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Influence of Carbon Sources on the Growth, Formation of
Bacteriochlorophyll and Carotenoids in a Photosynthetic
Bacterium, Rhodospirillum rubrum
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ABSTRACT : The influences of organic compounds such as acetate, alanine, glutamate
and malate, on the growth and formation of photosynthetic pigments as a sole or mixed
carbon sources were tested in a photosynthetic bacterium, Rhodospirillum rubrum. Cells
grew most rapidly in culture on glutamate-malate mixtures and showed slowest growth
in glutamate among all cultures. Cells cultured on acetate-glutamate mixtures showed much
rapid growth than those on single carbon source separately. Cells cultured on mixed carbon
sources generally grew more rapidly than those on each single carbon source, so it seems
that mixtures of carbon sources exhibit synergistic effect on cell growth.

The formation of bacteriochlorophyll and carotenoids was initiated simultaneously
regardless of the kind of carbon source. The synergistic effect of mixed carbon sources
on the formation of photosynthetic pigments of R. rubrum was not shown distinctly. The
influence of carbon sources on the growth and formation of photosynthetic pigments were
not coincided. The ratios of specific contents of carotenoids to bacteriochlorophyll were

about 1:2 with some variations according to carbon sources.

Key words : Photosynthetic bacterium, Rhodospirillum rubrum, Carbon source,
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al6% FYH AZel UEA Rhodospirillum
rubrume We) 3l Wi 714 FPge=, Wl
o] gl& We IVH IFoE ARY £ UL
{van Niel 1941: Elsden and Ormerod 1956
Thore et al. 1969; Oelze and Pahlke 1976),
o] ¢l 3714 AN E ghiddel we}
Hol 93 AAY 4 UoJA (Kohimiller and
Gest 1951; Thore et al. 1969; Uffen and
Wolfe 1970; Uffen 1973a; Schultz and

Weaver 1982; Schultz et al. 1985) Aj=jihdo
2 e Foigle AEE HF s fck

R.rubrum®] A3} gty o] Hg A=
o]2o]d gti=d| R, rubrum e siigoz2y A9
3] ookt f718S o183 & e ReE wiA
¢low (Elsden and Ormerod 1956; Knight
1962: Olsen and Merrick 1968), W= 4& @
2 feule) whAaYe] o83 Qe Y A
(Coleman 1959; Uffen and Wolfe 1970; Uffen
1973a, b)u} S29E YL de Al v]A
+ AN (Gest et al
Uffen 1982) o] Nxse} 9ok o& 334
A7) Rhodobacter capsulatusol &= L-33 D-
3 malateo] & AR TS AU 9
A =-g-¢] ws}h(Stahl and Sojka 1973) 7%
Chlorobium thiosulfatophilum e 2+ 2|7} &
7189 Azlel gk AT thAlel] Y FFo]
¥ usledch(Kelley 1974).

#2oll= Leuconostoc oenos(Salou et al
1991; Loubiere et al. 1992b; Sallou et al
1994), Eubacterium limosum (Loubitre and
Lindley, 1991; Loubitre et al. 1992a), =+
Veillonella parvula(Janssen 1992) $2& 7|34
ol Wiy A AYL T vl A &F 71AEG
FUNAANS AAe) 2AFAYR HF AAFE F
ZlElE ARE d9en oW Ay HHeEc

1962; Solaiman and

ol4=5 wort £ Pius o)dsE iAol
ALE wEAE2d Fag A ] g
ek z2iv 299 TGN FYAAAT 53
R. rubrum®] Aol Wiyt 7)Ao Y HYL
wAsE S X et

38 R, rubrum®] bacteriochlorophyll (Bchl)
o|t} carotenoidg Fg¢4d Ao JVAY ATE
£ Poht kAol o3t Aa 84 23 (Cohen-
Bazire and Kunisawa 1960. Oelze and
Pahlke 1976:; Arnheim and Oelze 1983), A
~chula By e
1967), A4 =AJu](Picorel et al. 1983), &
=9} Akt pHel <3 A2 ¥4 274 (Uffen
1985), carotenoid®] Al ¥4](Schwerzmann
and Bachofen 1989) 5ol gict. of2 I3 A
#2 Rhodobacter capsulatusZ¥ HERT#N %412
g4 M4 84 (Madigan et al. 1982) ol h3}
o, eAdn} M4 84 (Grether-Beck and
Oelze 1987) So] 9l Rhodobacter sphaeroides
2= P 23 Bchigiid =4 (Oelze 1988) el
g3 HiFeo] 3led,
(1989), Takamiya(1992) & Sol¥ 2714 #
344 AlF3l Roseobacter denitrificanst= 343l
elsjA Bchls} carotenoid®] ## o] Asigcks
BTE ¢ v glen ol FZ YA el
e dTFE AR FERAN IR U
(Wellington et al. 1992: Young et al. 1992;
Klug 1993: Lang et al. 1994).

a2 ol2idt ooyt ATelE 5 "ad
< oe) e R rubrume] AR A4 YA
e} Ab@hAol) 3k 7 Solaiman and Uffen
(1982) &} 3] AgA) AT ol A Holx|
%3 Stk

£ d7E ¥ Hel s R rubrumd
oo 9= Fo gy siago wiokyel 4

EA(Vernon and Garcia

Iba and Takamiya
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A3t A4 Yol oA vehbexle = 4
A2 YHL oHY JAYE AT Y= AF
Yobu Tz} AASIgie},

As 9 =

T % Y

FA) 5= Rhodospirillum rubrum S]1(ATCC
11170) ¢}l3, wi=]:= Bose et al. (1962) 2 wj=|
oA &hdE ALl AL FIMAZ e o]
o] &49E #71sk2 IN NaOHZ4 pH 78 =
A #(Oelze and Pahlke 1976) AMg-3%ith.
ARE-EE ©Ag2 acetate (sodium salt anhy-
drous), L-glutamic acid, DL-malate (sodium
salt), L-alanined] 47}xX52, w44dg 5o
2 A3ds 0.3% (w/v) 4, F7AE Eisid
A HE Zzt 0.15% (w/v) 4 H7rsidch

shifoke, ¥ AYelA A B g7t A
3 2AR M ZE 7] 5o, 300mL A Skt
Foll shA P (5 == P 2, 30mLe] wix &
Yol 973 F ApHel Bose et al. (1962) &) ui%]
2 gdufolgt tir)e) R, rubrum Wk 3mL¥y&
HE3pa ol FEE A 3las WA &Fa
¥ foilZ #}4 (Horio and Kamen 1962: Uffen
and Wolfe 1970) 120rpm, 30C% shaking
incubatorel A 2 F<t g on, 1} kiR
HAEEs FYYALr AL 249 e o)A
EE FYR o 7t A viok) S 3mLy
AEsl AiuiFsioz s et 443 2
o AxE Ach

uljoke WX & 75 A& 60mL A7 Eeks
Foll shiFo g A FAA FY40 Ao
g AX gd g aHE M Zdo] UXFES
2Rk (A, =0.017) HEZ TFuE 2o}

tirell RA)7) A Ble] BEAMLE ARA|A 7]
o2 ghE ¥ Wd HFEZH 2000 luxZ FL
A5k 30CelA wheFslgc}

ME 8 % YME2| EYs §F

A vl AZHHE 3R] PulFdg 94
Be](Sorval RC-5C Refrigerated Centrifuge,
$S-34 rotor, 5000rpm, 6T, 204%)3}d dojxn
M ZEol| QQAIHEAE 7held EUR F a3} WA
sl MAY AEE F8sigen, o] AEd
YAEHE ooz FAY ool A 60% A=
218 tisled vortex mixerE FA2 ¥ uf7}z)
4o 680nmell4]2] F4% (Perkin-Elmer Lamb-
da 5 UV/VIS spectrophotometer) 24 A=A}k
€ 2A)3}¢lc}(Cohen-Bazire and Kunisawa
1960 ; Solaiman and Uffen 1982).

oke? Huld Ftdol FHL AT Bcehld
carotenoid®] 7AA)1A ¥4 YT E FH37 93}
o] 350nm-900nm7}Ae} WME FYEE 27,
H) i 3lsdcl

Mo FFg W HIEF AL

A Ze] Fgxo} vlasia M4 YAA7)E 3
g3 delll?] fsl YHIEE HE] JFP4a
& FE8%ct dae AE S8 FIG g
2 20mLe] wulicjllo2RE] HES Y3 F
acetone-methanol (7 : 2, v/v) E¥8ul (Grether-
Beck and Oelze 1987; Schwerzmann and
Bachofen 1989) 10mL-& ¥ vortex mixer®
A 208 A= SAY F YR 2
238}9].2.n (Cohen-Bazire and Kunisawa 1960;
Uffen 1985) 2 #1348 23] whE-3lmay 84
g ALE 25 32Y 5 UdR 32 A4
T 7y ¥ F3sY wNE A A4
Fe Acaladch 33 4480 PR
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350nm-900nm* X FREE HHsA 7 &

A¥wz 42 YYAEEF  w)@ssicH(Schuitz 1
and Weaver 1982).

22 A8 o] Bchls} carotenoid®] =k 8- 2
& A4rs7] $isiA 9A Behle HdA &5 43
ql 772nmell4], carotenoidv 495nmeljA] FH=
& 238gen, F4ASE Behl 772nmell A
65.3mM 'cm™' 2, carotenoidt 495nmeil A
149mM'cm™' 2 AAk8ledch(Jensen and Jensen
1971).

AzFeke wiokde FFE7 AS=0.1d
vk} imL% 0.087mge=2 A4ksiedch(Holt ]

° ° °
» [ ] o
, :

ABSORBANCE (at 680nm)

and Marr 1965). Bchle] w§eke mgARMAE ° 80 72 92 " 138 182
E 712 819 A - A’ 0.87" 65.37' 2 |43} - TIME()
A7, carotenoid®] MAE Au - Au 0.87" Fig.1. Growth of Rhodospirillum rubrum

on alngle carbon sources.
149' 2 Al4bsigch -2~ ACETTE = GLUTAMATE

~8- MALATE =4~ ALANINE

Az 2 313

aglol oE ME W

Fig. 1& 94U 9odo8 wote del 433§
qg Jed Aeln, Fig.2e F 7Y ERd 3
Gdage wople W) APIHAE Jepd o] o8
c}. é

el gide ASsE 9o R, rubrums] 4% gw
& Bagel E54 Al 2olE Ae W% %

shch7h 92417k 114417 Alolol malatesl 3
Ag ARe dehiges, 16247614 2

malatesl 28] o] 7% FeAA A et ol

e (Fig. 1), ol malate?} 32 344 A2 T e o
o] A o]gdh= gAY o F2 AAE ehin Fig.2. Growth of Rhodospiriium rubrum
L= Grether-Beck and Oelze (1987) & X3¢} o - m:;:;?m;“l'ﬁ:::_mm
s} glch ~0- ACETATE-ALANINE =¥ GLUTAMATE-MALATE

~0— QLUTAMATE-ALANINE  ~8~ MALATE-ALANINE

Acetate, glutamate, alaninedjz]ollA= =%
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A7 G glod, 138417 ol F 234 3

713t glutamate 2} alanineolA= 2824)7},
acetatesl x|o| A= 306217t vioel]l o)22]4] A
7} zbz} 0. 47, 0.429} 0.3424 t}x: Y] 7}
= (AR o)AA)). ©]F A malateo])9]e] A7}
x| kol AdE] 71 fEr)gte] Hay AL
ol REAUES] thalel] AP Hao] gAo] uf
F 27l vi¢ Achrt i A|7ke] AFE] Az}
¥ Foll gAo] okt FolA7) o] opdrt 42
oo}

dadE EYeE A9 AL glutamate-
malate EgRzloA] 7} wgtsr, glutamate-
alanine TR ZH} oA Jelgon,
wjoFr e wwElH E7)d= vy A el
W3 gley} acetate-glutamate, acetate-
malate 1282 glutamate-malates)z]= 924)z},
114474,
alanine, glutamate-alaninevix]+= 13847} o] %
- Aol d43] F71sdct. B3] acetate
9} glutamate EYul=|o A= 162417 vioks)&
w o] acetatedtFujr]o)4] B} 4w, glutamate
=Rl Bol= 6ule] A3 St A e
Y} (Fig. 2).

Fig. 13} 28§ %Ysid & o HNZ A
malate HSujx|Rc} 23]
alanine&gulx|e] A& stz e A
+ 2AaYg 950 E AGYE dig F FRF
& o7l =24 Yeptx gled oe
pyruvate2} malate§ E§ A% Solaiman
and Uffen (1982) 2| 7o} A5}, acetate
= 9503 23S wrRc}l 22} succinate,
fumarate, malate®} E3 vioklg e A3
o] =4 A4%ch= Elsden and Ormerod (1956)
9] Aol AMgsiaich =3 ol2dt EY wiad
9 Aol oy AeEids vEYd MEd

malate-alanine x| acetate-

3 malate-

Eubacterium limosum (Loubigre and Lindley
1991; Loubi re et al. 1992a), Veillonella
parvula (Janssen 1992), Leuconosioc oenos
(Loubire et al. 1992b; Salou et al. 1994)
FAIME BIFHT Qlo] g2 Zfl g &
gt Aol st J5EAE veplle Ao
Bolck v ARl i EUREEYY] By
Veillonella parvular} Clostridium acelobulylicum
oj4 MEuUe] NADHU ATPS o] F7)3ic}
+ X (Janssen 1992: Vasconcelos et al.
1994) \} Eubacterium limosumol] 4] g3} oy
A QP2 o]g-57} wolAle e 7|k
A (Loubizre et al. 1992a) Ax¢] B3gk 8%
2 FAAHY 71AE- olr] EEHY P2 o}
gle R rubrume} A$E wldrl2 Fdo}
¥ A2 dolglc)

WMo E3S

Fig.33} 4= 27 o5 295 71 =)0 4
A& Hal glitamate wjx)9} £¥ skt A3
o ¥ AEAAE 71} A Jebd acetate-
glutamate EghixleA PHAE] HAH FP=
Halg Jepd Zeojct

glutamate HEulx|ell 4= 1384]7ke] Sjojxjo}
3¢ 883nmel 4] Bchl®] peak7}t vepdr] At}
A2 500nmy-22} carotenoid®] peak+= 1624
Zho] slojol 234 eldo 2y QAT F4
E2& wFE A)zke] AR Xt Folajol Y
Y¥y4& & + Uk

acetate 9} glutamate® Eg§ A-9ole 724
Zhiofell 4 Bchl®] peakr} 33 =2 JJeh}r)
Alzsted 92417t Wil M F3E peakdF ¥
4 Adsdem, carotenoid®] peak o]} #w|s}
A Jehdr] Aabsied 114417F o)F 2 peak7)
o% SRk 3 oledel YA o] nimA wE
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Fig.3. Absorption spectra of intact cells of

Rhodospirillus rubrun cultured on glutamate.

1
350 500 700 900

Fig.4. Absorption spoctra of intact cells of Rhodospirillus

rubrus cultured on acctate-glutamate mixture.

3l 9} malate HFEW)R|o)AE Fig. 49} vl

¢ AYe Vel Al Az 45 dAd
uj) %] 2} acetate-a]anme# glutamate-alanine
siRlol A Fig. 35} w13 #32 JYepids (AL
8 oAy, =% %‘:—’x‘-ﬁﬂl A glel Bchig
carotenoid®] peak®rt} A} A4 e}
e AL B £ AAT 2gA] AR
FF= 2= carotenoid7t M3 YRR efolA
peak”} vjehix] b= AR, peak’} viehix]
$e HER 4% YAFH AR &4 & F
lel®, w@=}d Bchld} carotencidFoll4] o=
Aol WA YAHEA Fe FAd YAAEAT
ojehs] w7t ofe .

peake

=E Mol Y AlZHE ET s

Fig.59} 6& 77t glutamate®} acetate-
glutamate Wix|ollA] wjoFgh M oA 35 A&
o) FBEE wioF AZPEE dehd Foldh
acetate$} alaninesjxlol| A& Fig. 59 vixd &4
e Jepil, malatedlxlel ¢ &z

A Fig. 65 v]&g WHE Bgo} iy
wz} 7t spgell e £33 AEv 42 ¥4 A
tha Aelrl AR #lAAD.

RE ujodoll A Aag FEUL e AMEelH
of= oz ¥4 njckdll4)= Bchl®} carotenoid$
peak”} FAlol} vehon] M 34 o) giad
& YRS urt S5 ALHE dic oS
go] olFoixx glo AR My FrHAE
o} wgeF F717} obd) & wlHAelel= Cohen-
Bazire and Kunisawa (1960) ¢] ¥ 329} d=x]3fx
At

glutamate wj=)ol| A= 13817k} kol 4 Behi=}
carotenoid®] &%zl }zke] peakrt UAH
gdeom 162417 Fell A= 772nme]  Bchls
495nme) carotenoid peak”} S84 ehte
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Fig.5. Absorption spectra of photosynthetic pigments

from Rhodospirillus rubrus cultured on glutamate.

( Solvent : acetone: sethanol= 7:2, v/v )
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Fig.6. Absorption spoctra of photosynthetic pigments from

Rhodospirillus rubrus cultured on acetate-glutamate
mixture, ( Solvent : acetone: methanol = 7:2,v/v )

v carotenoid®] peak”} Bchl®] peak®rc} <7}t
=4 Jeldx o (Fig.5).

acetate-glutamate Egvix|ell A= 9247k
114Xt Alelell ) A2 Aol go] o]Fo|Ze
o, wimdez =il 772, 600, 450-
550nmoil4 Ztz} Bchl, bacteriopheophytin,
spirilloxantinel] 2J3F peak (van der Rest and
Gingras 1974) o] Jepoy A)zie] e
&  450-550nmel}4)2] carotenoid peak7}l,
772nm ¢} Bchl peak®c} AAdjA e 2 = vepd
2 ¢le] Cohen-Bazire et al. (1957)2 Z=}s}
dA]sl3 lch(Fig. 6).

£ AgellA 32 Y239 Bchld} carotenoid
o] Mo) peak: 27} 772nme} 495nmel A Liel
whd] )= carotenoid®] 3R peak”} 474nmel|
A Jehdol= ¥3(Uffen 1985; Schwerzmann
and Bachofen 1989) ¢h= thx zjo]7} gleon}
Vernone and Garcia (1967) 9] ZAseh= AR}
Zojet.

Py A=k A

el R rubrum2] 1lmg AZFY nmolZE
el BgtA 49 w)geRe Fig. 7-105% 2o}

Fig. 75} 82 R.rubrume] g4y Bchl wl§
2e Jehd otk o =AY g
Bchl u)§HR2 60417k wlope] 79 biddel wa}
#}2] 2uf71x) e} xpe] 7} whx|qk whoF A|Zke) AR
o] wa} a2 zlole FojEx FEoidct A2
B okl s vl A|Zke] AojAel wiz} u)
gpo) FuiAE F7} sk AR el e
Pe] 7h FUR malatewizlol] A 7hF e
28 Jehd b YRele vy o A&
alaninem Ao 4 ¥ £ & Hole Zo] Fol3}
A} (Fig. 7).

Y =29 wiokiA9] Behl wigERe 5wk
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Fig7. Specific bacterlochlorophyll content of
Rhodospiriiiuvm rubrum cultured on
a single carbon sources.
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Flg.8. Specific bacteriochlorophyll content
ot Rhadospiriilim rubrum cultured on
mixed carbon sources.

=6= ACETATE-GLUTAMATE ~&~ ACETATE-MALATE
=8~ ACETATE-ALANINE =~ OLUTAMATE-MALATE
== GLUTAMATE-ALANINE =8~ MALATE-ALANINE
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Fig.9. Specific carotenold content ot
Rhodospirlllum rubrum cultured on
single carbon sourceas.
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Fig.10. Specitic carotenold content of
Rhodospirilum rubrum cultured
on mixed carbon aources.
«~&- ACETATE-GLUTAMATE =&~ ACETATE-MALATE
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A vl s} ch2A wioF)zhe] Wil wde}
Wi FTE wlgekalols Alslgdm, e wjoFTo)A
E A)7ko] AojAsR glapo] 4ul7hx] Frlsigc)
a2y 162417k wioell Ao wigtgke dEeiay
ol & =2 wielA AR ol Belx]
wsich. 8 "4y wixlo)Ae AT} vz
o vy %S YF& ¥ glutamate-
alanine, acetate-alanine, malate-alanine &
thik =)ol 4] Behl vlgtego] A ey, s
Y Wik Ze o APgol A Folgd
acetate-glutamate Egluj=x]o)4] Bchl u]§ako]
7P st} (Fig. 8).

o)49] AIE F¢sld alanineo] Eo)ztg o
© 5 £t £Y s24 ¥4 Behl v
o) ¥ Jehi= F%e ¥ 5 AT Doy
HFo2 AR A9l vl TN o T
A9 AsEE ¥ A= e Behl vy
< e dol TP YFAAE Ho|m gl
ol ME Qs AL o] B dx|sx)=
9T ez Bk ol ME Ay Hi
o] U= Y= Solaiman and
Uffen(1982) o] ZAs4s} dx) ==, A X9 Bchl
H1 32 dA3 Behlg i3k ME uvte] @
3 AZe 9 gYol= ¥ T (Holt and Marr
1965) ol w)3=¢] & of alanineol4] Y M Zojl=
Bchi§¢ #i3h= HE ulgo] malatedld] =7}
HZX Hrt o] golal o] ophdrt Aztgic

vl carotencid?] w|¥ske Fig. 92} 1034
Aokt 95 ®kbdlelM9) carotenoid vl¥ake
162217t vjkg 71€22 ¥ of malatew)zjo] 4
7 ¥3 alaninewizleld 7}z @A Yehlz
31¢] Behl Wlghs ot o8 A Rolxm
Axed, wiF Zrlee wlwy P wiyae
Hojr}rl Azle] AAYLF gL F7HE Helxn

Udd=d AAEe) =& malaten]x)o) A

carotenoid ¥|§R=E EA Jehix o4 Bcehl
vt 9] Apeh= alelg el QUch
(Fig.9). &3 &t =l 4)9] carotenoid M)
%2 malate-alanine, glutamate-alanine )
Alel4] EI acetate-glutamate,
alanine wWiAlell4] A ej3 glo] Behl g
Fohe okt fAlER0 Sht ohE oge Molxm
2len], acetate-glutamate, acetate-alanine
Wjxjof| Rt 502 AMg-418 we] malaten) =)o)
gEc W Jelkg # Uiz gl
25 5 & wie) wls) Agastr} gl
(Fig. 10). &3 st2alAe) B3} wizs) e
@ carotenoid WYL a4yl BE PAHE
ok ok JARS HolT o) wade R
<+ 9 AEAE Jdepisivhke HellAde fA8d
o}

olde] AAZRE e Az} wioellA
carotenoid ¥]3=2 Bchl w]§tsiRc) o= A
€ ¢ 4 3t el Nordlund et al. (1985) 9
Bael AR Qlch. w3 A YL ARz
3 &iqle] wie} cEn gdaydg EYde o
AR A YA mizle A= o e}
U, AE PR} Qe wijie N2 Y}
AR o Aod epgc

acetate-

MZ Fetdaaol dhau)

Table 12 k-4 Bchiel] )&} carotenoid 2
el E Jehd Aojd).

&E g go 2 wglE e Paus 270
< glutamateoll4] 743t £33, alanined4] 7}&}
Woto} Azke] AHYSF malates)4] 1 =
A alaninecij4] 7b¢ Wglom), 2y gioz
W FlE o] P3| acetate-malate wH=oj]
A 71 ¥31, acetate-alanine wizjell4) 7}z
st}
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Table 1. Ratios of specific contents of
carotenoid to Bchl from Rhodospirillum
rubrum cultured on a single or mixed
carbon sources at different culture time

Carbon source Ratios (%)
Culture Time(h) 60 92 162
Acetate 31 24 46
Glutamate 50 29 53
Malate 15 50 76
Alanine 6 19 32
Acetate-Glutamate 25 37 67
Acetate-Malate 37 54 96
Acetate-Alanine 7 20 34
Glutamate-Malate 22 62 78
Glutamate-Alanine 7 23 59
Malate-Alanine 26 32 82

Bolgt AL ©E BAYE Y wAyelE
alanineo] T3 wixleAe) vlgo] tiNHE
Ge A%g 59 Wel malatert EFE iAol
A wzd e ulee ded Aot

Ao Buf 27)ollE carotenoid®] WIHH
o} Bchiel Hl# 50% e)3tg.ent wleF X7kl 7
Shatoll we} 3% carotenoide] ¥l&e] oA
A 92217k vheke] 24 Al 20-62%A = = AL,
162417t0] 5j8 A& alaninewizloll 48] 32%=
BE) 25 acetate-malateshX|ol| 418} o] 96%
7A slglel. old wighagmle] wik= Behlol o
% carotenoid®) ¥]&-& BE AR7IZE St A
2] 9=tk ¥ (Schwerzmann and Bachofen
1989) oh= YAskAl ke

a2y wge] Eo] ta &7l AT 1624
2 wioke] AS el FF Aol AMA
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