CH2)4NH(CH2)BNH2
Fig.I-1 Structure of typical polyamines.
L-Ornithine L-Arginine L-Methionine
-C02| 2 1
-C02 |\ 4 Agmatine S-Adenosylmethionine
- urea/ 3 ' -C02| 5
1.4-Diaminobutane Decarboxylated
( Putrescine) adenosylmethionine
. 6 )
Methylthio Methylthio
adenosine adenosine
Spermidine . Spermine

Fig.I—Z Biosynthesis of polyamines.

1;S-Adenosylmethionine synthetase 2;Arginase
3;Agumatine ureohydrolase 4;Ornithine decarboxylase |
5;S-Adenosylmethionine decarboxylase 6;Spermidine

synthetase 7;S8Spermine synthetase
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Fig.II-1: Growth of a polyamine-requiring mutant (MA261) in the
presence and absence of putrescine. o—0, 100 pig/ml putrescine;
¢——o , NO putrescine.
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Fig.II-3: Stimulation of the synthesis of PI-protein by putrescine.
Bacterial culture, electrophoresis and fluorography were performed as
described under Materials and Methods. Equal amounts of radioactivity
(50 000 cpm) were applied to all lanes 1S, [14C]lysine were added at
A5 a0 = 0.10; 1U, putrescule and [ C]lysme were added at A5 40 = 0.10;
23, C 4C]lysme was added at lO min after A5 a0 = = 0.10; 2U, putrescine
was added at Ag,, = O. 10 and [ Clesme was added at 10 min after

A5 40 reached 0.10; 3S, E C]lysme was added when A 540 reached 0.15

= 0.10 ancl[1 Cllysine was added when

3U, putrescine was added at A5 40
A5 40 reached 0.15; 485, [ C] lysine was added when A5 40 reached 0.20;

4U, putrescine was added at A 540 = 0.10 and [ C] lysine was added when
A,5 40 reached 0.20. Numbers on the right represent Mr x 10 3. PI-
protein, polyamine induced protein.
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Table II-3. Purification of PI—proteiné
Total protein
Steps
P (mg)
1. E. coli 5-100 2330
2. DEAE Sephadex A-50 (I) : ‘ ¢ 160
3. Sephadex G-100 72
4. DEAE Sephadex A-50 (II) 12

5. Affi-Gel Blue 4

o

For details, see text. s
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Fig.IT1-6: Sodium dodecylsulfate pol&acrylamide slab gel electro-
phoresis of proteins in each purification step. Electrophoresis was
‘carried out as described in Materials and Methods. 1, 100 000 g
supernatant; 2, DEAE-Sephadex A-50 (I) fraction; 3, Sephadex G-100
fraction; 4, DEAE-Sephadex A-50 (II) fraction; 5, Affi-gel Blue
fraction. "
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«— SDS

Fig.IT-7: Two-dimensional gel electmphoresis of Pl-protein. Two—
dimensional gel electrophoresis of purified PI-protein and ribosomal

S1 protein was performed as desCribed under Materials and Methods.



Table II-4. Amino acid composition of 62000-Mr protein

(polyamine induced protein).

Amino acid analysis was carried out as described in

Materials and Methods.

. . Amino acid Mole ig?igﬂi: per ?iigzzg
%

- Lysine 7.37 41.40 41
Histidine 2.73 15.30 15
Arginine 2.97 | - 16.65 17
Aspartic acid 14.43 81.00 81
Threonine 7.01 39.45 39
Serine 8.02 ' 45.00 | 45
Glutamic acid 10.69 © 60.00 | 60
Proline 6.84 36.45 36
Glycine . 8.67 48.75 49
Alanine 9.09 ~ 51.00 : 51
Cysteine o 0 | (O
Valine 5.47 30.75 31
Methionine 1.07 6.00 6
Isoleucine 2.26 12.75 13
Leucine 6.65 37.35 : 37
Tyrosine 4.40 24.75 25
Phenylalanine 2.67 15.00 15

Total residues | . 561
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Table III-2: Effect of Polyamine Induced Protein on DNA and

RNA Synthesis.

Nicked Calf Thymus DNA T7 DNA Directed
PI-Protein Directed DNA Synthesis RNA Synthesis

(Mg) !
3 . 3 .
L HIATTP incorporated C "HJGTP incorporated
(cpm) (cpm) .
0 7305 ' 9072
1 7800 10702 -
2 7867 | , 10375
3 7682 | 9702

4 ) 8176 10502

6/
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Fig.III-1: Separation of protein synthesizing ribosomes
by sucrose density gradient centrifugation. ) A26O;

O——0 , the amounts of EBH]leucine incorporated into hot
‘trichloroacetic acid insoluble materials.
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Fig.III-2: Sodium dodecylsulfate polyacrylamide slab gel
electrophoresis of ribosomes.

lane 1. protein synthesizing ribosomes (Fr.8-14 of Fig.III-
1); lane 2. protein synthesizing ribosomes (Fr.15 of Fig.
I1II-1); 308 ribosomal subunits (Fr.28 of Fig. III-1).

Number on the right present Mr x 10 °.
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Fig.III-3:

lane 1. without PI-protein; lane 2. 25 kg of PI-protein;

lane 3,

50 ug PI-protein.

6§

Reconstitution of 30S ribosomal subunits with
or without PI-protein. 18 Asgp Units 16S RNA and 450 ug
total protein of 30S ribosomal subunit was used.
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Table III-3: Effect of PI-protein on fMet-tRNA binding and

polyphenylalanine synthesis.

Content of PI-protein MS2 RNA dependent Poly-[;4cj—
during the reconstitution f[35S]Met—tRNA pherylalanine
of 30S ribosomal particles
(g PI-protein binding synthesis
A260 168 rRNA) (cpm) (cpm)
0 2532 2790
1.4 3630 -

2.8 3916 3947
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Fig.III-4; Effect of PI-protein on MS2 RNA-directed fEBH]
- Met-tRNA binding to native 30S ribosomal subunits. PI-

protein was added to the reaction mixture as specified in
the figure. O0——0 , Without kasugamycin; e—a , With 0.4

mM kasugamycin.
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Fig.I1I-5; Effect of Anti-PI-protein IgG on MS2'RNA—

directid f[gSSJMet—tRNA binding to native 30S ribosomal
subunits. The reactionmixture (0.1 ml) without fMet-tRNA
was preincubated with various amounts of IgG at 30 °C for
10 min, and the incubation was then carried out at 30°C
for 5 min by addition of 5 1l of 50,000 cpm of f[35S]Met—

tRNA (10 Ci/mmole). ® , Normal IgG was added; o
Without kasugamycin;

Anti-PI-protein IgG was added.
——==—With 0.4 mM Kasugamycin.
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Table III-4: Effect of Polyamine Induced Protein on MS2

RNA-directed Protein Synthesis with or without Spermidine.

PI- SED C s IMethicnine incorporated (cpm)
protein

Coat . RNA

(ug) (mM) protein A protein replicase
_ 0 80374 4496 669
1 81731 4600 3164
1 0 80203 4269 751
1 81348 4559 4886
5 0 82745 4185 891

1 82799 4409 7010
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Fig.Iv-1: Effect of Polyamine on-in vivo RNA polymerase
synthesis 1. starved bacteria, without rifampicin;

2, unstarved bacteria, without rifampicin; 3, starved
bacteria with 15 pg/ml rifampicin, 4; unstarved bacteria

with 15 fg/ml rifampicin.
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Table IV-1. Effect of Polyamine on the synthesis RNA polymerase

in vivo.
[358 JMethionine incorporated
Condition
(cpm)
Starved -rif ) 36
Starved 15 yg/ml rif 41
Unstarved ~rif 125

Unstarved 15 ug/ml rif 263
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Table IV-2. Effect of Polyamine on the Activity of

RNA polymerase .

Growth Rifampicin [BI-IJUTP incorporated
condition (15/Ag/ml) (p mole)
Starved - 0.82
Starved + 1.12
Unstarved - 1.34

Unstarved + 2.50




77
W—4. %%

Bt WaTanabe vz, DVA @8 Ch 3K BRBITE 1< D
W ImMAPILIZ > F 7 TTT7TRNAR )X S5 —E" B
E-coli RNATDX S5 =208 BT 2=y ) A 005k AR
BINZZC, FENTE>LIBEERELITE | CERTARE
VDI CERE | 2, AITEHRIT, KHER) T = SB2HK
ERNT /N vivolkBIBITNT 2 >QRN AT X 5 — 4K
KRG BRI L4710, 1) TR RNAR ) X S5 =€ 8 BT
A= BB EMET S ZCEBLD L LEs ZOGERIT v
k#T 3I0)T 2 > 12 F 3BRIDELE 0 ATANE DRI 12 7
WLEEZ 22V 3L ETELG RT3 1'HY) , /nVivo iz
#I3EREIHIED— 7 LT, MROBH B 9 3B B Enbw
TMEETF 3 DI CER LTV B0

Y2 FHGLE 291 )T £ >2"PI — protelns AR EME
43 LLMENCL, GTBIHN CERAARTH ) =X ABE
BEUNE <11 7. PL—protein ovd3maBBE(MS2 R
NAL72N) =€, T7RNMATT) X 5—¢€", EicodRVATTX
G- BEN T L=y k) OAREMES 3= YIS DI, Eo
SH XD, )T E>NP I - profena st RE L, PI-
protein 10T 2 > L MR IAER L c 0D 3TRAVELE )
BHEIMEF I UNIXD =L TR Lo |

B G LERBRI, )0 vivoldNTE, SOXT =4I




98

$0 CRNAB) X 5 —C T IMEINTY) STRICET T 4
NVHZI, 1N vIve £B) CPI - profe/nat 80 A R LB
LT3 5203 FHATH ), PL - pm?Z/’n v RNVA TN X
5 — € BN 0) FAAGI< 7 11 7 3 XTI 480) FREET'D) % o

(M Vitro 1% T3 1°0) T 2 > 0508 1508 v Bt B A 1
W H B, FHEATE T, F) 7&:”?@%@“3}64}15@ /'n vi'vo
DN TN T SWRNAB) N 5—E' AR EEEFT 3 X0 = -
AL NTIREBTHZ 2", /0o vitre DI TIR)T 2 >M%
BT BT B e LT 39T, HHHLT) T2 >0
ANAFZDNAG 3 VLR LEMRNA Lihbd 32 icd 5
AN DA ENAL , B2, %E’MM?;’OS 3%57) 24F T

NLEKEZHN3.

At S DNAEFIG. T -2RTLEE D K. KBBAEM
014 D 75 29 — EHAARE T, K BRAE BT -
DNAXREGHMOTOE~9 =BT 1) 3 S Lofmb )
g)j )@’@7 TBEINEM RN A o) BV P1) T = > O Fli~.k > <
FA LT N B RMEEZ 5N 2 ( Promoler Selection o B )
3R BRSEZT oM ﬁﬁénm‘?%or/ou Rmarzzmwa?r/? Y2
G 3 t5hbNThH), Allznuation D FWRNase 1L
LF 3 mRNAOWEIT) T = >0)PA% 1< 2| 2t BRmH) AR

THIVSRTAOF RN 9T T3




A F LR L0 LILI EF-Tu 1RNAJ™ 55 235 1RNASH jes
Tyr RNA RNA
RNA POLYMERASE IRNA,
IRNACHY
1RNAS T

Fig.IV-3 Genetic map of )\rifd18 transducing phage.
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Fig.v-2: Sucrose gradient pattern of 20sec. pulse-labeled
32P—-RNA of a polyamine requiring mutant of E.coli MA261. ’




Table V-1.

Base Composition of Pulse-labeled RNA and Total

RNA of a Polyamine Requiring Mutant of a Escherichia coli

MA261 grown in the Presence or Absence of Putrescine.

/e

Percentage of base composition

Growth’

RNA
condition Ap Cp Gp Up
Starved Pulse-labeled 23.6 19.2 25.3 31.9
- Starved Total 25.2 24.3 26.5 24.0
Unstarved Pulse-labeled 26.6 26.1 24.3 - 23,0
Unstarved  Total 26.0 23.3 27.4 23.3
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Table V-2,

¢

Base Composition of Pulse-labeled RNA and Total

RNA of a Polyamine Requiring Mutant of Escherichia coli FWH

319 grown in the Presence or Absence of Putrescine.

Percentage of base composition

Growth

RNA
condition Ap Cp Gp Up
Starved Pulse-labeled 23.3 18.1 33.9 24.7
Starved Total 24.4 22.2 33.1 20.3
Unstarved Pulse-labeled 25.0 26.1 30.5 18.3
Unstarved Total 25.0 22.9 31.3 20.9
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Fig.Vv-3:

Sucrose gradient pattern of 3 min labeled 32

RNA of a polyamine requiring mutant of E.coli MA261.
A: starved bacteria.

P

B: unstarved bacteria.
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Table V-3. Base Composition of mBRNA and Ribosomal RNA

Fraction of Polyamine Requiring Mutant of Escherichia coli

(MA261) labeled by [SQP]HSPO , for 3 min.

Growth Percentage of Base Composition
RNA

Condition Ap Cp Gp Up
Starved 235 RNA © 25.8 22.6 25.6 26.0
Starved 165 RNA 25.4 23.2 25.8 25.6
Starved m RNA 24.5 22.1 24.9 28.5
Unstarved 235 RNA 26.2 23.5 25.3 25.0
Unstarved 165 RNA 26.0 23.7  25.0 25.3

Unstarved mRNA 25.4 25.1 24.6 24.9
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Table V-4, Nucleotide Pools in E.coli MA261 Cells

Cultured with or without Putrescine .

Crowth Percentage of Nucleotides
condition A . . 5
Starved bacteria 24,7 16.8 32.6 o5.8

Unstarved bacteria 25.4 16.8 31.5 26.3
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Table V-5, Expected base composition of mRNA for 62000~

Mr protein (polyamine induced protein).

Expected base composition was calculated from the amino
acld composition of 62000-Mr protein and the frequency of

the codon usage for each amino acid in lacT, trpA, and

ribosomal protein.

Expected base composition

Ap Cp Gp Up

%

27.8 28.1 o 24.9 19.2
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