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Polyamines in Methylobacterium extorquens AM1 Grown on
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ABSTRACT: Putrescine, spermidine, and spermine were found to present in Methylobacterium extor-
quens AM1 growing on methanol, succinate, glucose, or nutrient broth as an energy source. Spermidine
was found to be a major polyamine in cells growing on methanol or succinate, while putrescine to be the
one in nutrient broth-grown cells. The overall content of polyamines in cells growing on glucose was less
than that in cells growing on other substrates. Spermine was the most abundant polyamine in glucose-
grown cells. Accumulation of polyamines in M. extorquens AM1 was maximal at the mid-exponential
or early stationary phase during growth on each substrate. The effect of polyamines added into the
medium on the polyamine composition in M. extorquens AM1 was variable. Each polyamine added in-
to the nutrient broth medium was found to increase the amount of the respective polyamine in the cell.
Exogeneously added polyamines had no effect on the growth of M. extorquens AM1.
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AW el SEACE FaAe]EFr Sl AEUe E
glopnle] Fxd & AFgE vl B gwA
ale}(Tabor et «l., 1958 ; Tabor and Tabor, 1969 and
1985).

Methylobacterium extorquens AM1(o] ol Methy-
lobacterium sp. strain AM1o.2 22]43)2 uets
& E8ol thE o] 7 H7ER oUR|Yes
o] gate] Aaal g sl BAvwEAFAFoR
A7t o) Hlgre] WehE Abslo ot Al A3he
H EAGAS de £ AHE Kol aXAut
AebZolels 53 71AE oAU R o] &3l
o] Alguel] Exehz Eejojule) gy A= YT
sl Anthony, 1982, 1986 and 1988). wieja] =2
Aol M Al HALE Aol 23t wekg tHa)et
Eejolrlztel adAde]| ofgt Aol kA wEbES
E3gE % 7R oA el A AAbsbe M. extorquens
AMIA Lol &8k Felotulg ZARELIL Ao



Vol. 28, 1990

Hrbsl & elopmlo] Mxv) Feloprl F4 W A
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Ml

712 o) FH-e} A 7)ol WE M extorquens AM
1(NCIB 9133) AlZWje] Eejo}rle] EF o} 4] = al
FE ] $lstel o] MlF-g Haiwix R Hg
A5 o]&ste] 30Ce|A F7)Hog zletwof 3}
Aok HAmMAZE 02%w/v) L5, 0.2%(w/v)
sodium succinate H{ 0.5%(v/v) vgh-&8& ARg3}9]
a2, B3hlzl 2 0.8%(w/v) nutrient broth& AF&-
ahodck. oy HAwlxUje] 7] E-odF 242 Kim and
Hegeman(1981) 2] standard mineral medium 3 4di)
utgho,

2|5 Ecjolvie| Hg

A7V 7R w2 ol A Afeban 9lie Al AR ¢
Zejolrle) FH 2 A FEd nlxe oR
Zejotql 2] 0352} FAbsl7] glsle] 2- i z) o putre-
scine, spermidine = spermine(Sigma)-$ 100 pg
/misg H7Vstod wiekslm A Agrule] Eelolwnle] W
55 A" R ZAabsteln)

HTEESE

Ao A&t #3344 7) (Hitachi U-2000)5
AH8-3ted 436 nmel| M 9] FHEE S sle] AA s
t}.

CHHEIN 2t

Bovine serum albumin-g& #ZFA]&EZ 3} Lowry
(1951 9) Wy e g HAAs|d

Egjoielel e, gl Eeé

AFEN e EAshz Fejoluls &), £43l7] 9]
glo] Seiler(1983)2] W& Wyl st
Wx AEZE 2o} 0.05M Tris-HCI(pH 7.5) 234
dog Al W MG obs FUdg Egog A
delslo] 23312 Pt} a9 obg 5% HCIO,
44g A2d F 15000Xgoll4 30% ot AL
g 3le, AHE-ol-g To}l 164]7F £¢k dansyl chloride
(Sigma)-& Al-&-3te] dansylation A|#Hth H|E 23
Eulel A7) dansyl =4+ benzeneo® 355}
silica gel plate(20X20 cm, Merck) 4toll spotting@t
=] 7§89 (chloroform : trlethyldmme 100: 9=
ARAIZ] kg, R oM EE Zelotwl AR
(putrescine, spermidine, spermine)$} ®]wslod
o]l ¥ ethyl acetateol] €% 417 luminescsnce spe-
ctrometer(Perkin-Elmer LS5, exitation : 350 nm,
emission : 500 nm) 2 & 37}x.F &Asle] Aeksie]

o},
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Fig. 1. Polyamines in M. extorquens AM1.

Thin-layer chromatogrphys was carried out on
silica gel plate with dansylated cell-free exiracts
prepared from cells growing on sodium succinate
(0.2%, w/v). Cells were harvested at mid-expon-
ential (lane 1), early stationary (lane 2), mid-
stationary (lane 3), and lale slationary phases (lanc
4). Lanes 5, 6, and 7 represent chromatograms of
three reference polyamines, putrescine (P), sper-
midine (D), and spermine (M), respectively.
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Table 1. Polyamine content in M. extorquens AM1 grow-
ing at different growth stages on different subst-
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Table 2. Effect of exogeneous polyamines on the com-
position of polyamines in M. extorquens AM1

rates? growing on methanola
Substrale Growth Polyamines (yM/rpg proleinA) Polyamine Growth Polyar.nines (;LM/l.ng protein)
phase Putrescine Spermidine Spermine added phase Putrescine Spermidine Spermine
Methanol Me? 28.3 278.3 19.5 None NE? 28.3 278.3 19.5
ES¢ 24.3 276.4 31.0 ESe 24.3 276.4 31.0
MSd 23.0 201.5 27.3 MSd 23.0 201.5 27.3
LSe 12.1 187.6 34.0 LSe 12.1 187.6 34.0
Succinate ME 30.4 327.0 41.4 Putrescine ME 79.0 262.7 12.2
ES 30.0 210.2 64.4 ES 58.6 205.1 18.9
MS 10.4 190.8 61.9 MS 45.9 201.1 14.9
LS 9.1 147.3 64.4 LS 31.5 223.0 22.7
Glucose ME 6.4 42.8 37.0 Spermidine ME 75.5 298.6 10.0
ES 17.3 40.3 66.2 ES 56.8 253.7 12.5
MS 7.6 29.3 3L.5 MS 59.4 224.0 11.1
LS 34 11.8 27.6 LS 10.4 205.1 20.2
Nutrient ME 49.3 4.2 13.4 Spermine ME 73.7 288.4 14.6
broth ES 162.2 5.1 10.0 ES 40.6 233.9 38.5
MS 116.1 4.4 7.7 MS 35.7 210.5 11.7
LS 45.2 1.9 1.9 LS 22.3 203.0 18.0

“Cells were grown on 0.5% (v/v) methanol, 0.2% (w/v)
sodium succinate, 0.2% (w/v) glucose, and 0.8% (w/v)
nutrient broth as described in methods.

bMid-exponential.

¢Early stationary.

9Mid-stationary.

¢Late stationary.

St spermine®] efo] MM oz A el
oh @9, 747 oluA Qe o] g3l HAsks A
w52 AAA7)el a2 Zejolwle] Farg nlude
o} thA 2 mid-exponential phaset} early stationary
phasedl| 4] 7} & Ao g vielyict

MIZH putrescineZ=of| o|x= MZe| Zajojal
=92 g

7}7te] wz)e) putrescines H7}slo]l M. extor-
quens AM1-& wiokgt 7% putrescine® &H7}8lx)
%2 AN AAshe AdRe 14-4u] 7} e of
] putrescine- % 3}9]ti(Table 2, 3, 4, 5). 223
succinatet} Exv}, vk B9 EFEF F2ml R
A AAse A9 el spermidinee] ) sper-
mineg #H7FgF 7ol X A Z putrescined] FHeko)
%73t 2 H(Table 2, 3, 4), nutrient broth ¥ =)l 4]
sk Al %%+ spermidinee]r} spermine o)
A7b7F 2319 putrescined#e] 7F4E fousidt)
(Table 5).

@Cells were grown on methanol (0.5%, v/v) in the presence
of putrescine, spermidine, or spermine as described in
methods.

5Mid-exponential.

¢Early stationary,

4Mid-stationary.

¢Late stationary.

MIZW spermidineZ=o]f| o|xj= MEe2| E2(ofa)
o Ak

wj 2]l putrescined H7}&F 7% succinates) =] =
A2Ag A i xell A sk AFSo A sper-
midine®] F7}& #Hqlslgici(Table 2, 3, 4, 5). 2
%oll4] 53] nutrient broth ¥}=](Table 5)¢} %t}
#i 2] (Table 4)ol| 4} AJgsh= HFe] Lol sper-
midine& 71312 o2 Fa w4 AAsle A
=Bl 3492 spermidine-d &AL =8
putrescine®]t} spermine& 713k A-$-o| % spemi-
dine®] o] =A Frbalqick. &9, succinateol A
s Ao AS= A7k Zelolule) s}
A EW e 2= E spermidine®] 7}4E Zsielc)
(Table 3).

MIZL spermineZXo o|x|= MIZ| E2jotele|
HE

Nutrient broth wWizlol|A AAsh= Al@Fe 2%

L

putrescine, spermidine ¥ spermine?] 7}7} 2.5
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Table 3. Effect of exogeneous polyamines on the com-
position of polyamines in M. extorquens AM1
growing on succinate®
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Table 4. Effect of exogeneous polyamines on the com-
position of polyamines in M. extorquens AM1
growing on glucose?

Polyamine Growth Polyamines (uM/mg protein) Polyamine Growth Polyamines (uM/mg protein)
added phase Putrescine Spermidine Spermine added phase Putrescine Spermidine Spermine
None ME? 39.4 327.0 41.1 None ME? 6.4 42.8 37.0
ES¢ 30.0 210.2 64.4 ESe 17.3 40.3 66.2
MSd 10.4 190.8 64.9 MSd 7.6 29.3 31.5
LSe 9.1 147.3 64.4 L.Se 34 11.8 27.6
Putrescine ME 56.9 178.5 12.2 Putrescine ME 47.0 97.3 47.0
ES 33.8 166.6 12.6 ES 91.0 79.8 58.5
MS 32.6 121.7 10.6 MS 243 63.8 37.3
LS 21.8 84.5 12.8 LS 2.8 50.8 16.8
Spermidine ME 53.8 219.7 13.7 Spermidine ME 37.8 116.0 41.0
ES 44.0 197.8 15.9 ES 42.0 60.3 65.5
MS 36.5 138.4 11.7 MS 14.5 54.3 47.8
LS 35.0 109.8 14.7 LS 2.5 43.0 335
Spermine ME 55.2 195.1 7.5 Spermine ME 325 97.3 28.3
ES 29.9 131.8 10.3 ES 34.8 56.5 31.5
MS 22.5 120.8 10.3 MS 24.5 48.8 16.0
LS 24.0 112.8 10.9 LS 4.0 28.5 4.5

2Cells were grown on sodium succinate (0.2%, w/v) in the
presence of putrescine, spermidine, or spermine as describ-
ed in methods.

bMid-exponential.

cEarly stationary.

“Mid-stationary.

¢Late stationary.

A ZW spermine®} 715 f i3l ch(Table 5).
2} wehe, succinate, £ & iu) Aol AA}al
£ AFEY Afdds BE ZEolulEe) HAHH=
spermine®] <foll & <d3k-S w)x|z| E-shei At <F7t
7+ Z{cH(Table 2, 3,4).

MEe| MEETo| o|xlEs MEL ZF2olrlEe
Ast

zpzre] Elojwle] AR Ao AAsle M
extorquens AM12] A& 5 Fujolule] Hr}E %
o2 Wi AollA AAske Al AASE(EE 3
A=A : d,=7.7h, succinate FAw]=] 1 d,=6.7h, E
T} # 2% . d,=82 h, nutrient broth : d;=3.7h)
o} A9 ZUF Aoz Vet AR ¥ ).

= #

tlo

A xol| ERshe Eejoblel it A7 WA

aCells were grown on glucose (0.2%, w/v) in the presence
of putrescine, spermidine, or spermine as described in
method.

bMid-exponential.

¢Early stationary.

dMid-stationary.

¢[.ate stationary.

ez 71 g vk A 2(Cataldi
and Algranati, 1986 : Igarashi et al., 1986 ; Kashi-
wagi ef al., 1986 ; Satishchandran and Boyle, 1986 :

Tabor and Tabor, 1984 and 1985), = ¢jolx &
712 344 4)d(Hamana and Matsuzaki, 1987 ;

Oshima, 1983a and b ; Paulin et al., 1983a and b),
Pseudomonas (Karrer ef al., 1973 5 Kullnig et al,
1970 : Paulin ef al., 1986 : Tobari and Tchen, 1971
and 1983), Bacillus (Chen and Cheng, 1988 ; Ha-
mana ef al., 1989), Selenomonas (Kamio et al., 1986),
Paracoccus (Hamana et al., 1990 5 Neilands, 1983 :

Peterson et al ., 1980), Micrococcus (Hamana ef al.,
1990 ; Rokka ef al., 1985), agrobacteria(Neilands,
1983 ; Peterson et al., 1980 ; Tait, 1985), acetobac-
teria(Paulin et al., 1983b), 3 QA AF(Chen and
Martynowicz, 1984 ; Hamana ef al., 1985 and 1988 :

Kamekura et al., 1986), & 4FF(Hamana ef al., 1989),
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Table 5. Effect of exogeneous polyamines on the com-
position of polyamines in M., extorquens AM1
growing on nutrient broth®

Polyamine Growth Polyamines (uM/mg protein)
added phase Putrescine Spermidine Spermine
None . ME? 49.3 4.2 13.4
ES¢ 162.2 S.1 10.0
MSd 116.1 4.4 7.7
LSe 45.2 1.9 1.9
Putrescine ME 237.6 26.6 40.4
ES 67.6 9.6 257
ME 334 9.1 15.2
LS 30.1 11.1 14.0
Spermidine ME 46.3 17.3 23.7
ES 42.9 13.1 22.5
MS 38.0 12.0 19.3
LS 40.1 11.8 20.0
Spermine ME 53.9 17.2 25.4
ES 46.0 10.5 21.3
MS 45.2 13.0 18.0
LS 45.5 9.1 12.6

?Cells were grown on nutrient broth (0.8%, w/v) in the
presence of putrescine, spermidine, or spermine as describ-
ed in methods,

®Mid-exponential.

“Early stationary.

9Mid-stationary.

¢Lale stationary.

234 Mt (Hamana et al., 1985), Rhodobacter(Hama-
na el al,, 1990), archaebacteria(Kneifel et al., 1986)
sl Fejoul ¥4 mi= ofe vlx] Ade)d Abmt
Fejolrizte] Ao tigk A¢vl AaEe] grou)
MERSS o) gslo] Aeh: M oz =
2lopulell thal oI glgdc).

HAW7HA A Al Sl 4] gHelE) Eajojm o)z
T2k greke Matell mpe} 2lo) & vpehfxjut yBae
AlsFEo] putrescines} spermidinet 7FA) 3 9lar
spermine-’- acetobacteria(Paulin ef al., 1983h), ag-
robacteria(Tait, 1985), .94 Ab4H#(Hamana et .,
1987) 4! Bacillus acidocaldarius(Hamana ef al., 1989)

T % 7R EA Al Al ‘%’ﬁﬂ‘”“fﬂ M=z o}
F U 4lg o] gate] AAbsls BB M exor-
quens AM114] 2] spermine 2] ‘”711—8— ﬁ;} akshc},
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= AFoAA wiR Y Z5o) wel M extorquens AM1
‘ﬂi‘-ﬁql SH9 Zelopnle] gake] tlaAl el
=), wE-ul =2} succinatew] Aol 4] A x5 7
elli= spermidine®], nutrient brothwl =)ol 4] R
&= 7 $-o)= putrescine], Er vl ]l 4] A A}s}
w 7Fell= sperminec] AthE o @ wro] Eawi:
o g Hol o} Ao 7} uf z] of} 2] Ay 2}t ol &
Zelolnl 5o AZUe) 2z Ae] g-5of 7)zb 93}
GEE VAT Qg WA 3 glch w3l jEbe
o|v} succinate, EErFS 0]%8}0;1 Axals 3
AlRke] At @42 putrescinent spermidine«] &
& ZolE IR spermine2] okolli= L wisir)l gl
AL M. extorquens AM1o] %) 4up Aol A A &bEd o)
putrescinei} spermidine- A%} A% fale 4}
of A dRN=o) 9li sperminee Mo 34

FAE e Aeatest @ wo] 98 e of
/‘]fﬂf}.

Algte] st 9l wiRlel putrescines #H 7}3)
T Staphylococcus @] A FE ol 4= putrescine ] &t
wol Z7Fekaliz kA 2H(Rosenthal and Dubin,
1962) E. coli®) Mo A+ putrescine?] aapo] =
7bekeledl o)z MEubel putrescineo] A¥ulm
el &3l 7] wR-el Aoz wslodel(Tabor eof al.,
1958). wetA] M. extorquens AM12] Z$-oll % put-
rescine A7}E qlslod A Fajl g putrescmeol 7}6&
AL o] o] Wz LA putrescined XA F4¢
AR b b, #H )R] A absie xﬂi{—
| 4 spermidine#} spermine?] 7}7} putrescine <]
P F7H5 F8HA21 2L spermidine, spermine %
putrescine 2] *&Qﬂl{k"_i PZrE o], o] EE 4
ol 4] spermidine®] #7}7} putrescine®] =7} +F
W A3 f-ARE @ Abolek(Seiler ef al., 1980, Mat-
sui ef al., 1982). Succinate WA Z A2)3F 1o
W] =)ol spermidineg ¥ ~}3F A - AdAshe AU 2
spermidine®] ¢}o) Z7}5t & ’;}E o] Aol 6=
€ A spermidined 58 5 9l89 opx|gi),
&H, succinate W} Aub =l 2)of spermine-d

=t

>

7vel & Aot AL spermine] eko] 5]
Faskded, o)l o] AFel MEue] WAErel
Fojetnl £E8 f787)9)%F Ew)olul internal

pool®] &4 7b5-Ad-g qFAlal Fr) g, wixo] A
71 Fejolul S A Fe] AR E o] o35k n)3 7
Sskedl, oo} e &S Vibrio costicola(Kame-
kura et al., 1986) ol A= B2% v} 9l Aoz M
extorquens AM19] AJFell= Zejolnig]olx ofz
7HA] EAbRE od gkelatEo) ghAlE]o) 9188 Al Abgel
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v &k succinate, X} Wi nutrient brothw x|l X AdA4bsl= Methylobacterium extorquens AM12. & F-E] putres-
cine¥} sprmidine % spermine®} &A% #alatgich W %k-& succinated o]-&3k A elli= spermudinee] 7H B3k,
nutrient broths) el 4] A48} HFoll= putrescineo] 714 Wo| &asigich Exepg o) gste] dashe Adols
o2 U YE o] 8ty Asl AFE wrl H oke] Zelolnle] EAEg s 2 Foll A spermine] 7}3 @glch
M. extorquens AM1-2 mid-exponentiat phase2} early stationary phases] 4] 7b3 08 ofe] Felopuld 54 sledch Al 2
Zejopul FA o) ulHE AEe] Zejolule) ofske. AzuiR| o] wel oh2A velgen, M2 obE Fejepule] Hrid
nutrient brothu %o A A &bale Aol Aol Arbg z2b Zejoiule) oko] F715HE Hastgdr) vl A F
Zelopmige AT AASE AFE FA Utk
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