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Studies on the Photosynthetic Bacteria

I. The Differences on Polyphosphate Biosynthesis by the Phosphate
Source in Rhkodospirillum rubrum

Duck-chul OhV « Hyun-soon Lee®

Summary

1. Photosynthetic Bacterium R,

medium under light or dark condition.

rubrum was cultured in Orthophosphate or

Pyrophosphate-containing

Cell Yield, pH Change, Polyphosphate content were investigated.

2. pH of Orthophosphate medium was low than Pyrophosphate medium.

3. Cell Yield was low with Orthophosphate medium under light,

medium in case of dark culture.

but was low with Pyrophosphate

4, Polyphosphate content was always very high with Pyrophosphate medium,

5. It looks likely that
Pyrophosphate with substantial amounts,

under dark culture with Orthophosphate medium R,

rubrum synthesize

6. It seems that Pyrophosphate concern directly in biosynthesis of long chain Polyphosphate,

] B

#Re AAHE s Polyphosphate( Volutin,
Babes-Ernst granule, Metachromatic granule)& A
€ Libermann(1888)4l] kM A Yeas o} 4 BEA F +
B W @M%, #H, Cyanobacteria, |®, o]~
(Kulaev, 1979)%= ohizl K4 8#(Ebel et al.,
1958, Rosenberg, 1961), B.H(Heller et al., 1950,
Pierpoin*, 1957) 7} 2] BE(Shiokawa et al., 1965)
st 24559 ABAAE BRI
(Gabel, 1971, Gabel & Tnomas, 1971).
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o] Polyphosphatets ¥-¥A o= EA40]
"l (Harold, 1962, Harold & Harold, 1965, Harold
& Sylvan, 1963, Nesmeyanova, 1974) Aoz
Pnosphageno. 249 7] 5(Hoffman-Ostenhof, 1962)
Q1418 A B2 4 (Harold, 1966), &k &S A&
2 A (D:ierkauf et al., 1968) = A3} 32 MY
E=A (Ehrenberg, 1961)9] 715 &¢] REHAZ 9
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(Harold, 1966. Hoffman-Ostenhof, 1962. Harold &
Harold, 1963. Nesmeyaro-a et al., 1974).

e XEREDE HEE @ dTFE B B2 &
¥ (Smillie, 1960. Hermann & Sohmidf, 1965,
Baker & Schmidt, 1964. L-c, 1964, Lee & Lee,
1969. Lee & Lim, 1982)dl4 o} Fogla JXAKME
4 Aze § A$E ofF =-Ev (Balischeffsky,
1967. & Sandhu, 1966, Cole & Hughes,
1965. Kulaev et al., 1974. Shadi et al., 1976) °]
FTAAL XERS Poly P G #AE A% 47
I g AL Cole & Hughes(1965). Kulaev et al.
(1974). Shadi et al.(1976)5 % R ¥eld, o]l HE
= oba  HigEstA ¢k olel Aw FYALAT
Rhodospirillum rubrumo & Y&, "% 53 Poly
P A9 @Al E 3 sts] $)8) A Orthophosphated
14§ ¥ 2|3} Pyrophosphate 2358 WA A &%
BlEgo 2 wiokste] Pufid =12 Poly P £4K 28
£ atof mol Y BEE <Sirldl Banslte dhe]

Carr

¥

HHE N FE

wEE, B, BEAHE #FAE EERE AL 39
o4 ¥ Wild type Rhodospirdlume] el(Lee &
Lee, 1982) wjx]: Bose ef al.(1961)2] AL 2 4}
£-51A W {Orthophosphate (Ortho P) & BB e = {F
B =), q4tdes  Pyrophosphate(Pyro P)&
7 $MAE F% 238 A3 (1,0008 =) 3 KH,PO,
600%¢ ; K:HPO, 900%g { &l KHCO; 1,476 ; Na,P,0,
< 10H,0 1,691.92% 4 sieh). BIEEL 1,000 &
€ 500xtAEe] FI RRRA BE ASAY =
2ul S Rtk WA BHHERE <ot 2,000luxe £
A 20°Coll A Fsigleh.  BFHEE 5006 B
o ¥giE 3004 A FoupAE ¢ & aluminum
foil(Uffen & Wolfe, 1570)2 4444 30°CE shaking
incubatorel 4 1003 }&/Fo2 g, HFL
BB 3ks8l, B—#EE Estd  20a ejokyel4
Bose et al.(1962) wj ] 2 59 7 Bjv] 9} & 2 preculiure
%t 7 (late log phase)¥ fEHIstgla MssHRS 744
B 200m 7 1EEE | BBLiRS A5 150a] 18

e Bor Efstdrh. & AFFL MR
B BERGY o] A Piksty] (53] Ortho P)H A
3 JF&] fMEdd Fasiel sle Polyphosphate
(Poly P)7} M2¢ HiddlA BEY « P.Ho=A
fERE a3 Ro] HA ¢4 A=z AP Aeld o]
AL PiFe] gt iAo 45F49& Adu mEAd
ZAolek, =¥ Ay MY 55 turbiditysl 031
Adz sedE k5 Aojgiel.

E£HE WE. F*= Spectronic 20(Baush & Lomb
Co. ) Spectrophotometer® 680mpyel] 4 Optical D:nsity
24 #iE (Cohen-Bazire ef al., 1957). #lEe Ik
M JE. wjokH £& International Refrigerated
Centrifuge® < 3,550xg24 2027 d4l2=e F
0.05M tris-HCI buifer(pH 7.6)Sol. 2 ¥4 A4 F
493514 }F(Kulaev et al., 1974). Packed volume
AL AE 7 ¥ 2 AGE FE3 AAGR
¥ Chemical Balance® 243lq i EHEREL AT
£ FAEAG oFA =Eg F 110°C dry ovenoll4] A
Z% % dessicatardl| A 4%l F A zFstgd eF(Friedberg
& Avigad, 1968. Hughes et al., 1963).

%57 3. Olympus trinocular Research micro-
scope Phase contrast 4Fejell4 AA % #dq,

Orthophosphate 9 Polyphosphate % % A&,
29 13 o] Kulaev(1974)8] FHik& ozt «d kA4
. 5434419 Y4+ £ International Refrige-
rated Centrifuge® 27,000xg2 stgch. 4%¢ & 7
B¢ Activated Charcoal(Merckit, G.R grade)& X
# 12¢% 507+ st mechanical agitator® 7}
Al bl 3 8 YA R nucleoiideZ WESE
Charcoal®& PFr#%E%E (Harold, 1963, 1966, Miyachi
et al., 1964) A& 1M Barium acetate® pH 4.5
2 23% F 0°Coll4 Over night A#AA (Mudd et
al., 1958. Kulaev et al., 1974). Poly P& aAlxlo g
dojela d4lEelstd IN HCI2 100°C 108 74
43 3t Ortho P2 stEF Chen ef al, (1956)8] #
ko 2 Spectronic z0& Ah-83te 820xmel4  Optical

ensity®2 JESA S, A& Wol=ma Axoe o
W2 Ortho P A28 A+-&3tq+¢},
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Washed Cell(1 g Packed Volume Cell)

0°C 0.5N HCIO; 10min.
(5vol, of Cell mass)

Constant Mixing

Centrifuge, 2x

Wash with D. W. Centrifuge

I i
(Supernatant) Residue

Cold Acid Soluble Fraction 0.5¢ NaClO,
Charcoal treat, filteration., pH4,5 with 0.5x¢ IN HCIO,
Ba acetate, 0°C 1 night. 15min,
Centrifuge, Add 4 ml Cold Water
Wash With D. W, 15min,
Centrifuge. Centrifuge, 2x
' | Wash with D. W.
Superlnatant(Ortho P) PP Centrifuge
(Asid Soluble Paly P) '
Residue Supernatlant
Cold alcohol 1 night, Centrifuge, 1x Charcoal treat, filteration
Alcohol : ether(3: 1) R, T, 24hr, pH4.5 With Ba acetate, 0°C
Centrifuge, 2x 1 night
| ' i Centrifuge
Supernatant(D scard) Residue Wash With D, W,
0.5N HCIO, Centrifuge
Heat 95°C, 30min PP;
Centrifuge 2x (Salt soluble Poly P)

Wash with cold D, W ,
I
Residlue(D.'scard) Superxlatant
Charcoal treat, filteration
pH4.5 With Ba acetate
Centrifuge Wash With D, W,

Centrifuge,
|
i |
Supernatant PPt
(Hot Acid Soluble Poly P (Hot Acid Soluble Poly P)
as Ortho P)

Fig 1, Orthophosphate and Polyphosphate extraction Scheme,
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M wE o IkE - RS EMEE Kulaev ef
al (1974)3 A BplstA siszEe] A9 5deld ¥
Bitiel EolRa Tl BiEHel Sei714 1047RAE
ALsigel, ey BEEEY 7A$ 7deld TR
Eelztes BCH M7t AIER g

pHO #3le 13} o] EFEE 77t YRR
2 Aexvt 44 Eokew x| Fd Ortho P71+ 2¢
Hq& o 2t} Pyro P7F g & o Egieh o
2-& EHRE Pyro P7b 2¥¢E9€ 79 Buffer
Reaction®] @7} <fzre] <iqie] eoldrste Azsl
o, =3 5ol g AL o] A% walde A
dl =g} pHrb A% Frhakg et Hejokd A 7H
wokg 3z B4 HolAe 2F4E debli ol o4
e B4R gk, KWES L4 Ao R BRER
o] B wid $Ax2 “ed Pyro PHxg A
% BiEER A€ Ortho Pl uct ize] Fod B
ERAAE 2519 4& el =3¢ EA¢ld. =g
Fujole] 3¢ 74 Bastn e ol MMM
Bz A 4Ase Aol

t} Pyro P Xl 4] A 28] Aol 44 AAAE 33
o) 17] sFe] & A= Poly P granuled] 4= H
figve2 wetxlv Aslst veltel. Pyro  Pelald
A A2t €4 Ao 4L ob4 Ras vE ¢
25 2 Biie FHelst. 2ed 36 dFH4A
ul Cold Acid Soluble Poly P7} Ortho Puf xjol] 4 2.t}
U538l genl olZe]l dd FEe] HA gux A7
2 BERY A4 Azxd asx Aelst U
%3 il Poly P granule?] 5 3171 glo} 2~3
A A=A}t o] 5 ALE toluidine bluez <4
A3 Drews(1962)9] #Asbst 7o)
dojvkAl ghgket

{28017 £ Poly P granule®] i Klebs-
iella aerogemes (Wilkinson and Duguid, 1960,v}%
Mycobacterium thamnopheos(Mudd et al,, 1958),
Aerobacter aerogenes(Smith et al., 1954)3% o} 3
FAstel, & EES d0d A 29 29 e
=33t Poly P granuleo] x.qle}, ##EEAY Ortho P
% Poly P, #& #5#%2] Ortho P @ Poly P9 4ES
E 28

Ortho P& Big@uch BEEHRe] U453 gk o+

Metachromacy7}

Table 1. The pHs and Cell Yields of Each Culture.

Culture Condition Pi Source | Culture Days pH Cell Yield as Dryweight( ¢ )/ £ Medium
5 7.6 0.675
Ortho P 7 8,22 0. 96
. 10 8.14 1.03
Light, Anaerobic 5 8.3 0,82
Pyro P 7 8,72 0.95
10 8, 62 1,04
5 8.95 0.48
Ortho P 7 2.0 0, 47
. 10 9,22 0.43
Dark, Aerobic 5 9,10 0. 44
Pyro P 7 9.2 0. 34
10 9. 45 0.32

ERR HmR

frfpzgdrAos AR 2L 3969 o} F 2
Poly P granulce] Aol nel7]  A1zsla 540]
W Foe] Farsin 7delw o} F T ZEe] 2~5744
walvh, EolstAl Biwjcke] 7% Ortho PejxlelAqn

Kulaev(1974)8) # % sy BBidalA  of 2u)
HE vebd R slzste] A4 gL Aol o]
A E e Aboldl= BImEA] gvk, ¥ 264 n:
vho} e} elekutald Wl Wl AQue dbs] 7AW or
o A% A% A dehda B4 45aE A
o] A =3 Kulaev(1974)9 A9 & vzv, R
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Table 2. Ortho P and ‘Poly ‘P Contents of 7 Eachy Culiure. (and
Percent of Each Poly P to Total Poly P)

Dark, aerobic, Ortho P medium.
Dark, aerobic, Pyro P medium.

Fig 2. Rhodospirillum rubrum Containing Polyphosphate

granule. x1,000. Arrows indicate Poly P granule.
. Light, anaercbic, Ortho P medium.
Light, araerobic, Pyro P medium.

5 Day Grown Cell.

5 Day Grown Cell.
5 Day Grown Cell.
5 Day Grown Cell.

7 Per g dry Weight

Cultur Ortho P. | Polyphosphate
I . ulture - H
Culture Condition. | Pi Source | "y o™l Avid Soluble | Acid Soluble | Salt Soluble | HOF Acd | qgrg)
5 755 104(9) 248(22) 784(69) 1,137
Ortho P 7 213 36680. 4; s46(30 sg 877%49) 1,790
. . 10 269 266(20. 6 79(29.3) | 648(50.0) | 1,294
Light, Anaerobic 5 454 8,153(90.6) | 348(3.8) | 450(5.4) | 8,992
Pyro P 7 238 3,909(80.4) | 351(7.2) | 597(12.3) | 4,858
10 395 7,125(89.8) | 315(3.9) | 93(6.2) | 7.934
5 30,452 | 6.222(46,8) [ 1,254(5.4) | 5,812(43.7) | 13,268
Ortho P 7 18,327 | 5.787C60.1) | 1.072011.1) | 2.760(28.6) | 9,620
, . 10 4,076 | 5,527(554.) | 1,315(i3.2) | 3,120(31.3) | _ 9,962
Dark, Aerobic 5 10, 561 9,033(47.8) | T, 110(5.8) | 8,800(26.3) | 778,993
Pyio P 7 9134 [21,259(91.2) | 891(3.8) | 1.159(4.9) | 23,309
1o 9,993 |12,444(79.7) | 1,701010.9) | 1,447¢9:2) | 15 602
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Fig 8. Orthophosphate of Cold Acid Soluble Fraction.

Data from Table 2.
O——0O Light, Anaerobic, Ortho P medium.

K oeoans X Y , Per P ”
@ ——©® Dark, Aerobic, Ortho P #
A A 4 Pyro P ”

9] 7% Pyro PijAoll A gFe] el EBRERS A
4 F#2 Ortho PoiAle] A kel veldd, ol IF
ke Ay AXRE RikE Pyro Pt s
Ortho P2 ##=olok ¥ A7 s EQ oz 47
b, Acid Soluble Poly P& Kulaev(1974)9) 7%
garc e Ak et BiERdAAe gz ddx
o] A% Pyro Pelx stgles Nishikawa et al,
(1973)= st&olA Pyro Pt 4454 et sl
o & AgdAe oleh & YeigelA ne} B
fotd 458 g Hel FAsgel (:2) Acid
Soluble Fractionsl] Pyrophosphatezl Eiflete #H
Ortho P A 2.5} Pyro P Aldl4 "4 go] vdelte
RoB —Kz Qov kel A% Ortho PR
25} Pyro Pl Aol 4 o w2 &2 Acid Soluble Poly
P7} Vb7l stk Ortho Pla18] 7= BiE#Re
Pyro Paj A8t #41t &9 Poly P7b vehte Zlez
pol Bk AT Pyro P/t 435z 445 =
% Pyro P b8l 32 9 Poly Px Acid Soluble

Fractione] Eol slvtz 48+l

Kornberg(1957), Hoffmann-Ostenhof(1962), Guill-
ory and Fisher(1972)%-& BgAiol4 Pyro P/} 444
o2 ARAYL xadta Yz = Acid Soluble
Fraction®} Ba. Salt& toluidine blue® metachromacy
€ oA & A5l 4738 Ko velnvde ez v
%-¢] Pyor Pgt & ol 71 Chain®] Poly P7} ®#ES
A€ Ao AAstE Zolv.
s ksl 444 Ba. Pyro P¥ toluidine blue=
metachromacys} @ eivA ¢ o £o]e} (Miyachi,
1961. Orews, 1962, Wilkinson & Duguid, 1960).
sjop ] A BEERY A% F4 =) 4=
HEHA+ A& veld e Ortho PH A= 744 HE
o2 ¢ F, A skt Pyro Pilxe] A4 780
744 A A Frbste Aol Ut
R A% OrthoPAAGl A& A4 gt4s2 Pyro
P& 7He] 714 wor =4 zpista Qo

Salt Soluble 3 Hot Acid Soluble Puly P& #2s}
ol A2 FRell Atgle]l BEERe] YA ol
e}t 38| Salt Soluble Fraction®] 7% Kulaev
9708 A2 e BERAA ge] FaHded &
Agse ZEHY Asje .

=7 Pyro Pt ofed 4344 msigod 24
g9 As2E FHAEL #AS vola g,
22} Pyro Pajx8] A4 42 Rz ®KS Pyro
Ps} 2 inorganic pyrophosphatased] fEf.o =
(Klemme & Gest, 1971) Ortho P2 2819 ¥ c}4)
Poly P2 B8t %2 Baltscheffsky(1967)¢] &
¥y E, coli(Kornberg et al,, 1956)l 4} 7o} E
# Poly P 48R frAsteA+ #fx god
Total Poly P&e] iz F3siAs BEEFHY 7
EgE 292 44184,

% Poly P #2s} gos 2 wjekgdaly) ke 2
¥ 48 2ol
14 g AL BEEAY Pyro Pijzleln 74 A
£ AL 8% Ortho P dl 4 o] v}, o] Fol 4 52
%% Pyro Pl 2] 7H wioks] A% ¢ dry cell mass
E #1205, ©]& Yeast¥ 7% 14,5%(Langen
et al,, 1962)°]+t dry weight®] 2% = wJHEsivtE A
(Drews, 1962)3F & oj-gel=l 24& P9l 40~50%7
A gchE (Friedberg & Avigad, 1968)Ast= & 9
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Fig 4, Changes of Total Polyphosphate of Each
Culture.
O——C Light, Anaerobic, Ortho P medium.

W eerens X ” Pyro P s

@ ——@ Dark, Aerobic, Ortho P #

A A 4 Pyro P+
b,

Bol gt Be e wlopxAcviEtE A4S M
de WAt Az AREA JehdE dolH

peacge] A% Pyro PiixE& 7HOl A% w3et
45 PIE%Y A%+ Ortho Pt zeisich.

E$ie g A Ortho P& 78] 7% Al
g7t oA A&s, Pk =& Pyro Pl 2
gt
o] 84-& Acid Soluble Poly P #AbstA vehta,
K= Salt Soluble, Hot Acid Soluble Poly P& e
geprol | (Blors )M BME 4age] 2 st
B Jerz Qled EhE & Poly PEF Acid Soluble
Poly P7} #giino s %Eels = £eolet.

% #:3% o Fractiond| Poly P9 2 Poly Pel of &
0, 29+ el B¢k Ortho P4l 74 Hot
Acid Soluble Poly P/} 288 #4Ax¢]x Acid
Solyble Poly P7} A1 A ek PyroPH =l A4 Acid

Soluble Poly P} 90% A= S&dl ol WA H4
Pyro Pg#Fo 2 nalvh.
Salt Soluble Poly P& &3l A& #o] vehdreh. B
o} Ortho PWxgl A$E Budste 2o Acid
Soluble Polyst 2482 4l dE

o] RE =A AFa uksh el Kulaev(1574) s+ &
o}Z thg A ste], Ortho P2 Y&l Poly P/t GRS
= o3 BrEe] R we obF ebAlTE Ag v
bl & i+

Poly Pejx1¢8] 74 % Acid Soluble Poly P/t A4
oe g 4o Salt, Hot Acid Soluble Poly P
7t o} F A& e| Holet.

2pes %o uxld T ALY EEA
£ 2RE KEFEAA RS 24 Ortho Pilxx
t} Pyro Pl a7} sha BEKiEEel A% 2 R %ol =
Total Poly PRS BHize A #3 Pyro PAAdA
g}, o]z ez nl %ol Pyrophosphates Poly P&
o JLAE EE BAH] A+E RRIE Aoz
4z gt

£ R. rubrum A £¥ T3EHAA Pyro P= &%
T aRsE Aoz Andd

1. ¥AR#EE R, rubrumg Ortho P, Pyro P71 &
% Q4R EmE B ERBE sagslo] 4@, pHE
{t, Polyphosphate& £%& z a4

2. pH¥ Ortto Pujx ne} Pyro Pul =] N4 o ¥R
}.
3. WEL B R Ortho PAA A %3 Mg
R+ KA

4. Poly Pgre 81 EZER) @lol Pyro Pulj Aol A
Y53 st

5. st oke] 7% Ortho Pui Aol A oyl oAb
ge] Pyro P7k £4KAL: A2 Belel,

6. Pyro P old @®ikela A3 long chain Poly
PARol BFedsEs Aoz naldh
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