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i korumak i-in elektronlaré -eli
cnher el ektron al éecél aréneé he¢gcre
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ADemiri ndi rgenmesi yapan bakteriler gibi baze
metalik minerallere elektron aktararak enerji elde eder.

ASonkel i fl eni krinmz@anienmalaryénkorumak i-in do
di ker hg¢gcrelere elektron aktarabildi kini or
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Nanoteller ve

Elektron Ak e | &izemn
- AC o ksentroflk or t akl ekta el ektr ]

aracéeken, ANME il e SRB a

al élverili ger-ekl el mez.

A Bunun y i I ki t¢r, SRB t
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SRB HotSeep-1 ( H) v e anandtedler an d-
bi -1 gnde¢ !l mektedir. ,
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MIi krobi vol oj] Temag< e

A Mikrobiyolojinin t e mel temal aréndan biri, yeryg¢zende
mi kroor gani zmal aflogenetiod ekianl st igki di r .
ABu-elitlilike °nceki b°l ¢ mde ké&ésaca dekinil
detayl é& bi-imde yeniden el e al énacakter.
ABub®°l ¢mde i se °zell ikl enetabolk r ebi ganil zmal aeéb
el it il i kin al twvwemedkanizymadat ancelersegektie - | e r

AAr d éndaragmani zmal ar én k e n dmetlbolike- edi®intéllielriekk b u
bakI| ammikrabigal d ¢ ny afilogemetik ge ni | | i kkio nourltaacyaak t € r
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AFototrofi, el ek enerjisinin kuimkrabiy@él ndé naynaldaamé na g
ol duk-a yaygen i r yalam stratejisidir.
ABO |l ¢ nbeun k € s mdtmotdmi kr oor gani zmal arén °zell i kil
koruma stratejileriele al énmakt adeéer .
A Bu stratejilerin, CO ikar bon kaynakeé ol arak kull anan b u
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fotoheterotrofi ol ar ak taneéml aneér

S

TN A Fotosentez, &1 €k enerjisinin kimyasal enerjiye o
O D¢nyaddaki en °nemli biyolojik olaydéeér
o=
=D A Fotosentezy apan c afoidiréflaalrea ver i | i r ve&iteku canl el ar
(o= karbon kaynakeé ol arak kull anabilen ototrof
‘;, Al [ érerjisi, CO @inor gani k bileliklere indirgenmesi njin
g y al am Dbfotoototnofi ol ar ak adl andérel ér . :

A B a Zadotroflar or gani k kar bon da kull anabilir ve b ;
o @
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Fotosentezin Evrimi  ve
S
TN A Fotosentez Bacteria © 1 e mi i -inde ortaya -ékmélteéer ve
O el éké enerji kaynaké ol arak kullanabilir.
o= ) )
= A Bakterilerde en az a lfdtosenteta sk Isé¢ em evr i ml el mi | ol up
(o= Heliobacteria , Acidobacteria, vy el i | k¢kert bakterileri, m @
&S f 1 | a menmoksfeaik fototroflar ve siyanobakterilerde bulunur. .
= -
.= A Fotosentez E u k a r yise®iganobakteri k © ken | i kl oroplastl areéen
D endosimbiyotik k®° keni sayesinde ortaya -ékmélteér. P
) ABu-elitli sistemlerin farkl &l &klaré olsa da o
payl al er . |
A o
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| |l ek ve Karanl ek R
Temel Ay r e me

A Fotoototrofik y al am, paralel -alé&lan iki s¢re-ten
ATP ¢retir.
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Al | & kit sakn& ms & z karanl ek ryeiarkasiirygoenrl awre ihs¢ec rCeCs e |
materyale d°n¢l terer.

TEPE

AKar anrleéakk si yon@iameénm r @@ me s AT P 6hem deiNADH
veya NADPH gibi el ektron taleyecelareéna i ht

ANAD(P)*@®ini ndi r genmes. I -1 n gerekli elektronl ar
vericisinden sakl anér

Bektal

=)
(=)
i
(==
(1" ]
—
(o
|
e
A

Dr .

Bektas Tepe
gezimania_tr



Elektron Vericileri ve
Oksijenik dAnoksijenik Fotosentez

Brock Biology of

Microorganisms, 15. Ed.

4—N A Bitkiler , algler ve siyanobakterilerde fotosentezde elektron vericisi sudur ve
Q suyun oksidasyonu sonucundaO a- éka - ékar
- . . L
= A Bu nedenle bu organizmalardaki fotosentez oksijenik fotosentez olarak
(o= adl andér él ér
S 3
— -
:: 3 5 Prokaryotic phototrophs \c_s
. Purple and green sulfur bacteria Cyanobacteria —
! | x
b Anoxygenic Oxygenic ;
Reducing power Carbon Energy Reducing power Carbon Energy
HyS~ co H0 . co
A l f/sc:/?? , 2 ADP e /siciro,,s 2 ADP
electrons 9 A ~~~A 5
slo ________ > A @=Light v, +=Light
SO.2 (CH,0),, T~ CATP 10} (CH,0), T CATP
(@ (b)
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Elektron Vericileri ve
A 2
| I | | | | I | | | EE
Oksiljenik 0Anoksiienik Fotosentez
8
é
- — ABuna k a r | MAdlighdcteria , Acidobacteria, vy el i | k¢e¢kert bakter il
Q bakterilerve f i | a meanmoksifeaik fototroflar gibi bakteriler suyu
O kullanamaz.
@ mecomoes -
(o= A Bu bakterilerde elektron wvericisi HS gi b Il ndi rgenmi | k¢ ke¢rt
e veyaH ol abi |l I r v e¢rbeut nse;driakoksijehik fotosentez olarak "
— tanémlanér -
(— a
o = 4 Prokaryotic phototrophs =
Purple and green sulfur bacteria Cyanobacteria —
| | x
b Anoxygenic Oxygenic ;
Reducing power Carbon Energy Reducing power Carbon Energy
A HiS\S/‘ :fol’s s 3 HQO\E/eiC’[ons T T
Slo_ B i :’: v. = Light oA v, = Light
SO% (CH,0), " ATP 1o, (CH,0), TS ATP
(@ (b)
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Fotosentetik Pigmentler:
Klorofiller ve Bakteriyoklorofiller

Brock Biology of

Microorganisms, 15. Ed.

@)

TN A Fotosentez, &l €ka duyarl & pigmentler olan klorof

O siyanobakteriler ) ve bakteriyoklorofiller (anoksijenik fototroflar ) sayesinde

(= ger-eklelir.

=y

E ABupi gment |l erin ,ébl'soébk:etmelsiéotog';ehtestilk gnier;ji )

e don¢l ¢megnegn ball ange- adéemeéeneée ol ulturur. "

== -

g Al l &8 kurul masé sonucunda ATP ¢retimine gi deli
A Fotosentezin k al bi nde yer alan bu pigmentler, &Il & S

E‘ enerjiye -evrilmesinde temel r ol oynar o
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Klorofll ve Bakterlyoklorofllln Temel
35
S =
Y a e
S
.§
4—N A Klor(_)fil ve _bakteriyoklorofil mol ek _g,tletrapirpli y,ap €l aridylka oml ar é€n
Q ana iskeletine benzer fakat halka merkezinde demir yerine magnezyum
o tal ér
— Y
@ ecmoe . . o . . .
(o= A Klorofiller, tetrapirol h al k a s e nydregruplar @ |- e r fotosemetik zar
e sistemine tutunmhaithafabik bhé rs aklkayamal er .
— -
= ?Hs 0.9 === Chla
e 0=¢ HHCH ’ 0.8 =
HsC CoHe 0.7 o
© o é 0.6 ©
m i " 8 05 @
HS(I:—{ CH, % 0.4
HSH | 0.3
A ('3H2 HH{_) (';H2 HT Yo 0.2
| cooCH, Cyclopentanone | r;C.OCI-l/S{y,r'(:lczrpnentancr1e 0.1
COOCzpHz9 ring COOC20H3g ring
Phytol Phytol 0340 400 500 600 700 800 900
Chlorophyll a Bacteriochlorophyll a Wavelength (nm)
@ (b)
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Klorofil ve Bakterlyoklorofllln

Yape

A Oksijenli fototrofilerin bai | & c a

e

Temel

yape

Brock Biology of
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T pi Klorgfina | moll eak¢el ¢ nén
Q Fige¢r adda gosterilmiltir
- . e -
= AKlorofl a keéer meze vabsonpaevtit iekliekie-i n yel il gor¢ényg
o0 absorpsiyon s pe kt rumunda ymkd430narkd deegs8-01 ¢ pi kl er
&S bulunur( Fi g¢)r Db .
— -
= ?Hs 0.9 === Chla
e 0=¢ HHCH ’ 0.8 =
HsC CoHe 0.7 o
© o é 0.6 ©
m i " 8 05 @
HS(I:—{ CH, % 0.4
A | HCH L 0.3
(|3H2 HCOOC}%{| 1 (|3H2 H coocrl}{l 0.2
CODCZOHSQ ri:; opentanone CDOCQOHSB rig; opentanone 01
Phytol Phytol 0340 400 500 600 700 800 900
Chlorophyll a Bacteriochlorophyll a Wavelength (nm)
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Klorofil ¢ el 1 tMel | 1 k|
L A4 A\ 4 A4 5'%
Ekolojk Da kel e me
é
TN A Birbirinden yapésal ol ar aklorofilatrikplié vbairrd-éork ve her bi
O kendi ne @abhsagpsgiyob spektrumuna sahiptir.
.g A Cyanobacteria esas olarak klorofil a 1 - er i r ke n, kildofilzdede t ¢ r | er de
(o= bulunur.
‘;, A Prochlorophyte & | iserklorofil aveklorofil b t al &r . "
= =
o= ABupi gment -eliftoti ot kbt la&@ kda&l ga boyl ar &né -
kull anabil mesini saklayarak ortak habitat| ales
e sakl ar o
A
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Bakteriyoklorofiller ve £
~x &
Anoksijenik F fl 4
NOKSIjenl ototrofiar "8
o
o
.§
A Anoksijenik fototroflar bir veya birden — fomemee . R o R e R
fazla bakteriyoklorofil ¢ r et i r v tems = ocon -our -om-om —on,
bunlardan bakteriyoklorofil a- o kmor s sso-seom
bakteride bulunur. sns oo one —coom, oy
g]&rrpé%g? %2@4 040 O H
A Bakteriyoklorofii a f ar k1 & mo . y .
bakterilerde 800 8925 nm ar a s & n d s o —¢-ox —on -cus o .
deki | en malserpsiyom m " or Oy~ -
g © S t erir. ;:;I::;cnsulfur —CT—CH —CH —CH —cH
bacteria)/740 nm | 3 3 2''s 3 —
. . . o OH ©
A Bakteriyoklorofillerin  f ar k1l e t ] . e st b e . g -
4 H Bchl d —ohg . 3 X
farkl e § dal g abs@npelgorh AT e Lo oo o o f L | Cimamans <
y a p mafiogenetk dakel eml a m on M, —CH, ' Py G0 @
uyumludur. Sente ' om, gy S, 0}
(green sulfur _(|:_CH eH  —om eh —h . oy | S seaeloonol G0 ).
L e s T G - o
ABu-el i tl il i k ftatyofe s i o
el ektromanyeti k spe ., _(T;CHZ on —om —om —ceo—cH, £ oot ot
késméneée kull anar ak. o™ 0 the diferent substuents on
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Pigment c¢el 1 t 1 111 ki
S
. AFar klaé ga b abstreeeeedi | en pigmehotetrofvarkak
mevcut €él ek spektrumunu daha veri ml:i kul I a
AAynhdabi t att a vy afbtargflarn fbarrklid& |l erinin kull ana
bel gel erini kul |l anarak rekabet etmeksizin v
APigment - el i t 1 i | i ki fetatrofstiosptleumluekridaer € nén bi r |l i kt "
s¢rdereéelebilirlikine katkéda bulunur -
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Reaksiyon Merkezleri ve
Anten Pigmentleri

Brock Biology of

Microorganisms, 15. Ed.

- A Oksijenli fototroflarda ve mor anoksijenik fototroflarda
klorofil/ bakteriyoklorofii mol ek ¢l I eri serbest halde bul un
bakl édeB00®epb me riotokompleksteeal ul t ur ur .
APigmentlerin k¢ - ¢k bir késmé enerji Korunumu sg¢r e
yapan fotosentetik reaksiyon merkezlerindeyer al € r
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Reaksiyon Merkezleri ve
Anten Pigmentleri
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- AReaksiyon mer kezIl erinin -evresi, &l &ké& yakal ayénq
yo°nl endiren anteneypiigmeatt eri yl e
ABuanten sistemi, dokada sé&k-a karl &l al &1 an
reaksiyon merkezlerine yeterli. enerji aktar
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Fotosentetik Zarlar:

¥kar yotYl aapre(@mhlzasyon
. A Fotosentetk pi gmentl er ve &I &Kk ]

h¢e¢cre 1 -inde zar si steml ¢

A¥ k ar y tototioflarda fotosentez, tilakoid a d &

verilen yaprak benzer.| Z i o

kKloroplastlarda ger - ekl el i r . \

A Tilakoidlerin i st i f | e n me sgragal yea poell "‘emb"”‘"eb / Stoma  Thylakoid ~ Stacked thylakoids
Inner membrane bi formi
stromave | ¢men b&ygretl ®gdmnb, ) - e e e
organizasyon olulturur.
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ABud¢zen, @&l &k tarafé
motive kuvvetin ATP sentezin
ol anak. tanér

dan ol ulturulan proton
e

n
d kull anél masééna
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Fotosentetik Zarlar: ,
Prokaryotlarda YapeGalli t | |

Brock Biology of

Microorganisms, 15. Ed.

. A Prokaryotik fototroflarda kloroplast bulunmaz ve pigmentler
sitoplazmik zariéemvaj i nasyanlrayemdan z
sistemlerine yerlelir
A Mor bakterilerde fotosentetik zar | ar, kr omat of o
vezi k¢l llamelaaedgaverilen zar Ige ryod) jl
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A Cyanobacteriad dpai gment | er , al g ktilakordlere | &
benzeyen | ameyéekrelapél ar a @
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A Bu lameller fotosentetik s ¢ re-1l erin ger-ekl el
ol ul t.ur ur

Staven J. Schmitt and MT. Madigan
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Chlorosome Y a p &es e
Enerji Toplama Kapasitesi

AChl or osampd glkardl 6k kol ull aré&nda
gel i I mi |l vybaigire!l ar dan
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AYelki¢gkert balChloobiim )eyreiinofls ¢ 1 f ¢r
bakterileri ( Chloroflexus ) ve fotosentetik Acidobacteriad d a
bulunur.

TEPE

Nids-Ulrik Frigarrd

ACh 1l or o s o nbelinhnabakieayoklorofil c, d veyae
mol ek¢l |l eri proteinlere bakIl é ©
boyunca yokun dizialiéml.er hOoO©Il in

Bektal

ABupi gmentl erden reaksiyon mer Keé 5
proteini ( FennadMatthews dOlsonpr ot ei ni ) ar ac s
sitoplazmik zardaki bakteriyoklorofi a mol ek ¢l | er i 7 in,
y°nlendirilir. [
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Désl AW 8K

AYelbhdkteril er fotdatroflarneernasé&mda en del ¢k &1 6k |
b¢e¢yeéeyebilen gruptur.

Brock Biology of

Microorganisms, 15. Ed.

Yel il BavEthiIer
O |

ABuor gani zmal ar, g°l| anoksikdoe’n igzelleerriim ddee rvieny a d |
fototrphlayé@&madékeé d¢l ¢k 81 &kl & ortamlarda

AYelnods ¢l bgkterileri, secak su kaynakl are ve u
ekosi st eml|l amkblayalym&tulnar éon leednaenl eri ndendi r . -
A Mikrobiyal mat | ar da &l &k birka- milimetre i-inde €
de¢l t ¢ k ghlotosomewyy apéel are bu bakterilerin minima K
fotosentetik ol ar ak b¢yéeyebil mesini sakl ar
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Fotosentettk PI gment ¢el
v 1 §§
GenelBak el
é
. A Fotosentetik organizmalar klorofil veya bakteriyoklorofile ek olarak )
karotenoidler ve fikobilinler g i bi bal ka pigmentler de t al
ABu yardemce pigmentler, &1 8 k tfotgséntetika k ap
s¢recin veri mli | ekil de s¢rder el mesi ni S
A Fototroflarda °© z e | Ikarokehoeller ve fikobiliproteinler ° ne ml i ek pi gmen E

grupl aréné olulturur
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Karotenoidlerin Temel Sov e TUUY

Diaponeurosporene

A Karotenoidler fototroflarda en y ay geén
pigmentlerdir ve hidrofobik y ap el ar é s
fotosentetik membrana s é k éca yerl e

Ab-Karoten g i b i ykargtemadierin mo |l ek ¢ | er

|

al akedateri I mil tir

II. Xanthophylls

A Anoksijenik fototroflardaki b a,l' | karotenoid t ¢ r | er ot
vandaki dSumuwlrmdwel t ur A Ada b s

OH-Spheroidenone OH
OCH,

0] Sphercidenone

Splnlloxanﬂm 0 OCH,

Heliobacteria Purple bacteria

Green nonsulfur bacteria Purple bactena

(Chioroflexus) (in presence of air)

Green sulfur bactena Green sulfur bacteria
(brown-colored species)
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Karotenoidlerin Renkleri ve
Ekolojlk G° r ¢ n¢ ml er |

-

A Karotenoidler genel | i kl e sare, kermeze, kahverengi
mavi €l ek e gapsorbeededdar.- i md e

Brock Biology of

Microorganisms, 15. Ed.
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A Bu pigmentler, bakteriyoklorofillerin  rengini maskeleyerek anoksijenik
fototroflara k ér mézé, mor, pembe, vyelil, saré veya
renkl er kazandeérer
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Karotenoidlerin Ener I Akt &
Fotokoruma Ro | ¢

Brock Biology of

Microorganisms, 15. Ed.
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T A Karotenoidler klorofil veya bakteriyoklorofle yak én k on u absabe ar ak

O etti kleri enerjinin bir kéeésméné reaksiyon

o=

=D A Bununla birlikte  karotenoidlerin as el g°revi g¢-1¢ -el ekén te
(o= oksidatif s ¢ r e- 1 ere karl & hg¢gcreyi korumakt ér .

8 A Singlet (tekl) o k s i | ¢ gibi (oksi® 0 k s i j e n fotokgmpleksleri tahrip :
.= edebi | eclarktenoidleeim bu €l ekée sokurarak onl are et 3
D yal amsal ©°nem tal e er

)

A
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Karotenoidlerin Fototroflara
Sak| aAvantaje

A Singlet oksienin s ¢ per gk it di ker reaktif oksijen t¢
bi - I fotdkempleksleri oksi tl eyip i1l levsiz h©le getire
tehdit olulturur.
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A Karotenoidler bu tehlikeli oksidatif s ¢ r e -1 er | bfacstk@tl rag/ fa& katké n
ortamlarda g¢venle yal amal arene sakl ar .

TEPE

A Bu nedenle karotenoid temelli fotokoruma, &1 €k a b ak ftotioflar y al ay an
Il -1 n beladaptdamabitaj dér
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Fikobiliproteinlerin Yapéese ve

Cel 1t er i

A Siyanobakteriler ve Kk ér meé z
adl anderel an ve b
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é al gfikdbilipmtein polaraks t | ar €,
u
I

organi zmal aréen temel el €
er i | -erir

Ve

ol ulturan mol ek

A Fikobiliproteinler , lineer tetrapirol y a p € s émidlaiknréoitnei ne bakl anme
h©l |l eridir ve organizmal ar ay elzigl¢ nr eknékrl neérzién i
kazander éer
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Fikobiliproteinlerin Yapéese ve
Cel 1t er

A Fikoeritrin 'y a k | a | & knd Sfi®o8iyanin ise620n méedéa gg¢ - | ¢
absorpsiyon yapan iki ana fikobiliproteindir
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Bektal

CH, HOOC  COOH CH; CH,

Allophycocyanin
(Absax 650 nm) \

Phycocyanin
(Abs,2x 620 nm)
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membrane

PSII reaction centers
(Absax 680 nm)
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Allofikosiyanin ve
Enerji Akt ar e m&onum k

Al - ¢ nfikgpiliprotein olan allofikosiyanin 'y a k1 a i & kno @ % Gbkorbe
eder.
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A Fikobiliproteinler , membrana b ak | anan b ¢y ¢ k fikollimoelare r ol an
h©linde organize olur veal dkg@¥satr &mi.lyrmiplétsiar
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Allofikosiyanin ve
Enerji Akt ar e m&onum k

A Fikobilizomlarda allofikosiyanin , fotosentetik membrana en yakén konumda
yer alarak enerji aktareéemendaki son basamak
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Microorganisms, 15. Ed.
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—I A Allofikosiyanin , kendi si nifikosiyaninr el, N H P H oy 8 B
Q velveya fikoeritrinden daha késa dal g ' [ , [ “ |
o uyar el mél enerjiyi alar ak Z i
= iletir iy SOHERy (ERMibR, GHy kW T
[ .
(== CH, HOOC  COOH CH; CH,
e ABu oenerji b a s @anokaijknika n ma s € ﬁ "
== fototroflardaki anten bakteriyoklorofil —sistemlerine  Aiophycocyanin - . : -
= benzer bi-imde &Il &k ener jAbmxt0m AbSyme. 620 1) O |
= o L ) f PRl |
p yonl endi rsialknheasri.n i i ‘ ®
L . . membrane T TS e n _;
on AB° y | fkabdizomlar , enerji transferini B sy o a4t NN — o
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S
TN AFotosentetk el ek reaksiyonl areéenda el ek-pozitdnl ar, gi
O red¢ksi yon potansiyeline sahip bilelenlerd
o zinciri boyunca ilerler.
e ,
(o= ABu el ektron akel e, ATP senimetarikuvvetiny® nl endi r
e ol ul maseéene sakl ar "
= | . . | -
.= ABuU s ¢ rfotosentetik reaksiyon merkezleriile fotosentetik membran
D yapeéelarée temeldl bilelenlerdir
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Fotosentetik Reaksiyon
Mer kezl eri nikn | ape
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Dr .

T A Reaksiyon merkezleri, fotosentetik membranlara g° m¢l ¢ - ok al t biri

2 ma k r o mo | kokpldksterdir ve klorofil veya bakteriyoklorofil —gibi

o kof akti®relrerr .

i ,

(o= AAnten pigmentleri ve elektron taleéma zincir
e bir klorofil i ftinin uyarel maséne ve V¢ Ks cllis
=== saklarl ar . -
 —

D AT¢m reaksiyon merkezleri, el ekknonaipi (1 € c € s € nisaee
— type)yadademirdok ¢ k ¢ r t FeS-tyge) ¢l mak ¢zere 1 ki séneéft o
(am) girer . o
A
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Mo r Bakteri | erde E
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TemelYapese

AMorbakterilerde el ektron a k épblipeptittdn, M ve H a
ol ul an pQ reaksiyon mer kezi nfitesengedkrzare k1 el |1 r
i -indeyséketai |l tir

-
o
>
D

o

e

m

X
O
o
p—
m

el
LU
o)
i
0
=
2
(=
@©
(@]
=
(]
(@)
=
2
=

A Bu polipeptitler , ©°zel -ift ol ar akbakiedyokiorofd éar €l an i ki
mol ek¢l ¢neg ve el ektr on a kbekitegyoktbafil gal°® r ev y ap a
mol ek¢l ¢ng bakl ar
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Mor Bakteri |l erde ER
& w g%

Temel Yap ese

.§
. A Reaksiyon me r k e z | a baktegiyofaofitin k a, iki kinon ve bir karotenoid

mol ek¢l gl éde

ABu mol ek¢ler deéegzenl eme, tédid&mamywvae i j| imeismi n - & |

gerekli temel mi.mar i yi ol ulturur

LU
o
L
—

Photosynthetic
membrane

—
=
(=
o
o0
(1]
—
[
s
ra)
A

Bektal

U,
S{eNie Sve eVt e e A0

Marianne Schiffer and James R. Narris

Bektas Tepe
gezimania_tr



| | 8 k & Sokeur ul mas &
f e | C
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¥zeall fUyar el mas e

AAnten si stemlerinin sokurduku &1 &k enerjisi, r
bakteriyoklorofii a mo |l e k ¢a kltearriénlee r
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AEnerji aktaréme °zel -if

] t i g¢-1 ¢ bir el ektr
EZ deker.i ol dukgela negati f hal

f )
Q
—
G mesTe
LLl
S o
> Light energy converts L
weak donor into -
: | P870" strong donor.
° Sy \ =
Excited P870 —
(P870*) is a strong ;
-0.5F electron donor. e
Q v==mw o
Ey @
-0.25F
v)
0.0 In ground state, pool
P870 is a poor
A electron donor. Cyt bey
Photosynthetic 2 H*
Cyclic electron flow membrane
generates proton ADP
motive force. In (cytoplasm) +P ATP
H+

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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¥zl fUyar el mase

ABudurum, elektronlareéen solunum zjncirine be
deker iynidkesngk cEe keak me i1 | esdlelmers. ni

| | Ekén Sokeur ul masé

=
Q
r—y
— ABuUu s ¢r e - fdtosentetik zar boyunca bir proton -motor kuvvet
G mesTe Ve
(o= ol ul turul ur
LLl
) o
> Light energy converts L
weak donor into -
: | P870" strong donor.
L e S —
o | - L ¥ s
Excited P870 -
(P870%*) i t
-0.5F electronisdao;or:ng e
Q v==mw )
m Ey @
-0.25F
v)
0.0 In ground state, pool
A P870 is a poor
electron donor. Cyt bey
Photosynthetic 2 H*
Cyclic electron flow membrane
t t
motive fores, I (cytoplasm) % |aTe
H+

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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P87001I n Uyear el mase
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K | Blektron Akt ar eml ar é

AUy ar €1l nandcaen P8 70 reaksiMZondenl;eer,rkiezyiankilnal'Eék + 0
|l ken, el ékla uyareéel dektdl®OVéanlrdé&n g@r daker ya
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el ektronl ar ©° n dakterryaklar&fis iay on mer ke z

AUy ar g1 ,
e n¢ 1 ndir gefemtogaaiyel®u -reeka knsdiey ogrer - ek | el
)

e
mol ek ¢
(Fige¢r a

Light energy converts
weak donor into

TEPE

-1.0r e strong d
g donor.
¢ | Psva]l\ _
y -0.75} (B -
Excited P870 ©
(P870%*) is a strong
-0.5F electron donor. e
E 9 m
0 -0.25F -
v)
0.0 In ground state, pool
P870 is a poor
electron donor. Cyt bcq
Photosynthetic 2 H*
Cyclic electron flow membrane
generates proton ADP
motive force. In (cytoplasm) +P ATP

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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Microorganisms, 15. Ed.

AAT d é nlhkteniyoklorofi a, el ekt r onl a bakteriyddepfitire aldiy ai md e
aktareéer ve bl mohindidgerd de

AKinonlardan sonra el ektronlar milisaniye °1-eki ng
Fe-S proteinlerive sitokromlar ¢ zer i nden reaksiyon .merkezin

f )
Q
—
G mesTe
LLl
S o
> Light energy converts LLl
weak donor into -
’ strong donor.
“@ N
| .
Excited P870 -
(P870%*) is a strong
-0.5F electron donor. Qa ] i
Q v==mw " X w
m 0 _0.25}F Qg -
v) ¥
Q
0.0F In ground state, pool e
A P870 is a poor -
electron donor. Cyt bey
+0.25F / i
g Cyte Photosynthetic 2 H*
g — 2 Cyclic electron flow membrane
+0.5L 1 )79 generates proton ADP
s o motive force. Ll +P; s

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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Si tokr oRd lag € n
Elektron D° ng ¢ s Jmagm ml an me

Ve

AFi1 g ¢ fotodentettk zar daki ger-ek el ektron akél éné v
anahtar proteinleri g°sterir

Brock Biology of

Microorganisms, 15. Ed.

A Sitokrom bc; ve sitokrom ¢, gibi proteinler, solunumdaki elektron t a | & ma
roll eriyle bgazkengfPrevl er

TEPE

Light energy converts
weak donor into
strong donor.

@®©
Excited P870 'ﬁl. -
(P870*) is a strong ;
-0.5f electron donor. Qa e
E.’/ ¥ ()]
0, . B Qg m
) 0.25 .
Q
0.0 In ground state, paal
P870 is a poor
electron donor. Cyt bey
+0.25F /
g Cyte Photosynthetic 2 H*
a7 — = Cyclic electron flow membrane
+0.5L 1 )79 generates proton ADP
Sy ) motive force. In (cytoplasm) +P, ATP
H+

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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Si tokr oRd lag € n
Elektron D° ng ¢ s Jmagm ml an me

A Periplazmik bir sitokrom olan sitokrom c,, bc; kompleksi ile reaksiyon
mer kezi araseénda el ektrapar. t al eyéce ol arak g

Brock Biology of

Microorganisms, 15. Ed.

A Sitokrom c,° z e | -1 fte elektronu geri verdi kinde
t emel durumuna d°ner ve yeni él ék enerji si

TEPE

Light energy converts
weak donor into

strong donor.
@®©
Excited P870 'ﬁl. -
(P870*) is a strong ;
-0.5f electron donor. Qa e
E.’/ ¥ ()]
0 _ 2 Qg m
) 0.25 .
Q
0.0 In ground state, paal
P870 is a poor
electron donor. Cyt bey
w0 ' Photosyntheti 2 H
e | otosynthetic
a7 — Cyte, Cyclic electron flow membrane
+05L )76 generates proton ADP
Sy ) motive force. In (cytoplasm) +P, ATP
H+

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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D° n g ¢Fetefdsforilasyon ve
ATP Sentezi

AATPsent ezi , el ektron a’kéi-ﬁﬂOt%@VVGtiﬂéﬁxfﬁFﬂiE o |
taraféendan kugéeérmanekimalsieyl a

Brock Biology of

Microorganisms, 15. Ed.
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fotéfosfgrdasyenl ol ar ak adl andér el er - ¢nkyg

ABU S ¢ -
bir d°ngederi -i nde hareket

r
kapal é

Light energy converts
weak donor into
strong donor.
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(P870%) is a strong — =
-0.5f electron donor. Qa e
E, c e
0 _ L Qg m
) 0.25 p
Q
0.0 In ground state, paal
P870 is a poor
electron donor. Cyt bey
+0.25F /
g Cyte Photosynthetic 2 H*
g — 2 Cyclic electron flow membrane
+0.5L 1 )79 generates proton ADP
s o motive force. Ll +P; s
H+

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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D° n g ¢Fetefdsforilasyon ve
ATP Sentezi

AD?®° n g ¢feteddsforilasyonda el ekt ronl ar t¢ketil mez veya d
el ektron al énmaz; sistem kendi | -1 nde sg¢r e
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ABu ©°zellik, solunumdan farkl e ol arak net bi
ol mamaséne sakl ar

Light energy converts
weak donor into

TEPE

| PaTo" strong donor.
@©
Excited P870 °
(P870%*) is a strong
-0.5F electron donor. e
E, 1)
0 -0.25F 0
v)
0.0 In ground state, pool
P870 is a poor
electron donor. Cyt bey
Photosynthetic 2 H*
Cyclic electron flow membrane
generates proton ADP
motive force. In (cytoplasm) A ATP
H+

Red or infrared light

(a) Electron flow in anoxygenic photosynthesis (b) Arrangement of protein complexes in the purple bacterium
reaction center
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Mor Bakteril erde K
G¢ececenegn (ONAUD HU) mu

A Fotosentetik b ¢y ¢ me i -1 n yalnézca ATP ¢retimi yet
COmni ndi rgenmes.| I -1 n NADH gi bi i ndi r genme
A Mor bakterilerde NADH genellikleH S gi b indirgenmil s¢lfgr
bileliklerinded sclkiltaneémdivii mdbaikirh ¢ cr e 1 -1 nd
. urple bacteria o Green sulfur bacteria I:’7?8.“!\Hnjlic:tbav::teria

—~~ Chl a-OH

-1.0 Chla N
| _ \. FeS

-0.75 FeS
s Ty \
. 2: Fd 2. FHd
E, (V) NADH 2
0 -0.25 ] : >
» Cyt ,MQ
0 Q/( eyt MO bey
Cy'tl Reverse ont bcy gyt v
electron o 553
+0.25 oyt - be o P840 “Cnss prgg «
4~ C2
+0.5 -
Light Light
Light
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Mo r Bakter | erade Kg
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V4 X g
S e
G¢Cce¢éngén QN AuDl HU) mu
& < < :
é
-— ABus¢re-te ekimhhanwokZana akt &inodun &pZ adneckaekr |
Q (A0 NAD GieEndi rgemek i-in yeterince negatif de
o=
= ABu nedenl e el ek tmotorrkliveet leun!| lpaméloamr ak ters y©°n
(o= zorl anmasé gerekir; bu enerji gerektiren m
S olarak bilinir. .
é Purple bacteria Green sulfur bacteria Heliobacteria lI-l—J
) N P??B*\
b e R~ Chl a—OH =
-1.0 Chl a \ -
P r— -0.75 \FeS F?S _:)
m 05 Y \ m
: 2: Fd oI Fd
Ef MV . NADH )
/ v Gyi| ,MQ
A 0 CNIQ/(Heverse bCz: ‘MQ gﬁ‘/bm
+0.25 oyt L ber slectron | = 4.-255:3/ prog €
+0.5 -fcz
Light Light
Light
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Ters Elektron Akél

Vd

Di kfeototroflar leKar | &1 al t

Brock Biology of

Microorganisms, 15. Ed.

. ATersel ektron akél & °zel |l i kl e mor bakteriler
ve bikemolitdtrof i -in de benzer mekanidzma e eénrel bir
ABuna kar | &l éakokdjemik dototlofldf e r NADH ¢r et mek i -in t
el ektron aké&léna ihtiya- duymazl ar.
ABu far k, reaksiyon merkezlerinde kull anéel a
-elitlilikten kaynakI|l anér.

A¥ z e | |FeSktibieeaksiyon merkezleri kullanan  fototroflarda el ekt r onl ar é€n
i ndi rgeme potansiyeli -ok daha negati ftir

L
o
L
-
@®©
—
=2
()
m

Dr .

> Bi Diinya Biyoloji

Bektas Tepe
gezimania_tr



S g
] [ ] [ SLIJ
D1 k &Agnpksijenik Fototroflarda
7 s 35
4 4 S 2
Elektron Ak el e
S
é
4—N A Filamentli anoksijenik fototroflar ve mor bakteriler Q -tipi reaksiyon
(= mer kezl er | kul |l anér k en , Acidoleatterib ves ¢ | f ¢r bakter
o Heliobacteria FeS-tipi reaksiyon merkezleri kul | aneéer
— Y
& mesmn . . . . . .
(o= A Bu fototroflarda reaksiyon merkezindeki bakteriyoklorofil veya klorofil
e t¢revlieri uyareldekenda elektronlar -ok da "
é u | a 'I ar Purple bacteria Green sulfur bacteria . Heliobacteria lI-l—J
a -1.25 Pg40* PT‘QB T~ =
o | —~~ Chla-OH -
-1.0 Chl a \ -
_ \l FeS B4
P r— -0.75 == \ o
m oo '-:\'Fd Fd =
Ey (V) NADH ks ri
-0.25 o
] o Cyt ,MQ
A 0 ,Q Xneverse bczt ‘MQ = ‘/bC1 "4
+0.25 oyt /Eg: — P840 4—-253’:3 prog e 2
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Light Light
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D1 K A&nobksijenl ototrotlarda
= 1 X g
Elektron Ak el e
.§
4—N ABunedenl e el ektron al éc &hontyeine, Egord dlakitier i | e
Q N A D H 0 tdaha negatif olan Fe-S proteinleridir
(o= _ _
= ABu f arkl e yape, Il ndi rgenme g¢cenegn ¢retilm
(o= y°n¢egne¢e belirl eyen temel faktorde¢r
S 5
L
é Purple bacteria Green sulfur bacteria Heliobacteria =
P?QB*\
b o PR~ k Chla-OH =
-1.0 Chl a \ -
_ \l FeS e
[ — -0.75 Fos . o
(aa) e Al \Fd o
0. 2.
Ef MV . NADH )
/ v Gyi| ,MQ
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PSI | Pk bhekt ron AK
Proton Motor Kuvvetin Ol ul u mu

AFeofitn adya aktar el an Mtokerkpleksioind iamde RISIQA ve QB
gi bi proteinler ¢zerinden taleéener

Brock Biology of

Microorganisms, 15. Ed.
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Brock Biology of
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ATP Sentezi ve Devirsel /Devirsel
Olmayan Fotofosforilasyon
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Oksijenli Fototroflarda Anoksijenik
FotosentezYet eneki

A Normalde P S | \Y;

Brock Biology of

Microorganisms, 15. Ed.
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Oksijenli Fototroflarda Anoksijenik
FotosentezYet eneki

A Pek - odiyanobakteri bu kol ul,8ar d
elektron vericisi olarak kullanabilirve  H,S
oksitl enetbindntalrkdiek ¢ rof d &l
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AYanda g ° st e Ogcillamma limnetica
anoksik t uz g° |4 &lrbksitidyerek
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fotosentez yapabilen bir siyanobakteridir .
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AMor bakterilmonsaglfver yled iedksyor mekezlern
PSI I,oweel i | s ¢ | f ¢heliolmladdilera r redkstyonimerkegleri ise
PSlyapesal ol arak benzemektedir.
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T AT¢enmmecr el erb,i ylogkesrtadl eud itruir mak i -in bir karbon
O kaynakeéena ihtiya- duyaleNwa &tamonsafkd rade&ki bCQ
o rezer vuarlludrtauréur .
i
(o= ACOveN h¢gcre materyaline katél madan °nce ki my
e zorundadeéer ve bu indir genfiksasyonyve®d- | eri s eéer a j
E\ fiksasyonu ol ar ak adl andér el ér . -
D ACO veN fiksasyonui - i n h¢gcre ATP ve i ndirgenmil g¢ -l
— ener ji girdi si sakl amak zorundadeéer <
;@ ABu s¢re-ler yalamén -ok er ken Bh®enaevel eri nde )
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é
A Ototrofi ,CO gi b i ener ji bakéméndan fakir ve oksi
kaynakenén indirgenerek h¢gcre materyaline d

7

AP e k mikrdorganizma ototrofolup f ot oot otvekod malriethot r of | ar e
b¢yeéek -okunl uku bu grupta yer al ér.
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A Fotoototroflarda CO fiksasyonunu s akl ayan asi mil asyon reaks
ol madan da ger-eklelebilen, fotosentezin el

reaksiyonl arédeéer . P
A Oksijenik fotosentezde CO ,Calvin d° ng¢ s¢ ar acéel ek-8yl a gli se E;
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CO Fiksasyonunda Alternatif Yollar

ACalvin d° n g ¢ s diks&@ypnunun bi yosf erde en yayg
- 0 &totrofik Bacteria ve Archaea CO §i asetil-CoAd ¢ zeyi ne ka
indirgeyen alternatifyollar gel i I t i rmi | tir.

AT¢m alternati f yol | &irhérc raobrgosentezimmeskeze , CO
metaboliti olan asetil-CoAd ¢ zeyi ne getirmektir.
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Calvin D° ng¢ s ¢ n¢én

¥zell 1 ki

ACalvin d°ng¢s¢ mor bakt e
siyanobakterilerde , al gl er de,
bit ki | e rkdneolitotorob k u
Bact erviea Obdaazceh a ebalindr.a

er

Ho—0—®

|
€0, + H—C—OH

AD°ngg¢ ,M0QCGO al écé mol ek Ribulose
NADPH, ATP ve iki ana enzim olan @ pephosphate
ribuloz bifosfat karboksilaz (RubisCO) ve
fosforibulokinaza i ht i ya- duye weoe

HO—(|)— H + ATP

A RubisCO, ribuloz bifosfat ve CO 6 d é&in  °""
adet 3-fosfogliserik asit (PGA) ©
ol ul umunu K&t agl¢girz lagr. -
(|.',=O

° fostoallenir ar dé ndan
-3-fosfata

APGA
indirgenerek gliseraldehit

+ ATP

HoC— O—P)

den¢l ¢r ve bugliRodzmn g
er k e n b a s a’ ma kl ar é n é nrc)ﬂibulose&phosphate
-evril ndsuilyalbae | i r
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Carboxylation of Cg

C=0 tw

T e me

H2(|3707'_P‘
HOOC—C—OH

compound to yield Hsz{)%'F": |
/0 C3 compounds H
HOOC —C—OH
— —_—— .I_ ______
Fl_ibuluse cl;: o ; (l:OOH
posido o H—GC—OH H0 H—C—OH
(RubisCQ} | — |
) H,C—0—P) H.C—0—P
0, . .
(_ Unstable intermediate Two phosphoglyceric acid (PGA)
n
¥ Oxygenation—an
alternative activity
of RubisCO
H,C—0—(P) NADPH chlzfoﬂ B
—— HO—C—H + ADP HO—(l.I—H + (P + NADP*
Reversing (P—0—C=0 HC=0
steps of
glycolysis 1,3-Bisphosphoglyceric acid Production of  Glyceraldehyde 3-phosphate
— key glycolytic
intermediate
H2(|)—O—- P To biosynthesis
=
H—C—OH +  ADP
Phosphoribulekinase H—C—OH Cycle repeats
. starting with (a)
H,C—O0—P)

Regeneration
of CO, acceptor
Ribulose bisphosphate
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n »
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— A Calvin d © S ¢ N kebind€O jipwiin oyl
Q@ = aVIn n g ' S ' n ' t @ e I N . 6 CO, glycerate s—
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> 1,5-bisphosphate (36 carbons)
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on ARU b i s C GO d@infikse etmesi i - i nbuld (30 garbons) — NALPIH
. . weaucin
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Calvin D° ng ¢ s ¢ n ¢ Malilyeti e r

. A Bir glikozun6 CO 0 d santezlenmesi toplamda 12 NADPH ve 18 ATP
gerektirir.
ABu vy ¢ksek ener jCalvingde®r negk¢ss pybgamteza - e séndan
yokun enerj i harcayan bir vyol ol dukunu g°st
AD® nge¢ne¢én  en e ntptiofikichatnilyéalcaér,da g ¢ -verigisilve r el e k't u
s¢r ekl ATP ¢retim mekani zmal ar.énén bul unma Y
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Karboksizomlar ve
RubisCOVer i mli 1|1 ki

APek- oRalvin d° ng¢s¢ ototrofu
nm-apenda ve i nce bir pi
polihedral karboksizomlar ¢ r et i r ve b
Ru b i s C kidstalbanzeri bir diziliminden

ol ul ur .

A Karboksizomlarda bul unan yakl al «

Jessup M. Shively

RubisCOmol ek ¢l @ny LKOsek der
tutul maséyla daha verim. ™
AH¢creye al énan i norgani k karbon °nce HCO

| e k| i n dladaoksizom e - idnief glape
burada karbonik anhidraz t ar af €00 g e
done¢gl terel ¢r .

AProtein kamukd aC@ -éeékmaseéne
engellerkenO iner i | I mi ni k & ay
Rubi sCA®mweel an °zgg¢l | ¢
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Bitkilerde RubisCO ve Verim Sorunu g
o A Bitkiler karboksizomlara sahip oo (G w0 ® =

compound to yield Hsz{)%'F": |

de ki | dRubrsCQy, kloroplast o o oo bon "
stromagyekdal al mel H—C—on e ¢=o 7 GooH

H—C—OH H—C—OH
carboxylase H,O
H,L— 0B {RubisCO) | - 2 |

= H.C—0—P) H,C—0—(P)

A Stroma O 6 kea r I, é k or u Ribulose P Unstable intermediate Two phosphoglyceric acid (PGA)
] y bisphosphate =

(D¢

o o ¥ Oxygenation—an
@ alternative activity LLJ
sakl amadékendan vy cternative activit o_
. - T 7 .

cretimi kolull ar € woe g —0—@ Hig—0-® -

. . . . . HO—C—H + ATP [ HO—C—H + ADP HO—C—H + (F) + NADP*
% fiksasyon ver i ml i | i ki [ e @®-obo o 5
» Phosphoglyceric acid ‘slt‘(—:pis |t.3-;5 1,3-Bisphosphoglyceric acid Production of ~ Glyceraldehyde 3-phosphate @©
. . (b — ke'-,'gly‘::cf:!yt\:: -
A Bunun nedeni, Rubi s CQ® n .
. . . . . H2C|2—0H H2(|)—O—- (] To biosynthesis 1)
ile de reaksiyona girebilmesi ve ¢=o t=o o

|
H—C—OH H—C—OH

~ = - - . - —

O m I n C O I I e e n Z I m 6 £ H— (l:_ OH - ATP Phosphoribulckinase H— (l;_ OH N AOP Cycle repeats
v 1 . W N | —o0-® H (I:_ o—® starting with (a)

y a r e I m aFSI egd(,pr r a( H:C - Regeneration 2 =

of CO, acceptor
Ribulose 5-phosphate Ribulose bisphosphate
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—I A CO fiksasyonu i - i n fototgofik - — evmjcm;g—-—- Copverson e
o organizmalar Calvin d° ng¢ s ¢ n Mol o arp
o kull anmaz ve bazé ' i{'}“te Reverse stz ::':
,Z bakter il erChlorgbfum hterk | —~ iy
o0 sitrik asitkkuddmp@Es, " e g
m . . . 2 “_Ke‘wDPH /f’itrate - ATP Net reaction: i
= ATers sitrik asit df o " e =
,= d°nge¢seéeneégn basamak| o
0: o) v | A~ - o m—gmscm(czj —
y°nde -aléel@amaseyl a 1. & ©
i ndi r genme s(iFniig)¢sra ka PooH — — ST ~
Q@ vo=mn ’ 2 NADPH ATP éHo (0]
m ] ] ] o Malk ot (G @ Glvoxviate (C) M
A Buyol,6 CO 0 d dinglikoz sentezi vo-s-on,—-~coon |
. . - ypropiony-C Succinyl-CoA
A i -in yalnézca 4 NAI N\ 7

ferredoksin ve 10 ATP gerektirerek e LS X oom s
Cavind®°ng¢s¢ne gore %’m s Wil Cot T AT G0, 40

(b} Hydroxypropionate pathway

verimlidir
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Ters Sitrat D° n g ¢ s Emzignatik
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¥zgenl ¢kl er

é

AD°ng¢nohku basamake g — Olcorstetyte 37 —s — [0

: d°nng¢ndeki enzi ml / moHalCArp
~al &l maséyla ye¢oregt, —
basamakl ar °zel en: .. oo Kare
d u ya I AT{-SE}WI-CGA Femedoxinreg + COz

oy Femedoxineg ; Acetyl-CoA (C;) "

A a-Ketoglutarat sentazvepi r ¢ v at -~ ey 3

sentaz, i ndi rfegrednm“imd(én r&,m:\&"“/ : e =

elektron kullanarak CO  @®in s ér a s 9
S ¢ k s-CoAive asetil-CoA ¢ zer i r m_%_ﬁmsm;‘i;ic&i}@
bakl anmasé&néFikad.ral g ’\/é\m“"’ \ oo — L
2 NADPH i b Glyoxylte C;
AAyr éca sitrik asitrat wueo lca w};m:
sentaz bu yolda yerini ATP -b a k & m| ‘"’d’“"”“"""”‘i“’ SucinhCoh
sitrat liyaza b e r a k eésr¢kkesni,na "7 /
dehidrogenaz yerine fumarat {p'°'°'°"‘*c°“"%" Ooc'éf'?ﬁiﬁmm —

r e d é kgto ar Ze V a. I é r ( F i 1) Hydroxypropionate pathway 2 CO, +4H+3ATP —= C,H,05 + H,0
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Ters Sitrat D° ng¢ s ymaymel| e
é
T ATerssi tri k asit d¢Y%otowmgofksgr yaninZ2malaar da deki | |
O kemolitorotrof Archaeat ¢ r | e rThemb@oteus, Sulfolobus) ve Aquifex
o gibi Ba c t e rda hutudua
i
(o= AAyY r é c amebofilik 8 ¢ | kegolitorotrof Bacteriat ¢ r |l eri , ©°zel l ikl e
&S Sulfurimonas , bu yolu kull aneér. "
= | | | -
.= ABu dakeéelém, ters sitrik asit dP°nge¢senegn vy
D ©z9g¢ 0l matatrefik eanm &k r oor gani zmal ar arasénda da C
— evrimsel yayeleéem g°sterdikini ortaya koya <
(aa m
A
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CO Fiksasyonunda Alternati
X
Yol | che G €S| d
O al e e e S | "
o
o
Q
=
i ACavind® ng¢se¢ ve ters )iommm oty 8 —s e (1
' d°ng¢sé¢ne ek ol arak moHalCArp
e CO fiksasyony ol unun daha e o i/
bl I i n I r FADH w of glycolysis ATP
> . Succinate Pyruvate (Cg)
& mesmn .
(='a) A Chloroflexus gibi f i | a mamoksfeaik ™ Fue. ]
Qo] fototrof organizmalarH veyaH S O | T o e AT e - Y
— elektron vericisi olarak kullanarak cof lociate 2C0: 12+ SATP T GO0 + 91O -
o ototrof be¢gye¢gme gost T :
< cO,
L = ] ) 'T? m—ﬁ’"%cﬂ (C3) r_\:S
A Bu organizmada Calvin d°®° ng ¢ s ¢ HoOB-CH-C~sCoh pgp TR o -
0 sitrik asit d°ng¢seé | fm \ o v
(aa) fiksasyonu , 3-hidroksipropiyonat ; Mok con g & @
bisikus y ol uyl a ger - ekl eqEss e
A s ¢r edlikoksilat ara ¢réeneg N /
k i do . d I | HGC_{FEE‘EE.%;C%CAJQA K% Hooc—c::—tlz'mscm _
A B u I I n g & en O u iATP CH;  (Methyimalonyl-CoA) g'gc;:ﬁlmsnw—»cgmoamgo
ol arak ¢-hkarb@&BI P uucommsers
| | @aFége¢ecr b))
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3-Hidroksipropiyonat Bisiklus
=G
n [ L o c
D°ng¢s &megenk ¥ zel | 1 Kk |
¢ d
é
o — ABud®ng¢de i ki bi kar AR aww?»:vt"—‘—’ celmatera
O glikoksilata d° n¢l t ¢r ¢ ¢ Mo Jwonarp
o i-¢nce¢g bikarbonat 1 ST o, o
= olarak p i r ¢elda edilir (Fi g ¢).r g e
m ATP Succinyl-CoA . 0%IMrad COg
: coy o, i Acetyl-CoA (C,)
S APIT r¢dd@mta sonra hecr o SO AT S o
s biyosentetk r eaksi yonl ar e " LA L -
g yenlendirilebilen | co, g _
p ge°revi go°rg¢r . m_m_ﬁmsmﬂi;i‘a‘;}@ ©
: ATP \ (oae ] [p— Conversion to ;
pr— . . (EHO | material
on A 3-hidroksipropiyonat bisiklus o AP o = Gt ) o
d°nge¢se ters sitrilosonls e
. . Succim
A daha az verimli -al N\ 7
i G KW Hooc—z—tcl:l)»-scm
AB u y I , é { n h ( im_p CHo - (Methyimalony oA g'gc;fﬁimsnw—»cgugoamgo

I | e
ATP g e |vtgpmesee,
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3-Hidroksipropiyonat Yolunun
S
T ABud ° n €hjoroflexus6 tbaul unur ve bu organizmanén Dg¢n
O fototroflardan bi r i ol¢egd wknw | mekt edi r .
Q
= A Bu nedenle hidroksipropiyonat yolunun, anoksijenik fototroflarda ototrof
(o= b¢e¢yeéemenin en erken mekani zmhd lagremnldmek tha diir .o
‘;, A Chloroflexus 6 ak olarak Metallosphaera , Acidianus ve Sulfolobus gibi u
g hipertermofilik Archaeat ¢r |l eri nde de bu yol bul unur . :
ABu t ¢ rfilogenetknak acén en erken dallarénda yer a ;
E‘ evri msel k°okl ere sahip .ol abil ecekini de¢el ¢ nd o
A

@)
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mekani zmal ar sakl ar

Ar c haea kcea FiKsasyon
Yol | ar e
é
T A 3-hidroksipropiyonat/4 -hi d r o k s idlP ¢ntgi¢rsdikarboksiat /4-
O hi droksi bg¢tiAracdh adeaidgdgas € n  dfikshsgan y©OO | ar ed ér .
o=
=D ABu d°ng¢l erde bi karbbarbdatriwe/ weakd eCO ki ayr e
(o= asetil-Co Addy?an ¢ | t ¢r ¢ ¢r .
‘;, AD°ng¢l ere adéneé ver en -hadroksiprgpiygnatlde-r ar as énda u
g hi dr ok s i b ¢, dkarbaksilik vasitleoulunur. :
ABu y ol | aotgtrofik eichia¢altic, r | er i n dfiesadyamu boinn ©° neml i E
(a2 @
A

@)
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Red¢ KAsetl fCOAAYo |l unun
A4 u - §'§
Cek&nmnel |l 1 k|l er |
é
. ACO fiksasyony ol | ar e né n s areurndasesl tkoenzimafnyolu,
zorunlu anaeroblarda bulunur.
A Metanojenik Archaea, - edsdtojehlar ve anammox reaksiyonunu
ger - e k| RBlanttdmycest ¢ r | er i bu yolu kull aneéer.

ABuyol,6CO mol ek ¢l ¢n¢g sabi t | e &8AKP gerektirmesiy al né z c a
nedeni yl efikkagyon \CdDl | ar € arasénda en verimlisi
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Azot Fiksasyonunun Temel
Gereksinimi
é
- AH¢ cr eplreort ei nl er, n¢klei k asitler ve diker o
sentezlemek 1 -in °nemli.@ mi ktarda azota i hti

A ¢ o kroikroorganizma azotu ortamda bulunan amonyak veya nitrat gibi
dikseedi | mzb® for mlaréndan al er .

AAncak bir - okArcBag«k atreosferik azetu(N ) amonyaka
I ndi rgeme yeteneki ne s #ksasyortuiolarakv e bu s ¢re- @
adl andeér el ér .
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ABu yetenekfkseezdeillImikil eazotun sénérl & ol duku
b¢yeéek bir ekoloj.i k avant aj sakl ar
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Azot Fiksasyonunun Ekolojik ve
A4 n §.§
Tar e msnael mi
é
. A Azot fiksasyonut ar émdaki temel bitkilerin azot i ht
a-ésendan b¢yeéek °nem taler.
A Azot fikse edebilenor gani zmal ar araséenda bakemseéz yal
gibi bitkilerle simbiyotik 1 | 1 | ki kuranl ar da vardeér.
A Ancak simbiyotik i | i | ki d&ifikse ddenoNgani zma bit ki deki |

bakteri di°rk;ar Midiksb edemez.
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Nltrogenaz ‘Enzim Kompleksinin
AA . . v . Homocitrate =
T zot fiksasyonu nitrogenaz ade veril e | ' —
= proteinli bir enzim kom e
o katalizlenir . S o
Sl kompleks d d o W CX
o0 ompleks dinitrogenaz ve dinitrogenaz >< 3 o8 W
CU re d C’ k t @2 dja wr, h er I k I pPro'(ein— -FZ Fe C/Fe>< SMo{O--""l/i-'I H i
= | - dimit | i bd -
.= | - er dimitrogepaz ayr éca mol i \ ></\§9 -
D A Bu elementler, dinitrogenaz ¢ zer i nde vy \Fef\ &9~ Protein H/, a e
— ve FeMo-coo | ar ak adlanderélz s A—gf <
on molibden k of akt °lri¢grn ¢mar - as éd \ &
C
A AFeMo-c 0 6 hbunn e MoFmBth o mosi tr ¢ " o -
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Alternatif Nitrogenazlar ve
Oksiljenin Etkisi
.§
TN A Molybdenum ek si kl i ki nde bazé
O vanadyum+demir i - eren veya yaln
g | - er en 0 anitrogenmaziaa tsentezber.
E A Azot fiksasyonu o k si j en t iahiba £ddin d a
S - ¢ n kligitrogenaz r e d ¢ kotkaszi j en var "
E\ ger i d° ng¢l ¢ migkidve lur- i md e -
D ABuna r ak me n fikeeaerié bakteritert g =
zorunlu aerobdurve oksijeni hézl : <
e veya mukus tabakahiardogé¢r? o
korurlar.
A

@)

A Heterosist o | u | t siyarmbakterilerde
nitrogenaz, oksi jen ¢retiminirt
heterosist h g cr el erine tal Bingg.e

Bektas Tepe
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N oin AzotazTar af endan
%5
| | 4 | ] | | | ] [ [ ] | ] EE
m ©
=
e
é
— AN mol ek¢l ¢ndeki ¢-1¢ baken 4 Pyruvate X 4‘:yty'f:“t°° e
= azotun indirgenmesini o0l d Eecuons 26 g glectroncio
—— . . . or ——— :
o S (J r e - h a I I N e g eti rir. nitrogenase 4 Flavodoxin 4 Flavodoxin
— Y I (%) (Red)
® S—— 1 . . lavodoxin reduces
o0 AAzotazdager - ekl el en i ndirgent Zigitrﬁgenase
m b 0 y unca Ser b €S t ar a (J r C’ n l [ 4 Dinitrogenase 4Dinitroger-1ase m i
E\ enzi min Jlerlerr i nde "o reductase -
@ ~ - . - - . . . . 16 ATP Electrons transferred to _
s =3 AN®Niki NHOoendirgenmes.i I -1 n ) gnirogenaseonesta <
el ektron gerekse de, o3 durleyNtognase ey consumed per electron. Z
Q oo . . . . -_— —
m n e d e n | y | e k a y b e d | I d | L( I n d e Dinitli%ge)mase Dinit{rggg}nase I cqé
teketi Lir. —
A . c . . 2 NH N
A Azot fiksasyonunda H ol ul umu bi |l i nm " ’ ?
nedenlerle zorunludur ve o Hy i
turunda ger - ekl el 1 r . Sum: N=N—t HN=NH s HoN— NHp =2t 2 NH,
(16 AT P s 16 ADP + 16 P))
(b)
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Azotazda E |
N @in A |

améahd

AH sal énéménén arrdé&inéka nb aNs a

i ndi rgeni
-ekar

AEl ektron
r ed ¢ k,tomda
dokru il

A Ferredoksin ya da flavodoksin g i b i
potansiyellidemir ok ¢ k ¢ rt p
dinitrogenaz r ed ¢ kb kzar €

ABuU
de¢zenl i
sakl ar

akél &

Ve S ¢éerrei-n sool naurne

edingrégénazo n v

@& dinitrogenaza ve son olarak N 0 y

er

b i

r

er

del ¢k
roteinl e
r

al amal & fiks&syohununakzoontt r ol |

I ndi rgenme di
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4 Pyruvate ~ CoA

Electrons 2 e (x4)

ektrowe Akél
rgenmes

4 Acetyl-CoA + 4 CO,

Pyruvate donates
electrons to

for flavodoxin.
nitrogenase 4 Flavodoxin 4 Flavodoxin
(Ox) (Red)
Flavodoxin reduces
dinitrogenase
reductase.
_ r —
4 Dinitrogenase 4 Dinitrogenase
reductase reductase
(Red) (Ox)

16 ATPD
Nitrogenase - 16 ADP

activity +16 P

Dinitrogenase

2 NH;

@

/HQ
4 H

Electrons transferred to
dinitrogenase one at a
time. 2 ATP are
consumed per electron.

A

©x)  w o

o~

Dinitrogenase
(Red)

N2

2H 2H
Sum: N=N=—— HN=NH =+ H,N— NHy === 2 NH3
(16 ATP msmsp- 16 ADP + 16 P})

(®)
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Azot Fiksasyonunun Enerji Maliyet
.§
¢ A Azot fiksasyonu el ekt ronl arén yan:i | APyate | CoA 4‘:yty'f:“1°°
gerektirir ve ATP dinitrogenaz r ed ¢ k't az a Electrons - 2o (e  Slectronsto
bakl anarak proteinin indi. niogenase + P rmodoxn ||

d C I Cl r Cl r. Flavodoxin reduces

dinitrogenase
reductase.

—
2
(o=
@ mesTue
(-
o e e _ .
&S AAT PO ADR Olydeolizi, dinitrogenaz r e d ¢ k't & - aDintrogenase 4 Dinfrogenass o
E\ di ni tr ognedniarzgée me si ni m¢ mk ¢ "o e -
2 o 16 ATP El_e;tronstransferredto .
D A Elektronlar dinitrogenaz r ed ¢ kt az dan ) arogee one st e .
dinitrogenaza bi rer birer akt ar @ |Ntogenase] 6P, consumed per slectron <
@ v . . . . v — o~ ()
m | n d | I g e n me d o n g 6 S (J | k | A T Dinitli%ge)mase Dinit{rggg}nase m
A AN @in ki NH 0 mdirgenmesi toplamda 16 ATP o
gerektirir. " ? ?
~ H
Sum: NENﬂ-HN=NHiH2N—NH2ﬂ>2 NH3
(16 AT P s 16 ADP + 16 P))
(b)
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Azotaz Aktivitesinin ¥ 1 - ¢ | me s I
& :
é
 — AAzotaz, Ndoyeek ol arak asetilen (HCBCH) gibi dike
Q i ndirger ve bu indirgenme yalnézca iki el ek
=D A Asetilenin etilene (H C=CH ) indirgenmesi, azotaza kt i vi t esini °1 - mek
(o= hezl &€, duyarl e veagtari k bir y°ntem
L
S, '
: Atmosphere, 10% C,H, in air (aerobes) or =
Z, = 10% C,H, in N, or argon (anaerobes) Chart recorder for —
o — gas chromatograph o
- o H v
® s ( HCCH—\+HQC—CH2) ’ C.H o
m Acetylene | Ethylene CoHe 2 C,H, CoH, @
CH) | (CH) — .
. Nitrogenase
‘ 9 Incubation Sample headspace Time O 1h 2h
- periodically and inject

into gas chromatograph.
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Stoppered vial containing
cell suspension
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Aseti Il en kKn@ir genmg:s
35
[ ] [ ] [ ] [ ] n E=
Azotaz Aktivitesinin ¥ 1 - ¢ | me s I
& :
é
4—N ABuy°nteaegretil en redglkarnglonadlesndér el ér ve mi
Q azot fiksasyonunun t espi ti i -in yaygén bi-imde Kkull a
=D AAsetilenin i ndi rgenmesi g¢-1¢ bir kanét Bunsa da,
(o= i zotopunun kull anél maseée gerekir
S a
= -
: Atmosphere, 10% C,H, in air (aerobes) or =
Z, 10% C,H, in N, or argon (anaerobes) Chart recorder for
o = — gas chromatograph \,_5
- o H v
i S HC=CH-;>H,C=CH, J o
m (Acetylene Ethylene ) CoHe e C,H, CoH, @
CH) | (CH) — .
. Nitrogenase
‘ 9 Incubation Sample headspace Time O 1h 2h
- periodically and inject

Stoppered vial containing into gas chromatograph.

cell suspension
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nm S c
ve Ekolojik Uygulamalar
S
é
— ABirk¢l t¢r ya da Ndiokel z &magieikn l¢ delidel d idli ikp nde
Q ol ul BH ajotfiksasyonunun kesin kanéteéedeéer .
= ABuna rakmen asetilen indirgenmesi, heéz v
(o= olduku i -in | aboratuvar ve ekolojik -al e
L
=\ T
= Atmosphere, 10% C,H, in air (aerobes) or =
2 10% C,H, in N, or argon (anaerobes) Chart recorder for
L = = gas chromatograph \(_5
= 2H ;
i S HC=CH-;>H,C=CH, J o
m (Acetylene Ethylene ) CzH, CaHe C,H, CzH, e
(C2H2} (CEHd) 02H4
e Nitrogenase “ { \
A i 2 = [ 2 )
|1® y Incubation Sample headspace Time 0 1h 2h
— periodically and inject

Stoppered vial containing into gas chromatograph.

cell suspension
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ve Ekolojik Uygulamalar

AToprak, su ya da

k ¢ |

ABu yakl al &m dokal
ol anaké

dokrudan ©°1 - me.

Atmosphere, 10% C,H, in air (aerobes) or
10% C,H, in N, or argon (anaerobes)

Kanét | Rkeasydnu

t ¢r I rkpabdel leenelasettiill em| @l
gaz kromatografisiyle sapt aner

fiksceeadamhabakhkdaratet

sunartr

Chart recorder for
gas chromatograph

C,H, CoH,

s
! 2H
HC=CH->H,C=CH, c HJ CH
Acetylene Ethylene 272 2r2
(CzHy) (CoH,) —
S Nitrogenase
- y Incubation Sample headspace Time 0 1h
— periodically and inject
Stoppered vial containing into gas chromatograph.
cell suspension
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temel bioenerjetik ilkeleri g° z dgeen- i r mek gerekmektedir.

El ektron Vericilisine
Sol unum Tgrlreflbine
é
T ASolunum, el ektronlarén bir elektron vericiden
O aktarél maséyla enerji ¢retiminin saklandéékeEé
Q
= AMi kroorganizmal ar, kullandeklare elektron v
(o= b¢e¢yek -elitlili k gesteren solunum bi-imler.i
‘;, ABazé mi kroorgani zmal ar prgkanmbrgranolrdflikcml'ikleri "
.= bazel arée i nor gani k kelmolitoteof plkplkabonu AOWIdleaan a n -
‘=3 elde eder. e
E‘ ABu solunum -eflitlilikini anlamak i-in t¢m s E;
A

@)
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So
E |

. ATé¢nmol unum bi-imlerinde del ¢k potansiyell.i
el ektronl ar y¢ksek potansivyell.i el ektron al
AEl ektr on tal'émaitokzo'mlarc,kirnomlaerveiederdirec’ﬁkg,lgg,rt
proteinleri yer alér ve bu bil eklwetel er el ekt
don¢l teéer ¢ér.

TEPE

AOl ul an gradpdmMsfent aad i maséné destekleyerek
sentezine imkan verir.
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ry solunumun h¢gcresel ener ji cret
.taya koyar
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Proton reduction;

S g
- - -0.42 C Pyrococcus furiosus, ? tIOJ
Redoks Potansiyeli ve e
obligate anasrobes Q 0
- - - CH:g? Sulzarr_espimﬁon; Ceﬂ §
olunumun enerjet emeill - . EEEE- :
-0.25 . o
Kottty s =
. . C CO, obligate anasrobes
T ABrmaddenin elektron verme veya - he Sulfse respirtion
. . . . Z . w v {sulfate raduction);
Q indirgenme potansiyeli(E Z2) il e tanémlanér » | CSD I
o redoks yareé reaksiyonunun el l eleg,] S o
) > [\.{'}] 0 | C —_— facultative asrobes |
(o= ADaha el ektronegat i foksdasyon olrakr € r C’“"“* e o &
= - - . . S0 igate anaaro £
&S llerlerken, daha elektropozitif ol ané 1 ndirgenme - e Tomaamnocxids =
> . o . L o o . CTMAD‘DMSO mg'tw?gembes % :J_J
— AKki yare reaksi yYyohamnkaseaeadhadaltE CFeﬂ* ronrospiration: e |
@ - . . . V - +0.2 anaero —
=3 -€&€kan enerji mikaar&dé&@m. o kadar = s
o | (T .
© mumm . . IC-_I'O nzodte
e ABu prensip say§3|nde_b|r-ok org . C~o= —— ]
vericisi farkle terminal el ektr rdcs NO;” o N
- - ~ » - . . SQD‘;Q_ . -
2 solunum bi-iml&éil mair. m¢ mk ¢ n +045 Cm Solnatsrosprion,
y My o
C b Manganesea respiration;
Mt facultative aerobes ]
H.O Aelfuhic respiration;
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- - H Proton reduction; ] giﬁ
—0.42l C Pyrococcus furiosts, o
eronik ve ANnaeronl ) S, S b
o o Cm? e g3
HE" Sulfur respiration; m ©
SolunumunOrtaya ¢ e k € ~ ¢ ==
C— ASolunumhem oksijenli hem de oksi | -z - e —
=) ger-ekleiebilir ve anaerobik so | (. &% |
o el ektron alecelare kullaneéel eér E CSM Fumartorsprasr;
[ v . v :: 50, ate iration: 1
o0 A Fermentasyon d el s al bir el ektron al éec C’“’“ et R
e ATPO I eubstrat id ¢ z e y fosfadilasyonla ¢ r et i r k e n s s Tomaamnocxids "
E\ solunum iyon-motor kuvvetten y ar ar | anar ak ATP CWM Povosoches b -
Fgt Iron respiration; facultative |
“ . .. . . . +0. gﬁ;ﬁsandohliga‘[a -
D AY anda ki yeteringe;etektronegatif bir elektron vericisi ile " Ce;m - @
. elleltirildikinde hemen her yar = Ccmmm?éﬂi‘e”iniiﬁiii“” <
e o o i . . o e i - n
on ol arak il lev g°rebilecekini g°s_, C e @
. e . . . Sa04*
A A Ay nekektron vericisi O,y er i ne al ternatif Dbs Cm Sclont reepietion
oksi tl enmesi d u r u nenenjiddaa haa- édigdar. ¢-ké L —w N
+0.75 C N, fa?:'l]rtativa asnrgbas
C b Mmgm respiration;
Mt facultative aerobes ]
wo| (o e

1 facultative asrobes
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AOksijen -ok i1yi bir elektron aleécéseée ol maseé€e
e i

|
I -in hezla te¢gketilir veanoksikk haabnumt@edmkada pek
kor unmaosléannaa k. t anéer

Oksijenin Enerji Korunumundaki
. v S 2
Avant aj e
é
TN AO,H,O- i f t i plekmopozif - i ft ol masé, aerobi k sol unu
O solunuma kéeyasla daha fazla enerji el de edi
.g ABu nedenl e, ayné elektron vericisini kKul I an
(o= zaman daha fazla enerji koruyabilir ve bu d
S organizmal ara g°re rekabet .St enl ¢ke¢e kazan 3
> L
— ABu avant aPOksidaByory Qlka y e dtibalea aerobik solunumun -
D Dinyadda baskénahakeé agnakmasiéni
E :
A

Dr .
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Organit
Olan kK | 1 |

Z ma |
K1 S|

ABrorgani zmanén oksijenle il ilKki o=
al écél arene kullanma bi-i1imlerin
EO‘O
AFak ¢ | aemoblarfoksienk eset |l andekenda al wm |
al écél aréna ge-ebilir ve oksije |
hemen oksijene geri d°ner. <015
A Bu organizmalar,O ,/JH,O - i ftine yaken indiu2
sahip inorganik ya da %ikeyafngk b~
metalleri kullanabilir. +0.3
ADaha el ektronegat |f el ektron al
oksijen tiahbatdndae enzimlere s aos
tipik olarak zorunluanaeroblk bir yalam | L

ar é =
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Succinata

Fumarata

=
s
e

=
in
=

:rs

TMAQDMSO

il
LY
*

g4

anzoate + HCI

CI]I-::-robanz-::ate

=
(]
[

NO5

£

:

ﬂﬂﬂﬂﬂﬂﬂﬂgﬂﬂ (YY)

Proton reduction;
Pyrococcus furiosus,
obligate anasrobe

Carbonate respiration;
acetogenic bactaria,
obligate anasrobes

Sulfur respiration;
facultative asrobes and
obligate anasrobes

Carbonate respiration;
methanogenic Archasa;
obligate anasrobes

Sulfate respiration
{sulfate raduction);

obligate anasrobes

(30, —>-50.% . E, 0.52)

Fumarate respiration;
facultative aerobes

Arsenate respiration;
facultative asrobes and
obligate anasrobes

Trimathylamine oxide’
dimathyl sulfoxide
raspiration;

facultative asrobes

Iron respiration; facultative

asrobss and obligate
anasrobes

Reductive dechlorination;
facultative asrobes and
obligate anasrobas

Mitrata respiration;
facultative asrobes (somsa
reduca MO4 to MH,®)

Solenate respiration;
facultative asrobes

Denitrification;
facultative asrobes

Manganesea respiration;
facultative aerobes

Aerobic respiration;
obligata and
facultative asrobes
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AAnoksik b° |l gel er deki ki myasal -elitlilik, bu
s¢rder el mesine ol anak verir

El ektronegati f EI
S
TN AS ¢ | (S®fl ), elemental k ¢ k ¢ r Xve KarBon dioksit (CO ) gibi
O elektronegatif elektron alecelareyla sol
g varl ekénda il l evsiz kalan enzimlere sahi
E ABu nedenle bu organizmal ar anaerobi k kol
&S oksijenli ortamlarda b¢yeéyemez. o
== -
.= ABu t¢r el ektron al ecel aanegsikkma kiutl d talna@rmen
D s¢reklili kiyle yakéndan il il kil idir.
)
A

Dr .

Bektas Tepe
gezimania_tr



=)
(=)
i
(==
(1" ]
—
(o
|
2
A

Asimilatif ve Disimilatif
Red¢ ks i1 Vemallerin

A Biyosentetik s ¢ 1 e - | e,rfikbasyofQgibi reaksiyonlar hem ATP hem de
I ndi rgenmil g¢- gerektirir ve h¢gcrede |
formundadeéer .

AB a zeérunlu anaeroblar e k ol ar ak ife"rrddoksigeeinhTtiiI'ya; duyar
bu maddeler NO ; ,SO,l veCO,gi bi 1 norgani k bilelikleri
I -1 n indirger.

ABu bi | édijosentetitama-1a indirgendi kil
ve s aganmdatif r ed¢ ksoilyaoonrak adl andeéer el

AAsimilatif s ¢re-1 er, anaerobi k sol u
i ndi rgemel erden t.amamen f ar kil

mda ener i
k r

u
de

D¢ S
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Asimilatif ve Disimilatif

- [ A~ v _ 1 1

Met abol I zZKnaall aerlean t eg@

é
. AAsimilatif met abol i zmada ener || h ar wyaserdetik ve sadec
i hti yacéné karl el ayacak kadar bileli k i ndir
AAsi mi |l asyon sonunda indirgenmil' créenl er hyec

makr omol elbdlIrl @oprairn aséeé haline gelir.
A Disimilatif met abol i zmada enerji korunur, elektro w
mi ktarl arda indirgenir ve ¢reéen ke¢g-¢k mol eky -

Atoku mikr oor g aasimiathandirgenelertydpabilirken,
disimilatif i ndi r gemel er yalnézca anaerobi k sol un
©zg¢der
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Hidrojen Oksidasyonu ve
Kemolitotrof Bakteriler

A Kemolitotrof mikroorganizmalar enerji korunumunu inorganik elektron
vericilerinin oksidasyonundan sakl ar ve -oku ayneé zamanda
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Microorganisms, 15. Ed.
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AB a Zémolitotroflar i se kar &l 8k beslenme stratejisiyl
vericileri, karbon i-1in organi k maddel er | K

ABu canl &l arén dokada hangi kolullarda bulu
biyoloji k enerjyiapkéecapl amal ar e

TEPE

AKI asi k ohidrojen bakterilerio, mi Kroorgani z
bir metabolik ¢ r ¢n oJogn HBHerobi k olarak oksitleyere
ol ul t.urur
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H, Oksidasyonunda Hidrogenaz ve
Enerji Ak el e

AH,0 n Oyt ar af ®ksidasyonunda ATP e Wingreiad
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. o . . . hydrogenase Electron transport
sentezi, elektron t a | &tepkimelerinin B [Gencres s pioion
ol ul t ur du knotorfkuvvetsayesinde i B8 \motiveforce  J2[gY S
ger -ekl el ir |
xR AR T

- -
S

‘--q-‘-'n:-"-y

AH,+ 1J,BO BO t epki mesi ol
ekzergoniktir ve bu enerji ATP senteziyle
dokrudan il i | kGGVZedR3lri r i

N 5 > . . 5 % 3 » b "N - -
kJ) '~--“--‘».—’-_‘.~,j».x‘ PP s ‘.)4,’.4' \,"».,’.4*—.."-‘ Jr:..-'q!-a‘-."..‘ 3
.

TEPE

Q ; Cyt bc; - Cytc—> Cyt aa;
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] o . ] In 2 Ht %02+4 H*

AB u S ¢ rhidregermz enzimi H ,0 yi NAD* + 2 [ s

oksitleyerek el eknom onl q s i

al écesena aktarer, arc NADHj

i1 i : i Cytoplasmic

dizi sitokrom ¢ z e r 1 n d e Amotprikuveto o |

ol ul turur v egindsgemeneksd a ( sl

ol ul ur . o
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Hi dr ojen Bakteri|l e
Hidrogenaz

A B a zhi@rojen bakterileri biri  sitoplazmik , d i k
zar a ent egrharogekar sehtezlerlkve €
membrana b a kfloer m ener j i met a
g°rev al er.
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A Sitoplazmik hidrogenaz i se el ektr on
zincirine bakIl Srymald oke nric
i ndi rgenmesi I -1n kull an /J
el ektron aké&l é&na gerek d/

TEPE
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A Gammaproteobacterium Ralstonia eutropha, iki
hidrogenaz ¢ r et en t¢rl eyin ae
oksidasyonunu i nc el e me d e nodeiml |
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Tek Hidrogenaz Sentezleyen
T¢e¢rl erde @otrefir j 1 v e

AY al n dek bidrogenaz ¢ r et en t ¢r lneemuama eakli endér ve hem
enerji korunumu hem de ototrofik s ¢re-1l er 1 -in kullaneéel er.

ABuorganizmalarCO ,i ndi rgenmesi 1 -1n gerekli i ndirg:¢
ol ul tur mak ¢ zerkieondah BBRDH@®Irar ¢ al émak zor unda

ve bu illem taerédmaey&kgemnaktirir.

Bektas Tepe
gezimania_tr

Brock Biology of

Microorganisms, 15. Ed.

L
o
L
-
@®©
—
=2
()
m

Dr .

Prof .




H ., Bakterilerinde Ototrofi ve
Metabolik Esneklik
.§
. ACokhui dr ojen bakteri si organi k maeldel erl e de
be¢yeéede kil erfiksasyenu Cévin d °© n g ¢ sgeceyrl-eek |l el i r .
AAncak gli koz gi bi kol ay kullaneéelabilir orga
Calvin d° ng¢ s ¢ e n hidrogknaz 9 e nvtee z | baskél aneér .

A Bu nedenle hidrojen bakterileri f a k ¢ | Keradlitotrbftur ve bu esneklik
dokal ortamlarda °neml.i bir avantaj] sakl ar
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sakl ar

Dokal Ortadhiam daé He&:
S
T A Oksik ortamlardaH ,sevi yel eri genellikle de¢loktoeor -
O creti mi nfermentasydnws ¢ r e- 1 eri nden aneksiktir. ve bunl a
o=
=D AAyr ég,a pek - ok anaerAchaeak abraakftéeenrdianvenezl a t ¢k
(o= | - okeik b°|l gel ere ul al madan t¢kenebilir.
‘;, A Bu nedenle aerobikH ,bakteril eri, -evresel kol ull ar a "
g kemoototrofik ve kemoorganotrofik y al am t ar z| aré€ araseénda ge ]
ABi r - ok agbaktedsi kikréherobik k ol ul | arda daha iyi bg¢y ;
E‘ H,0ni n daha s ¢r eoksikdandksikl aurnadyuckzul ek aleet avant aj o
A
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. ABI r -ianlkdi rgenmi | S renkdiz¢sr¢ Ibfigrelbakkit,er i | eri nde e
vericisi olarak k ul I anél abi | i r .
A Kemolitotrof k avr ame, 1 SSergeyWizryoed rdead s gy & g ir n
bakterileri ¢zerine yapékkel tat €l mal arl a or
AG¢ n¢ m¢ z de kesnglitotfofismin - hem Bacteria hem de Archaeai - i nde u
yaygeémetabolik yal am bi-imi olduku bilinmektedi rjs
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K ¢ k ¢@ksidasyonunun Enerjetik
Temel

A Kemolitotrofik or gani z mal a8, Sleven s
S,0,l gi bi k¢kert bllevler|C|k|Ie
ol ar ak kul Ll adadksitlenelir. S O

ABu oksidasyons ¢ re-|l erinin -oku
olarak SO, ol ul ur .

AS ¢ | folgsidasyonu kademeli ilerler ve ilk

basamaktaH ,S, hg¢cre 1 -inde Db

olarak depolanabilen S °6 a y ¢ k s eHitggéern ®

ASPdé&l ortamda bulundukunc Sum
de¢l ¢k ol masé nedeniyl e b crystals
parti k¢l l erine tHLEQgmMmakbe L

Bektas Tepe
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K ¢ k ¢ @ksidasyonunun Ortama
u u n W g%
Etkisive Asit Tol er anse
é
TN Akndirgkpkigtt bil eksilasypnesEniasénda proton ol ul
2 durum ortamdaki a snedehidrl meni n t e mel
g ABus ¢re-1 erin dolgaaidiifikas;ymmaukcaurI'oélnan,bir-ok,kg,kg,rt
E bakteri si asit toleransé geliltirmiltir.,
8 4 Acidithiobacillus thiooxidans gi bi PpH. 238 ear al 8ké&nda en iyi bgm
— gesterir. -
e -
ABu® zel I i k| eemolitdkrgfigsinnr t evr esel asitlenme ile vy R
E‘ il 1T ki lit ol dukunu ortaya koyar o
A
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HS‘\/

Dsr AB AMP

ATP generated by substrate-
level phosphorylation.

S 5
SLIJ
ow
o <
()
35
| ] n n | ] EE
SoxSistemininGenel ¥z el | 1 k1 &
o
o
Q
=
f— AK¢ K ¢lritl el i kokselasyonundan Sox/Dsr Systems 2B e s EOE
‘o enerji kazanmak 1 -1n GAEots SHIFIF gpAnle e ety z o
[r— - e I | t I | d | r V e e n SOW I _ oxidized by reactions in the cytoplasm. H,O SoxB Sox XA
N . s9
(=) sistemidir. s sor—s “S'jsw A——
I A Paracoccus pantotrophus 0 ttaan & ml Jor ¢ t\syz ’ s\ | s
sistemi_, ndirgenmil Kk o u
S dokrudglm)eS@kS|t_lemek | &? " @< < o
== sitokrom ve proteini kodla 9 -
: g e n I - e r I r . S:je::\ul.lrle Stored sulfur is ( Hl rj:gllrtihtjwf‘ Tc:h ;Sju)?inn
:: activated by e Qyt cto electron transport. —
. P . reduction.
A Sox sisteminin hem kemolitotrof hem de Periplasm N
fototrof k ¢ k ¢ r t okS|tIey|C| Reverse &= | x
@ ve=m I . k flow to make ' Fp (0]
(aa genterin yatay gen akt e | =
ol abil ece |7 d el ¢ nd ¢ r sl QRN iiiate e
A ABugeni l daked)keld"asyonsngri f ¢
ev S¢gre- f a k| 3H,0 Be~+ 6H* =
. . 2 \ase
b e | r PS5
50,2~ S
o | I

(@]
—
— —+
QD @D
=~
T
_—=

s el _
senmi
unu

(@R R
~33

Sulfite can be oxidized by Tase~x APS m+ATp
either sulfite reductase or pr
APS reductase. |
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Sox Sistemindeki Ana Proteinler ve
Oksidasyonun B a | | aAthaa mas é B
é
e ASoxsi steminin temBexKA binr>ems | FEE s ses
SoxYZ, SoxB ve SoxCD Olup bu e e e Sy H,0 g/ SoxB Sox XAN=" 26°
prot ei nl eperiplazmadg rayunur. ) o 5 s @ BN -

YZ
H++2e‘/
AS(,réSoxXA«»Iksmtlenecek t\syz 6‘5*‘6”*%&“{ = i
3H,0

—
—
=
[
(aa _
&S bi | el i KSPveyaB,9i) il e te &j 0 o
= protein SoxYZar asénbdat brodi_ 7V -
1% 1 v Sulfur / from the Sox system are

.g b a l’( e O I u I t u r ma S e y I a tgranule 1:tt\|1\~d1i::|tf>mx> ((:n::rﬁitﬁh;' f“”;,l::,'_ﬂ,:m
® reduction. & —— ra+”‘v - \('_\5
: AKe k ¢britl el i ki, y®oxm¥zZd S : .
a'a) bakl & kal ér v®xBson al |e==== ™ o

tarafentiahaBbe®k ser bes oo
A . y i

ASoxCDenzi mi, bakl & k¢k I S /Eﬁi
el ektron uz oksidasyotudr ar L\ S @&
. . - o - . . Dsr AB 3 Vo HTP genera tc” ub trate-
kilit algemas&dél tiri RN o e
e M — T
eroner su L€ red Ctase or PPI

APS reductase.
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SoxSI1 st emi Elvektr on
Or t a rAgtlenmesi

ASox CDoérikmp -&kardeékeg SoberSstems | #EE G ses
C

In the absence of Sox CD, some organisms w YZ
- C g
4 H = generate sulfur granules that are ultimately 26
e | e k t r O n t a I e l I I a Z I n I oxidized by reactions in the cytoplasm. H,O SoxB Sox XA
)
| s0

S ¢ I eperipezmada o | an pro L. o BN on

Sox XA YZ

ortama s al énér . t\ g |
Soxy - 6e~+ 6H* %\ Sox B H0
YZ SoxCD
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. . . Y Sulfur / e~ from the Sox system are

b I y O k I m y a S a I t e m e I I n I granule Stored sulfur is funneled through periplasmic
activated by - Cyt cto electron transport.

reduction.

Periplasm

AEl ekt r ol Sdgyéen i | i he¢co

1 flow to make . Fp

proton -motor kuvvetin ol ul mas én é enumm

NADH

Bektal

Cytoplasm ;
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ABug¢ - ABRtamndm®i masént :
teti kleyerek enerji ¢ I S /m
o 5 e+ e
kel ar LN

ATP generated by substrate-

e A8 S AMP _ _ level phosphorylation.
redUet 2¢e
Sulfite can be oxidized by 456 X\ APS 7 m+ATp
either sulfite reductase or PP.
]

APS reductase.

Bektas Tepe
gezimania_tr



Kekert Grangegl ¢ Dep
Bakterilerde Sox Sistemi

Sox/Dsr Systems P SO 7| & s
OX 4 3
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generate sulfur granules that are ultimately

S I S t e ml n I n b a Z é b I I e I oxidized by reactions in the cytoplasm.
ancak SoxCD enziminesahip de ki | di S0 o - o

YZ - C
S0g—2 SoxXA yz

y: H++2e‘/
ASoxCDmikh uk o & & Zbdaykel é t\sﬂ s s“ew%mQ soxB "0
atomu periplazmada b ¢y ¢yen k¢ k | HO

- YZ_S_
gran¢gl ¢ne ekl enir. /&? (

TEPE

Sulfur / e~ from the Sox system are
granule Stored sulfur is funneled through periplasmic

activated by ~ Cyt c to electron transport.

ABugrang¢l deki k¢ kert d

Periplasm

indirgenerek aktive edilir ve sitoplazmaya oo
1 flow to make ' Fp

talénér ‘----,

Bektal

NADH
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A Sitoplazmada k ¢ k ¢ r t s¢l fat

bakterilerdeki enzimle homolog olan G il /m
Dsr ABdmeirs y°ndeki akt [\ / . &

ATP generated by substrate-

1 . Dsr AB
; AMP evel phosphorylation.
SO3I O ? 6 k S e I t g e n I r . . | i '!q::'sreduetase iel;s level phosphorylation =
Sulfite can be oxidized by m° +
eith;sulﬁte re:iuv:tase or f

PP,

APS reductase.
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- . . . - Sox/Dsr Systems
A O | u | %@I ) I . k I f a r k | e y ( In the absence of Sox CD, some organisms will
SO4I 0 e O k S I t | e n I r oxidized by reactions in the cytoplasm.
B e

witopdlaankkt ¢ | f 1 d
eyi ci enzim ter
Bhe Gyket ar er

AEny aygeéen
i ndirg
el ektr

Sulfur /
granule

ABazé& rl er degl,ddenezinS O
f osf os gldf &ehzanmin ters
aktivitesiyle SO ,1o0d°n¢l t ¢r ¢l ¢

A Bu ikinci yolakta AMP O MPAiITlPOoy e
d°n¢l messhstyal k¢ zeyi nde
fosforilasyon yoluylaenerji kazanél €

{Emmmm
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Stored sulfur is
activated by
reduction.
Periplasm

Reverse e~
flow to make

NADH
¢ C-yiapllaism ;

3H,0

generate sulfur granules that are ultimately

Fp

6e”+ 6H*

HS‘\/

Dsr AB

Sulfite can be oxidized by
either sulfite reductase or
APS reductase.

S¢l faval VMa

- g Sox HS'% Sox

YZ
H* + 2e” / _—
e+ 6H* SoxCD Sox B 2
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3H,0 P 2n +
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& +m SoxXE 32032_
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H,0 =g/ SoxB Sox XAN=— 2
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e\ APS
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e~ from the Sox system are
funneled through periplasmic
e~ Cytcto electron transport.
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AMP _ _ level phosphorylation.
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El ektronl aren EI ekt r |@e
o w . o2
Akt arel mas&KavankEmer | &
.§
‘ Akndirgkpkigtt bil el i ki|Soeseem o B8 s sos
elektronlar sonunda E T S duylea | & r  Sissiaoimini bl | SeoNr
zi ncire Bavoarst@n éekal a S5 o s s @ BN & .

YZ

sitokrom ¢ s evi yel e wydpar.den g
Sox, S 6e~+ 6H* %SOXQ Sox B H,O
H,0

activated by ~ Cyt c to electron transport.

reduction.

AElektronlar 0,6 ye kadar tal & | : s 2 w

2 Sz) S—S o

proton-mot or kuvvet oséntat &? -
aktive olur. S | (T (
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A CO,fiksasyonu i - i n ger ekl i S

flow to make ' Fp

ters elektron akel eyl ===
sakl ar -

A Ototrofi ,Calvin d° ng¢s¢ veya ool /m
ototrofik yollaklar ¢ z e r i ihedee n LA . e

Dsr AB AMP

Bektal

ATP generated by substrate-
level phosphorylation.

Sulfite can be oxidized by Tase~x APS m+ATp
either sulfite reductase or pr
APS reductase. i
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Anaerobi k Solunum §
Thiobacillus denitrificans

. AK ¢k ¢hamol i totrokluamemn®@mi ktir ancak bazeée t¢r i
kol ull arda solunum yapabilir.

ABuor gani zmal ar el ektron al eceéesé ol arak oksi
A Thiobacillus denitrificans bu yet eneke sahip klasi k bir t

ABubakt er i denifrifikasyom éoluylaN,gaz é na inkieger.ar
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Asidik Ortamlarda Demir
Oksidasyonu

A Ferrous demirin (Fe 2*) o ks i j e n fevwrik déemirék € n
(Fe3*) vy ¢ ks el tkgmolitatnaf sdid,e mi r bakt
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b¢yeéemesini des treaksivomdue n t e me |

AAsidk pHk ol ul | aré&nda bu reaksiy]

sakl adékendan, demir oksitl e ]

miktardaFe *oksi t |l eyer ek ancak -o0 -

materyali ¢retebilir. .

Ay r et ifelrie Wlemir suyla hidratlanarak - © z ¢ n me y <

ferrik hi droksit ol ultururpHdnibu | . o

de¢el mesi nelurn e d e n Fe3* + 3 H,0 —= Fe(OH); + 3 H* _
| 5

ABu ki myasal s¢recin ka-éeéneélm

Y
oksitleyen bakt erasidofiik olgegk | ¢ | 7|7 1 Bl
bi -imde evrimlelmesini b¢yék | ‘

h K] R
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Asidofilik Demir Oksitleyen
Bakteriler

A Acidithiobacillus ferrooxidans ve Leptospirillum
ferrooxidans , Fe2* iyonunu elektron vericisi olarak
kul | s EPpe kadar b¢y ¢ ypHR83 en
aral ekenda gel i | bakterleadir.eé n mé |
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ABu bakteril er, k°m¢gr madeni
ortamlarda yaygeérn Folggmalk bul

TEPE

A Archaea ¢ y e Reiroplasma son derece asidofilik bir demir

oksitleyicidirve pH O 6 én al thénydéay ebbiillei r E e
ABu organizmal aré&n asit maden® Fea++3Hzo_,Fe(§H)3+3H+ i |
oksidasyonundaki r ol | er i2 1B°vle,e22 6 d e =

al éeénmaktadeéer

‘ |
RRRE |
el

(b)

T. D. Brock
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N°tpHOr t aml arenda D@t
Oksidasyonu

. ANC tprHO Bed*k endi | i kidthed enk sFiet | enir, Dbu nedenle :
ancak Fe2*d n anoksikten oksik k ol ul | ara ge-ti ki ara yg¢zeyl
bulur.

A¥r n e kanoksik y e

ralté sul ar &mbdunabiiriveby suan F e
yé¢ézeye -éekteken

da okslidjeendloa ¢tl enmeaye dddrl el . Fe
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A Gallionella ferruginea , Sphaerotilus natans ve Leptothrix discophora gibi
t¢rl er bu ar azdyysiz esyploksidaigneine® nce oksitl eyere
yal ar .
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Bektal

ABu bakteriler, ol ult Uarit dlelmamé -1 &kred K ti d reir 9 tyil k
birlikte g°r ¢ 1 ¢r .
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Demir Oksidasyonunun Enerjetik
Temel
A Acidithiobacillus ferrooxidans v e di K e I, o - 3%3» ESOH- 3 H* ]

asidofilik demir oksitleyicilerin (PH2)
met abol i X €i, f tFieni n a S
pHOdEduk-a el ektropozi
potansiyeline sahip ol
-ekicidlis H@®H27 V,

Periplasm

Outer m— . -
/membrane ectron transpor

tc gengrates proton
Cy motive force.

Rusticyanin

TEPE

A A. ferrooxidans 6 esolunum zincirinde c tipi

'w"‘ 'l," f".‘) v'.’:t J"a‘““ l

ve aa, tipi sitokromlar ile periplazmik bir Reveres e fow B f_f
= T 1 to make NADH X
bakeéer pr o tugtisiyanin buluaun g’ p

AGram-negati f ol an bu bak
ayreca demir oksitl ey ewnamnng

AY¢ksek potansiyel 2f6adrekf®
O0ye elektron tal éeénma:c
az sayeéeda gdietlisia ma k

Bektas Tepe
gezimania_tr



—
=
(=)
i
(==
(1" ]
—
(o
|
e
A

¢ T 9w
El ektrow Akel e -
35
Demir Oksidasyon Zinciri
é
A Demir oksidasyonu, hg¢crenin dél i i ———
-°%z:.nmévefya faraus@emir oho o E-----eees -~
mi neralleri ile temas e S
A Fe2*, d é &ito kzom rc taraf éaddan Outer e ——————
yéeksel tge r peeplaemagak t r o —rriil Doreorane  generates proton
aktarel ér ,; bwurl &@dca& sl e kt 0000 o L force. "
rustisiyanindir (E,Z2 = +0. 68 V) Parlicia -
ABu reaksiyo haf i é*0 ¢ h-;,:s.,.‘;»_.s..;»JQAAT -
hemen Fe(OH),0 | u i t ur ar a k t ¢ Kk (YPeversee fow i§ -
yondekil ir. U o
m
A Rustisiyanin , el e kt r opefipaamé& °©° n ,
sitokrom c 0y e, agsitck®m édade a k t s
ve O, bu son basamaktaH ,O0ya i ndi r

ATP senteziise klasik ATPaz ¢ zer i nde nPHe
ger -ekl elir
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Proton Motor Kuvvet
roton viotor Kuvvet ve )
A. ferrooxidans © eAridik Ya |l a me B
S
T A A. ferrooxidans 6 &ma | a d & k & son i i i
=) ortamda periplazma pH 182, sitoplazma ise otz N EE------o- -~ -~
= pH 5506 6dér ; bu nedenle
— bir proton g r a d ybalumer.
E aﬁ'i:)rane Electron transport
ABu y¢ lgeayanar akmen he¢gcre 0 L Oyte S e pioton "
S vericisi ol madan ATP ¢ 7 Rusticyanin o
E‘ ATPaz ¢, zerinden i -eri Qi Perplasm -
.= mutl aka te¢eketi I mel i dir b s o _
. s Reverse e~ flow f
— AProton tg¢ketit mil ezmearinaek t  tomakeNADH ~
faa) O06nin indirgenmesi sér  ®=munns Y o
bu s¢re- el ektron?ger €
A oksidasyonuna ba k eml eder e ws e e s I
N In

ADol ayéseyl a hg¢cr
gr adyoadmBas é na r2acklmeank sFeé
ATP sentezleyemez. . ATP
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Ters El ektveaon Akéeél
Ototrofi K - I n Eareksinmi

A A. ferrooxidans ototrofisini Calvin d © n g ¢ s ¢ 3*'\22
sakl ar®ovnei nFey cksek pot a I(o‘lfltz) B EN---------- - === [Fe(OH)5 + 3 H*
ol masé nedenjyle NADH ¢°
el ektron akél e gerektir & o o

ANAD*@m ndirgenmesi i-in g i }0“‘9’ Electron transport

membrane

Fe>’6den al énér sitekrom Ibc@ ket r | Cytc e
kinon havuzundan proton motor kuvvet _ |
kull anel arak zge |a3ne3rdol,<perip,asm

ACalvin d° nge¢seéenegn enerj |ve g cQOOIFXT o
Fe2* okS|dasyonunun del ¢ k en Reverse e~ flow
birlel’ince, blhy«:)lk rtelte bla e M
i -in bile bg¢yg¢ R oksitldmekar | E=eEes=
zorunda kal er .

A Bu nedenle asidofilik demir -oksitleyicilerin et
bul unduku ortamlarda ¢ In
sayélaréndan -ok, tetriknl t®HO
demir -°%kel tielkerri. di kka

ATP
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daha elektronegatiftir.

Oksli Jjensi z Kol
S

TN A B a zeémolitotrof ¢ a n | é [fototrof madr ee
O yelil bakteriler, oksi)|j
o oksidasyonu yapabilir.
e |
(o= ABu or gani z maKeradlitotraflarBae |
e enerji metabolizmasenda o
= fototroflarda ise CO fiksasyonu i - i n i no -
g ol arak kullanéel maktader _
p— ANCtpHkol ul |l aré&nda gel il e z
o Feh Feli ftihidcdekierp H@a® ir ci o
A

Armin Ehrenreich and Fritz Widdel

@)

ABu nedenl eelFeitron tal & | Nt -
reaksiyonl ar &n ésitoranh t &y in@ ..
indirgemeye yetecek elektron potansiyeline

sahiptir .
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Kemolitotroflar ve
Fototroflarda F e Oksidasyonu
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A Kemolitotrof or gani z ma | eksiddsyontdale| ekt ron adlupcésé& NO

Dr .

-—R _ :

O son ¢ r ¢ weyaNNOolabilmektedir.

(o= : )

=D AFelbksitl eyen mor ve yeli/l bakteriler, el ekt

(o= F e lya da FeS kullanabilmektedir.

L8  AFeSkul lanél déké& dulmamdhe kimt Feh&r e 1 Fel :

.= d°n¢l ¢émegnde birbebEB®BHEEnghe mHBde sekiz el ektr 1

D -ékmaktader o

E‘ ABUu s¢re-»1er, bu bakterilerin oksijensiz ort E;
s¢e¢rdegrebil mel eri ni sakl amaktader

A
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Nitriflikasyonun Genel¥ z el | 1 k | &
é
. A Amonyak (NH ) ve nitrit (NO ), kemolitotrof nitrifiye bakt er i | er tar af é
aerobi k kol ul | anitiflkasyok ssi¢trlgeerre-reekkl el mekt edi r .
ABu bakteriler topraklarda, sularda, atek su
bi -iymdeagl°sit er mektedir.
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o
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A Nitrifikasyon 1 Kk i basamaktan ol ul umiritei,ikifci basamakt a
basamakta NO nitrata (NO ) oksitlenmektedir.
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A€ o knitrifiye mi kr oorgani zma yalnézca bu basamakl a
edebilir ve Db°%yl ece a mtotnoksitleyiciek si t | eyi ci | er
ayr el maktadeér
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ifiye I\/Ilkroorganlzmalar ve
0 5§
GPrevl er |
é
TN A Nitrosomonas gibi bakteriler ve  Nitrosopumilus gibi arkeler, y al nezca NH
O oksidasyonu yaparak nitrit ol ul t urur ve bunlara amonyak o
o denir.
i
(o= A Nitrobacter gibi bakterilerise NO  oksitleyerek NO ¢ r et i r vr&trltb unl ar
&S oksitleyiciler olarak sénéeflandéreéel er. .
= ] -
.= ABi i nenl er ar aNstrespichacingi,d:NHrodé dad | ayar ak NO
D ol ul umuna kmtrdilkasyont yohanu tamamlayabilmektedir. P
E‘ ABu farkl e mikroorganizma gruplare, azot d°n E;
ardéel ek bir il bel ¢m¢ yer ¢t mektedir
A

@)
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Nitrifikasyonun Biyoenerjetik
Temelleri

A Nitrifikasyonun e ner j | me k a n ikemuoldaosradik tegpkimelerde )
ol duku gibi elektronlarén bir elektron t al

ANH &t B®@ ol ul umuna kadar ger-eklelen s¢re-te

tal nmakta ve bu elektronlar y¢ksek potansi

ANO /NH - i ftihichekeri +MINO34i WVt iMNiQhekteri i se +0.

olup bu y¢ksek dekerl er enerji kazanéméene

AEl ektron talé&ma reakmoyonl Ruévgtnel pkrbupar
sentezini desteklemektedir.
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Amonyak Oksidasyonunda G° r e v Bk
35
Alan Enzimler
é
® — A Amonyak oksitleyen bakterilerde, NH_ ° n ¢ o Electron transport
‘3‘ amonyak monooksijenazt ar af endan [ . generates a proton
—— okIS|tIer|,1erek hidroksilamin (NH OH)ve H O —_— N+ 5 motive force.
(-] 0] u turur = & Oxidation of
\ H,O 2
— 2 hydroxylamine
E A Hidroksilamin daha sonra periplazmik bir y \'/ g e B
enzim olan hidroksilamin oksi dor ed | HAC B — Qytg/,cﬁ w
S taraf é&ndoaen oNkG i t 1 enir [ gy o e 8
E\ dert elektron a-eka - €}~ IEREE FRESS -
= A Amonyak monooksijenaz integral bir Q] =
membran proteinidir; hidroksilamin [ L 22 oy -
W oksi dor esepekiglaanzada yer ) Roverce o flow ~
on al maktadeéer . AL tomake NADH (L1 -
ANH +0O +2H +2e B NKH+HO _ 105+ 4 H*
A tepkimesi i-in gereklig [ b "
hidroksilamin oksidasyonundan s a k | a n i M@+ NH, + g+ 2|8 2
sitokrom c veubikinon ¢ zer i nden a . .
monooksigenazaa k't ar €l makt adE¢€ i - o
ammonia of oxygen
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24
2
V4 X g
\y/ ] =
El ektron Ak é&krm v e
é
o = ANH 6t BI® ol ul umunda a- & 0 Electron transport
e ; If generates a proton
(=) d°rt e | e, ktrond asnOkr@rTa | 1 |I\l+5H+ motive force.
(-] aa o e ul al@nrH®o }O& NHgH o Oxidation of 2
— : : : . w\z?/ hydroxylamine 2H
et i ndirgenmesinde kul | ¢ 1
(== N 4o o
. o . e —_— Cyt &%
e A Sitokrom aa ar acel eswreyl a O | e 2:-_ \'Cyt o
== indirgenmesi proton -motor kuvvet FIF .>.le::;'. KKK -
,= ol ul turur ‘
= 2 el s
ABu sénérl & elektron (4== it <
@ = ) ] .. L. 4 everse e~ flow ©
on oksitleyen bakterilerde enerji veriminin 1 to make NADH . &
d¢l ¢k ol maséna yol a-| . bl s ey
A 2

ABuna rakmen bu bakt erNHOH+HO  NH3+0;+2H H.
miktardaNH oksi tl eyer ek - — ,
o T, . . . . Oxidation of Reduction
d n ¢ | ¢ Mé n de kritik b i ammonia of oxygen

c.stl enmektedir
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Nitrit Oksidasyonu ve Elektron
T al edmalr

A Nitrobacter gibi nitrit oksitleyici i i
. ~ s . . enerates a proton
bakteriler, NO 0 i nNo k siad or e « ot force. PP s
enzimiyle NO & eksitlemektedir. Out BB
- ;“—. A - 24 ,. ‘.'1.;;. e .“ w7 .
A Elektronlar, NO /NO - i ftinin = o e e e OO OO0
potansiyeli nedeniyl
el ektron taléma zinc "
. ) DU e
terminal oksidazaa kt ar é1 ér . 4= o graiyIata
; _ to make NADH | | )
AEl ektron tal é&ma zi nc%¥s et e < ady
sitokromlar bulunur ve sitokrom aa 6 ¢ n In /\ o 10,+ 4
- . . 2
aktivitesi proton -motor kuvvet ¢ r et | . o —s N+ 2 o
0% o
ABU sSs¢re- demi r ok si Oxidation Reduction i\%:: ATP
. . of nitrite of oxygen
o_IduI,<u glbl_ -0k az T — oLy o o
miktardaNO oksi tl ense Dbile h¢gcresel

bi yokarttléel 8 sé&né&rl & ol ur
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nedenl e b glukezagibi otganik maddeleri kullanarak
kemoorganotrofik b ¢y ¢ me yetenekine sahiptir

@)

Nitrifiye Bakterilerde Karbon
. - & g%
Met abol I zTemeBea n € n
.§
TN A Nitrifiye bakteriler , t ép ké k¢kert v eemdiwtoilar gibik si t | ey en
2 CO fiksasyonu i - Catvin d° ng ¢ skeun ¢ anér .
.g ACalvin d° ng¢seée¢negn ATP ve | ndi nmitgfigasyoryury -zatener ek s i n
(o= del ¢k veri mli ener ji Ssi stemine ek bir y¢k Db
‘;, ANi tri fi k &adlvinrdl®enrgdées ¢ 1 -in ger ekl NADH, ters "
g ol ul turulur. i
ABu enerj i s € n e r Ihimitmaksiteeyicderdé keledintinvé du e ;
on o
A
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ABu gruplaré&n tamamé, dg¢l
s¢re-lerini s¢rderebi i

Amonyak Oksitleyen MiI k BE
Metabollk Yal alnar z e
S
—I AAmonyak ok si t |l eyen bakteri t ¢kemofitotrofturgeaye | | i k1 e
O bel i rl i kncksowoffikk b g dage st er ir .
o=
=D A Amonyak oksitleyen Archaeat ¢ r | e ototrofit eCO fiksasyonu,
o0 hidroksipropiyonat d° ng¢se¢neégn birsakdraynagnt e 11 e
‘;, ANitrit oksi tl eyen t¢rlerin aksine, amonyak oKsi u
g onl| ametlolk esnekl i kini sé&nérlar. -
; hitrifieasyerr j i veri mi ne [
o= @
A

@)
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Nitriflikasyonun Ekolojik ¥ n e m|

A Nitrifikasyon amonyakeén nitrat formuna,dOng,I'tg,rg,I
d°ng¢se¢ende kil it bir basamak ol ul turur.
AOl ul an nitrat, bitkiler i1 -in kolay al énabil
ekosistemdeki verimlili ki dokrudan etkil er.
ANI trifikadtoal egu toksikéamenya& vedarainlerin

uzakl alteéeréel masymarda t e mel r ol

AG©° | | esedimentlerde ol ul an amonyaké oksitleyerek al
siyanobakterilerin kul | anabi |l eceki sabit nitrojeni ol
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Anammox S¢r edciime |
Oksijensiz Amonyak Oksidasyonu

Brock Biology of

Microorganisms, 15. Ed.

T A Amonyak oksitleyen aerobor gani zmal ar danandmmoxk | € ol ar ak,
O mi Kr oor g anNHzomga sairjéeensi z kol ull arda oksitl ey
g A Anammox reaksiyonu, nitritit (NO ) el ektron al ecése ol ar ak

E amonyak@&N(gMabz@&na don¢glterer ve ge¢-GRBADbIir en
P = 3357 kJ). a
= -
— ABu biyokimyasal sg¢raaefobbobamam&@zebrhbint ubakter
D grubunca yeéerotel o, =
E‘ AAnammox met abol i zmaseée, ekosistemlerde oKksi | en sl

t emel mekani zmaséneée ol ul turur
A

@)
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Anammox Bakterilerinin  Filogenisi
ve H¢cYampede

A Brocadia anammoxidans ,anammox S ¢ r e C 1 N i N ,a*

Brock Biology of

Microorganisms, 15. Ed.

Anammoxosome

bilinen temsilcilerinden olup  Planctomycetes filumuna ~
aittir.
o =
B
. . o z
A Planctomycetes¢ y el er i, sit onpxetnbxmlmar;.,
-evrili b°l meler bulundur m3is .. "
bakterilerden ayr 1 ér . s %% -
@ (b)
ABu h¢cranbmmodreeaksi yonl ar €N taeneiss L S >
ger - ekl el ti lkamamhaksoiom bldrdk me o <
adl andér el er o

A Brocadia 0 yek olarak Kuenenia, Anammoxoglobus,
Jettenia ve Scalindua t ¢ r | e r ianachmoksbzaom
yapésée bulunur
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Anammox Bakterilerde Ototrofi ve
Karbon Fiksasyonu

A Anammox bakteriler ototroftur ancak CO fiksasyonu i - aenob amonyak
oksitleyicilerin kullandeéekeée yollaré kull an

A Bu grupta CO fiksasyonu , indirgen asetil-CoAy ol uyl a ger -ekl el ir;
bir-ok amgrabot otr of i - ime kyaay gama dEirr.

AEnerji ve karbon met ab odnanmmabakienl€&ind iblkierf ar k|
ni tri fi kaaty®érrléerr.den

AB° y | anamemox bakteriler, oksijensiz ortamlarda karbon ve azot
do°n¢l ¢émegne¢g birli kte s¢egrdegrebilir
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Anammoksozomun Yap & s & :
S
A Anammoxozom, t ek knemdra@la bewr i | i L* s
yapeder wed&sgeril di ki cze | &
organelni t el i ki ndedir N
i :
ABumembran, - ok siaklédhat kmsé i  #°
° z elddderan dlipidlerinden ol ul ur; bu vy e':s L, "
sé&né&r | ayanmembrguon ublitrur ur . 0. 2% w
@ (b)
ALadderan lipidlerinin s a k| adék & saBakiBoXb  tewerneipiss L P
séraséndwksklavlbagr ¢nl erin s <
yvayél maséné engell er o
ABu vy am@mox met aboli zmasénén |
Kontroll ¢ bi-imde yg¢égreégtel e e g r

(©
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- - BB
Anammox Rea ksl yonl ar e @k
Hidrazin | r et 1 mi \VOd Ul nuagi
é
gmm AAnammox met ab ol i z ma sritrit Srétnt a s é N La* A
O red¢ ktaarzaf éndan ©°nce nitrik.:
g i ndi rgenicr (Fi gg¢r . - g
e AArdéndamdrai©® (NH) ol ui tur mak }.,'
S amonyuml a reaksiyonhidrqzi'r]rer': . .
é‘ sentazenzimi ile ger-eklelir.y ™ -
‘=3 AN H daha sonra hidrazin dehidrogenazt ar af én c(a) " S e
gazeéna oksitlenir ve a-ceka I <
) tal &ma zincirine aktareél &r | ? &
A

AEl ektron ak@®&l &y |-raotok kuvvet] an |
anammoksozom me mbr a n éATRBazl&ariar ac € | e

anammaoxosome

ATP sentezine doengiterel or

T

(©
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Anammox Bakterilerde kK n d |
ve Nitritin ¢ | fRoel ¢

A CO fiksasyonu i - 1 n
ters elektron t al € nyn
bu s amammox d ° n
reaksiyonlarla desteklenir.

Electron transport
generates a proton
motive force.

ABu bakeémséz
ol ul t ur ac airit
taraféndan o

Reverse e~ flow
to make NADH

AB?° y | mtat e anammox bakterilerde he D NI IIDIDDC
ATP ¢ret i mi n 1 nait |
. . n
i ndirgen g¢- sakl anma ‘|T
gereken i ki i1illevli b H20+N02‘—O>¢N§O+2H+
A Nitritin - b u -1 ft Yy °n Ian_-amIK(]X I Oxid'at'ion Reduction
met abolizmasénén °zgyg _ | oinimie) of oxygen
kar mal ek d°ng¢sel elektron akél éneée ortaya
koyar .
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Anammox Ekolojisinin Temel
Kaynake
’
=
T—I ADo k aaghammoxt ep ki mesi | -1 haygeal&hé, NDer obi k am
O oksitleyen Bakterive Archaeat ¢r |l eri sakl ar .
o=
= ABu organizmalar, °zellikle amonyak a-eéseéends
o0 su ortamanammdnldakt er i | er i i1l e birlikte yalar
320 ABu habitatlarda ol ul an a sokskcemdnaksiké par t i k. | Qe
.= b°l geler i-ererek farkle fizyolojilerdeki 3 )
D bul unmaséna ol anak taneéer. P
E‘ ALaboratuvar karé&l ék ke¢lterleananthmoyxyghksek ok E;
baskeéel ar nitrfikasyona sdiekst ekl edi kianammqox@Ewrk ada |
A b¢e¢yek °I1 -¢dedernit laihaikn ©der =
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ANH veNO birl i kte bul wmaurkmo x I,
herhangi bir anoksik or t amda ort aya

anl al &l maktad?ér

9%
S5
o
m »n
35
~ . oS¢
Anammoxewnr &nelmi
.§
. s . . T Anammoxosome
TN A Anoksik _kol ul | arvdanlnmljnth ol ul Umu ge*
QS czerinden uzaklalterelmase.:
o azot mi ktarené azaltarak S .
e kat ké Falgldar cf .t-'.
s A Denizel anammox bakterileri, anoksik deniz X . : Y
== sedimentlerindeki mineralizasyon s € r as &@€nda § "¢ -
= b¢y ek mi kNHaG ghmautitémel sorumlusudur. @ o ~
o Ladderane lipids ATP app.p, ©
. AAmonyak a-éeéseéendan zengin <
laa) sedimentlerinde deanammox ger - ekl el ir i o
A
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S g
L : n > LW
—0.42 Hy gfcmn mdufc:igngt;js‘ g) 5
b b b 03y 2 H* obligate anasrobe § —
El ektr on Al eceéese G-Co catnms it s
acatogenic bacteria, % %
COs obligate anasrobes 9 =
n it - = HS Sulfur respiration; m g
— -0.27 facultative aerobes and =
¢, I € eénaea alnma . s s
-0.25 CH, Carbonate respiration; 2
( methanogenic Archasa; >
. co, obligate anasrobes
—I A Anaerobik sol unumda el ektron al écés €xz - Sulats rosgirtion S
. 4 . . - . . (sulfate raduction);
Q bilelikler genil bir -elitliliKk \Cw T W
o mikrobiyal gruplarla i | 1+ I ki | 1 dir E/, Csum Fumrat respiratons
facultative aerobes
> M < Fumarata .
- A E Pl b k | T AsOy* Arsenate respiration; 2
N n yaygén anaer obi solunum t ¢r C oy R B
. 9 9 ) . AsOL* igato anaarol g "
&S olarak nitrateéen kullanél deke s ¢ =t ———— F "
dimathyl sulfoxide i3 o
irat
> :mmfnmo facultative asrobes % I
: : Fef* Iron respiration; faculiative 1
: = +0.2 o gﬁ;ﬂaﬁwd obligate -
Benzoate + HCl  Reductive dechlorination; ©
0.3 ( facyltativa aerobes and =2
+u obligate anasrobas ~
© m—m ﬁg-::-_robanzcuate ®
C: Ni _—
m +0.4 famimrmmme a
NOq™ reduca MO4 to MH,®)
Qa0
+0.43 Salgf\a_arespiam
A ( S0 facultative asrobes
4
> My
i ( Denitrification;
+0.75 T facultative asrobes
]
Mn?+
Manganesea respiration;
( - facultative aerobes
:HED Aerobic respiration; -
+0.82 obligata and

facultative asrobes
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NI traten Red¢ksi
Denitrifikasyonun Temeller

Nitrate NO5~

Aknorganok bilelikleri ana _ Nirate
yaygén kullanélan elektro T |reduction,
al ér Nitrite [N coli)
A Nitrat (NO ), nitrite. (NQ ) i ndi rgene b i - Nitric ido NG

NO,N OveyaN gi b daha i1 ndirge Nirc cide recictase
don¢l ebilir; bu gaz teéerl e

I Gases | Nitrous oxide-

I - i n degtrifikasyon olarak ad|l andeér e o

ABaz é tg,rler yalnezca il Kk  Dinitrogen N, | r
nitrite i ndi rgenmesi ni ger-eklertirrirken, pnpazel
NO (”yiNHc”)dOn¢ tdistmeatif s ¢ re-|1 erden de

sorumludur.

AK¢r esel °]l -ekte en °nemli S¢re- sabit azo
t¢ketti ki ve gaz hoO©lindeki ¢reéenler ol ul tur

denitrifikasyondur
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Denitrification
(Pseudomonas
stuizer)
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Hy Proton reduction; ]
-0.42 Pyrococcus ﬂr.io&,.ls,
03y 2 H* obligate anasrobe

Chy—C00 Carbonate respiration;
acetogenic bactaria,
obligate anasrobes
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Denitrifye Eden Mikroorganizmalar
ve Ekolojik Roller

-0.25

%8

Sulfur respiration;
facultative asrobes and
obligate anasrobes

Q@
F

Carbonate respiration;
methanogenic Archasa;
obligate anasrobes

E &3
5 8

A Pek - o denitrifiye eden bakteri, filogenetik olarak 022
Proteobakterler i - i nde yer faalkésrl damdturfo k u
°r neRseudomonast ¢ rl eridegé¢tlrg fi kat °or g

Sulfate respiration
{sulfate raduction);

obligate anasrobes

(30, —>-50.% . E, 0.52)

8
#

Succinata
Fumarate respiration;
facultative aerobes

Fumarata

=
s
e

Arsenate respiration;
facultative asrobes and
obligate anasrobes

AObulundukunda aerobi k s ol uortanma f
olsa bile denitrifikasyon ger - ekl el me z. +0.15

=
in
=

:rs

Trimathylamine oxide’
dimethyl sulfoxide
raspiration;
TMADYDMSO facultative asrobes

suonedsa sgoiseuy
TEPE

il
LY
*

ABi r dekni tri,fiFpab?rdi ker el ektr ol
indirger veya fermentasyon yapabilir; bu durum  metabolik e
-elitlidd&ktlemriimi +03

Iron respiration; facultative
asrobss and obligate
anasrobes

o
b
B

m

enzoate + HCl  Reductive dechlorination;
facultative asrobes and

obligate anasrobas
Chlorobenzoate

=
(=]
Bektal

Mitrata respiration;
facultative asrobes (somsa
NOq™ reduca MO4 to MH,®)

+0.4

A Archaea ve hatta bir © k a r glam Globobulimina
pseudospinescensde denitrifikasyon yapabilir ve bu ‘043
met ab ol iamksi& dehizel sedimentlerde k ul | aneér 3

+0.75

£

Solenate respiration;
facultative asrobes
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:

Denitrification;
facultative asrobes

Manganesea respiration;
facultative aerobes

Aerobic respiration;
obligata and

+0.82 1 facultative asrobes

ﬂﬂﬂﬂﬂﬂﬂﬂgﬂﬂ (YY)
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TN AT ar € nas-aél danitrifikasyon ol umsuzdur -¢nke¢ -0 ft-ilerceé
O nitrat g¢bresini topraktan uzaklaltér ér.
o=
=D AYan ¢régnl e veel aNlO N evresel a@éganl & nkeimd | e r 3
o0 gazéeder ve gNOGeyad red leklkei liil re.
‘;, ANO, atmosferdeozonu(O) t ¢ket eokldl N@una yol a-ar ve "
g HNO bi -i minde asit yakmuru ol arak yeryg¢gzene Y

ABuna karl el &k, k anal i demigifjfkasyon g(velrnammok)st e ml er d ;
E‘ faydal eder -¢nk¢g nitrat-a zengin atekl aren &

olul abil ecek alére.alg b¢yéemesini °nl er

A

@)
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Disimilatif N1 t r at Redy¢ ks
Bi yokl myase

A Aerobik solunum, nitrat respirasyonu ve denitrifikasyonun el ekt r on t a | 8@ ma
zincirleri al akédakikafrilgggrada ér mal € ol arak g°°ster.i

AKl k basamak ol an nit rtatrearf éinrddinr gearsrhed ia,n ad
mol i bdenmembranabak| & rnadg¢gkathazzi mi t ar af éndan
katalizlenir

4H* Periplasm 2H* 2H* 4H* Periplasm 2H* Nitrate reductase -

complex
a7e's “ :@:c'o;)}-- eee
Fos Q_,Q_,icw’ tof
E | bsss
I 3

Fp } e ¥ Fp |
OX 1 QOOCQPRACAI AN 0000  OX I L;\COD:J QA0
Cytoplasm Cytoplasm /-
NADH+ H* 2H* 4H*+10, HO NADH+ H* 2H* NOz %+ 2 H*

(a) Aerobic respiration (b) Nitrate reduction

88 oo 92 40 ! f .
O | [.&MLUV\ )
Cytoplasm

NADH+ H* 2H*

(c) Denitrification
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Disimilatif N1 t r at Redy¢ ks
Bi yokl myase

AYal né&moksk kol ul |l ar dekil, ayné& zamanda nitrat
enzimlerin tam ol arak sentezl enmesi Il -1 n ge
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AE.colini t r at énitrtea Kadat irdirgerken, Paracoccus denitrificans ve
Pseudomonas stutzeri tam denitrifikasyon yaparak NO ve N O gibi ara
creéenl er geat Nr

TEPE

4H* Periplasm 2H 2H* 4H* Periplasm 2H* Nitrate reductase
pPeve Y DXALHLDL DR
s's .)\.XJ\,&A*«.JD
{\ !
Fe/S { e ‘Cytf‘!
: = Q= QH, i | —
Fp Fp \ -
QX 1 QX I QO X~
Cytoplasm Cytoplasm -
NADH+ H* NADH+ H* 2H* o
(a) Aerobic respiration (b) Nitrate reduction m

NADH+ H*
(c) Denitrification
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Elektron Tal énmasé ve
Enerf Kaz aneme

AE.colidngrat r ed ¢ kt @2 e k't r o-tipl sstokeemdan al &r ve aer obi
il e nitrat solunumu arFasgé&mnd aakg? eztilendodiérmiflatrikrl
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ANO /INO -1 ftinin indirgenme potansiyeld:] daha
solunumu sérasenda aerobi k solunuma g°re da
LLl
o
L
|_
4 H* Periplasm 2 H* 25 4H* Periplasm 2 H* Nitrate reductase
complex - (—6
2 RS DL- ALARNL VP - 2 B 2L AL AL 2L DI "-»\ ML Ajr.-\,.»‘ _ BLIRL AL AL
> e K UJ\‘(\J I RO (A : JQU\ (AN XKD =
11k 4 | » P
14 Fs | & oyt |coytof ' : Cytb o
S F Q—‘)‘QHQ_T‘ | ::.3: i Y (S o Q_—)QHg 3 N m
Fp Ll R Fp | ’
S 5L 4 4 54 S8 £4 52 F4 b 55 RS ¢ 3 24 S £4 28 AL S L RS AL PTG Lyt
O QOOINIIIN JOQRQ O OO IIIX A
Cytoplasm . Cytoplasm -
NADH+ H* 2 H* 4H* +10, H,O NADH+ H* 2H* NO;*+ 2 H*  [NBE+ H,0
(a) Aerobic respiration (b) Nitrate reduction
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Elektron Tal énmasé ve
Enerf Kaz aneme

A Denitrifye eden t ¢r | enttrid e e Q kritrdkoksit r e d ¢ kve a z
diazot monoksit r e d ¢ kitaarzaf e ndan s e®OwewedNdylea NO, N
done¢gl ter el ér
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ABuelektron t al &nmeaaksi yonl ar & sé&r amdonkhaetATPul an pr
sentezineba k|l aner

TEPE

NOZ% 2 H*

Nitrate reductase

4 H* Periplasm 2 H*

Bektal
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39 49 99 16 31 9% 93 99l
rl “,1"\/’ 28 B4 LS S /‘\‘
Cytoplasm

NADH+ H* 2H*

(c) Denitrification
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S¢l fat ve K¢gkegrt B
Anaerobik Solunumdaki Ro | ¢
é
T ADok albiar - ok i norganik k¢kert bileliki anaero
O al écésé olaparak go°rev
.g AS¢l fat, ke¢kerden en oksitl ennembbl &aonr sngl bhar g
(o= i ndirgeyen bakter,8dya kadarf éinddinr gtdeni r .
‘;, ABu bakteril eSS hyojeokineyasalidkeingH | ere kateéel an °ne o
= dokade¢ender . -
A Desulfovibrio c i ns i , D.Zdesllfuricakd,e s ¢l fat 1 ndirgeme biy E
e anl al él maséenda tarlekdirmal el el an o
A
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Asimilatif ve Disimilatif S ¢ | f a't
n W §.§
Met abol I zmase
é
T AAsimilatif met abol i zmada s¢l fat, b sistein pnketiomn kr oor g a
2 ve - elrigtalnioddgllfedn kl erinin sentezinde Kkull an
o al eneér .
i
(o= ADisimilatif met abol i zmada 1 se s¢gl fat, ener i kaza
S ol arak b¢yeée¢k mi ktarl arda i1 ndirgenir ve bu i)
E\ indirgeyen bakterilerde bulunur. -
‘=3 ABu bakteriler tar,8f8ndaamgaehabani He oksi t |
organizmalar tarafendan kullanélabilir vey "
aa) metal s¢lfeorleri olulturabilir -
A
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S¢l fat kKndl
Enerjetik Temelleri

AS¢ | fOgteNO, i |l e karl &l altérél dékeén o
el ektron al écéeseder, ancak uygu
i ndi rgenmesi ATP sentezi siakil maryeg,
v)
AH,neredeyse t¢m s¢gl fat 1 ndirgey
kul | anel ddktatlvep kregogdalta - ok tatl & -
asetat ve uzun zincirli yak asi
edilen organik elektron vericileridir. o
A Archaeoglobusd €1 8nda bilinen te¢m sl feo
organizmalar Bacteria d omai ni ne aittir ve
mor folojik ve fizyoloj.i k a-éeédan

r g =

|
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Succinata

Fumarata
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TMAQDMSO
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Fe+
Benzoate + HCI

Chlorobenzoate

=
(]
[

NOq™

£
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ﬂﬂﬂﬂﬂﬂﬂﬂgﬂﬂ (YY)

Proton reduction;
Pyrococcus furiosus,
obligate anasrobe

Carbonate respiration;
acetogenic bactaria,
obligate anasrobes

Sulfur respiration;
facultative asrobes and
obligate anasrobes

Carbonate respiration;
methanogenic Archasa;
obligate anasrobes

Sulfate respiration
{sulfate raduction);

obligate anasrobes

(30, —>-50.% . E, 0.52)

Fumarate respiration;
facultative aerobes

Arsenate respiration;
facultative asrobes and
obligate anasrobes

Trimathylamine oxide’
dimethyl sulfoxide
raspiration;

facultative asrobes

Iron respiration; facultative
asrobss and obligate
anasrobes

Reductive dechlorination;
facultative asrobes and
obligate anasrobas

Mitrata respiration;
facultative asrobes (somsa
reduca MO4 to MH,®)

Solenate respiration;
facultative asrobes

Denitrification;
facultative asrobes

Manganesea respiration;
facultative aerobes

Aerobic respiration;
obligata and
facultative asrobes

suoneadsal 21qoIeBEUY
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Used in assimilative metabolism

S¢l fatén Aketi vasyol:

. <k
S

e ASO B ¢nSélye indirgenmesi sek M9 e

R——C- 4 C, 2 y g enine O | l _

=) ve illem, s¢lfatén ATP kul ™ CHe O} —0—3—0 e

o ball ar . ) Lo ©

> Used in dissimilative metabolism

ra) AATP S ¢ | T ¢aniimi,@@,i 6 ATPORADB f at 8N 4ol wiine s phosphosuiats

&S bakl| ayaden@ikf osf ogAPE)DaAUIl t ur u o

— _ : : . . . ~ OH O -

= A Bu aktivasyon, SO 4 /SOl - 1 f t i nin -o0okoc o L

D dekerini séféra yaklaltér a R a hisee

— negatif potansiyelli elektron vericileriyle 8 H o

on indirgenmesini.m¢gmken kél a OH @

A

PAPS (Phosphoadenosine 5"-phosphosulfate)

@
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OH O
Adenine - cl-lz—o—l!ﬂ—{)—g—cr

N H

A P S Misimilatif ve ox
Asimilatif Yollarda Kk | | e n m

A Disimilatif indirgemede APS,APS r ed ¢ kt az

OH O
mz—o—ﬁ—n—g—o-

tarafeéendan d ok riu)d aonl usi¢tlufriat OH
| ekil de i ndirgenir ve AMP ﬁ’—ﬂ*

o] Uzed in azsimi afve matabolism
AAsimilatif 1 ndi rgemede APS, ©° NCE PaPS Prosphosdenosine 5-phosphosuliats)
eklenerek PAPSd%n ¢l t ¢r ¢l ¢r ve a®
i ndirgenir (Fige¢gr a). ATP PP ATP ADP

: : : . : SO \-/ APS \-/ PAPS
AHer i ki y ol d a;l ,dlaha smiraud ¢alnf iSt( meg \L mmumpﬁi
PAP

w ~ . . . APS
redg¢ kitaarzaf e pSdoayne H n d iFin gemi recuctase NADP*
AMP
S0 S0+
6 e =) Sulfite ﬁe‘*
reductsze
Hz5 Hs5
Excretion Organic sulfur compounds
(cysteine, methionine,
and so on)
Dissimilative Assimilative
sulfate sulfate
reduction reduction
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V4 S 5
4 4 L
Elektron Tal enmase ve
7 %%
Proton-Motor Kuvvetin Ol ul u mu g
é
T A Disimilatif s ¢1 fat i ndirgenmes o
) elektron t al érmeaa k si y on|-matoé pr 4% 8H moteioe
[ kuvvet yaratéér vsentabu,kuwm"\/ LA—
= aracél 8kédyla ATP ol ul umt M“@m?\
m LI I IS .)i;(_5‘%,1“}_)‘_}»_,1 X ’)H_t“J.\,Z‘_i A ke .
] ABu s¢re-te °nemli bir el “ 3
== sitokrom c, periplazmik d ¢ 1 ¢ k pot ans > -
,= sitokromdur . P SR !
e | " LDH J‘-J-’a-f--" AP LN I AN o
. . . . . v 1 2- —
A Sitokrom c , periplazmik hidrojenazdan a | d & k : S°‘\ =5 z
@ o - .7 1 e
on el ekt r membrandaéy er | elHmuoi | : sy ol o
kompleksine iletir ve  Hmc kompleksi e P \So as o
erredoxin f 3
A

el ektronl arer A3 kv eaxkdt glrf

v
N
——

Acetate + CO, + ATP HoS
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Hi dr o g eMvearzkeenz ive Ro |

Enerf Kaz aneme

A Hidrogenaz enzimi, Desulfovibrio t ¢ r | eitel H Oxidation of H,

. . generates a proton
b¢yeéer ken ol daktd weygk@midragv at | aH,  8H* motive force.
beyerken de merkezi bir o oow\__/ e

o _A;ch; i
Alaktat ,pi r ¢waet ardendan aset a ,L;.;.z_\;».,; R %"‘F\ S
done¢l t ¢r ¢ bérmeteDdsulfoviprio aset a = | N ol 2 kbt
CO,0ye kadar oksitl eyemedi (
késmeé h¢gcre déel éna veril 2
kat él er . v
’-/-’q"-‘,'-’-‘-,-w,_l .-
Al r et i |, penplakmaya g e - e mideogenaz S0
taraféndan el ektron ve AN
elektronlar elektron t a | &zimarine girerken : Sl S I I
Lactate  Pyruvate : \ 2
protonlar proton -motor k uvvet ol ul tur R : S04
Ha
AH,O0ni n el ektron vericisi @ 1
SO, indirgenmesiyle net bir ATP sentezlenir ve s HaS
reaks |yonun standart sl&2 best enerji deki
kJo.de

Bektas Tepe
gezimania_tr

Brock Biology of

Microorganisms, 15. Ed.

TEPE

Bektal




u u | n q%-ucj
Organik Elektron Vericilerinden £
22
I n u c%%
Enerjil , r et 1 mi
é
T Alaktat veyapi r ¢ewlagkt ron veric o
= ATP yal nézmador kuvvetteroaie ki | , 4% 8w mowefo
(o= zamanda p i r ¢ vamdtagwe CO,0 yoksidasyonu o P
1% o T - C.
o sé&rasénda ouebstratedksl zeel yeinn d e M“@’“‘?\
. g (- ’ 3 3 ) X X XS LIS AN
o0 fosforilasyondan da elde edilir. it bttt ¢ 0
\\ L
(2= _ _ . . L f
== ADeni zel s¢l fat indirgeye . ) -
g i ndi rgemesini asetat ve ~-.j,\,) !
s . . . ~ . . Ve hrL“l ! LDH J;. -);_‘,;_-_x . - -J(_‘,J g - —
asitlerinin CO ,0 yoksidasyonui | e el | ey 'n’\ L sor ©
@ w=—m - - . .. | \ 2e _:)
on ABu el l el menin enerji ver : APS | g "
- - : ERik = 1 N | ADP + P,
ve asetat oksidasyonu i | e s ¢l fat iop feEe e e
A toplam GGAZ d e-E7é5kiJ 8.d & r Ha f
Acetate + CO, + ATP HoS
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Asetat Oksidasyonu ve
S

ADenizelt ¢r | er d eksidasy®riumuh t e me | mekani zmas €, bir-o

anaerobun asetat sentezi veya oksidasyonu i - i n k u bseth-@ohée k €

yoludur.

ABazé s¢l fat indlrzgeeogoteohkdalad(rtael«|daerb<1—ly¢yeb|Ii

kol ul lasetil @Ay ol unu asetat sentezi I -1 n kull a i

ABu tg¢rler yalné&zca mipeHail- eargadikar &, s¢l fat [N

bil elemsaml arda yetiltirilebilir, -¢nkeg ase P

kendil eri tarafeéendan sentezlenirtr <

@)
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S¢l tat kndirgen Bags

Met abol i zmal ar e
é

ABazé | fat i ndirgen bakteriler, tem terlere

disproporiyonasyon ve fosfit oksidasyonugi bi sera del e reaksiyo

ger -ekleltirebilir.

ABu® z enétabolk s ¢ re- 1| er , k ¢ k¢rt dikdidasgohink heemr i ni n he

i ndi rgenmesi ni | -eren farkle enerji el de et =

ABumet aboli zmal ar, dokal ortamlarda di ker k¢ N

mi Kkroorganizmal arl a etkilelimler:i | eki I | end

ek avantaj.l ar sakl ar

Bektal

Dr .
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Dlsproporlyonasyonun Temel
35
el S c
Mant ek e
é
. A Disproporiyonasyon, ayné maddenin bir molek¢l ¢negn o
di kerinin indirgenmesiyle 1 ki farkl e ¢r¢éng

A Desulfovibrio sulfodismutans ,t i y oS (,SBS‘O@ ) désproporiyone edebilir
ve bu reaksiyonda hemH S hem SOiolulur.

A Reaksiyonda S8SO,l yapésénén sak ucundaki K¢ kert oks
ucundaki ke¢e¢kert indirgenitr
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T 1 y o s Rispfo@oiyonasyonunun
Enerjetik Boyutu

ATIi y os ¢ okSidasgy@enundan elde edilen enerji, substrat d ¢ zey i nde
fosforilasyona y et ecek kadar y¢ksek ol madekeéendan pr
-al éltéréel masénda kull anéel ér .

Brock Biology of

Microorganisms, 15. Ed.
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ABus ¢re-, sé&nér | énoterrkairvjvieyti oprudttaur mak i -in de
bir metabolik adaptasyondur.

AS¢l fbigd el i kl eri artasyéonsdp@ Kyadtl, n 8igeed i t (SO
elemental k ¢ k ¢ r )tde disproporiyone edilebilir .
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Dok al Ort aml ar da
| < %
Disproporiyonasyonun Ro | ¢
< :
.§
TN AK¢gke¢arna ¢renl erinin ATP P ATP ADF
Q dlspropor]yonasyonu ;oS¢ I fat 1 rge AL APSA_.L, —
O bakterilerin hem kendi ATP sulfurlase ‘“‘PB“'““S“’NADPH
= met abolizmal aré&nda h 2o~ M5
(aa kemolitotrofunun ¢ r et t i ki bil AMP NADP* “N e
. . . . L
(4= enerjiyi geri kazanm o
> SD’SE_ 5032_ L
|_
:g ABuUu metabolik s ¢ re-1er, k¢kyg 6 e =d sufie 6 o _
d°ng¢se¢nde yer al an reductase “
- dekerlendiril mesini HpS HoS s
o | . o | ! ®
A Disproporiyonasyonun ek ol oj i k | Excretion Organic sulfur compounds
A bu s¢re-lerin dokrud oy onne:
canl el ar |, a | I | I Ki | Dissimilative Assimilative n
ger -ekl el mesidir. sulfate sulfate
reduction reduction

(b)
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Fosfit Oksidasyonunun S ¢ | f at
Kndi rgen Bakerieri | e
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. ABazée | f at ibakteriler, gosfit (HPO ) oksidasyonunu SO i
i ndi rgenmesiyle elleltirerek enerji el de e
A Bu kemolitotrofik r eaksi yon fosfat ve s¢lf¢gr bil elik
sonu-1lanér .

ABui | |Desulfotignum phosphitoxidans t ¢ r ¢nde bul unur ve bu or
tam anaerobol up ototrof bir yalam tarze s¢grder ¢

Bektal TEPE
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Fosfitin D o

k al Kaynakl a
Ekolojik B a k |

ame

A Fosfitin d o k a | kaynakl ar e muht efostolipieler vne; kdliekiekr a s i
h¢cresel banokeid k &Il welrliaar da par - al anmaséeyl a ol
fosfonatl ardeéer

A Fosfitin oksidasyonu, disproporiyonasyon veH kul | anéeémeée il e birlik
i ndi rgen bakt emetdb@dik del g r il eke kat kée sakl ar
ABus ¢re-1er, bu bakterilerin -elitli i ndirge
bileliklerinden enerj.i kazanma esnekl i ki ni

Bektas Tepe
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Elemental K¢ k ¢urtdi r gen me

ACokauegl fat 1 ndi elgreemal b g k ¢ e d)is,¢ ( $indigerken bu
S¢re-t e rkazanabdirr | i

ABuyetenek yalnéezca s¢l fat i1 ndirgen bakteril
anaerobik mikroorganizma da S indirgemesi yapabilir.

IEREE

AK ¢ Kk ¢indirgen mikroorganizmalar, anoksik ve kg¢k¢grt a-éséndan z
dokal ortamlarda s¢l fat i1 ndirgen bakteriler
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OH O

Adenine_~° CHZ—O—I!’—O—&—D- “% -ucj

Ke¢kert kndirgenmes o % o
Kaynak]| Metabolikvtee | 1 t | :
oH © O

Adenine O CI-IZ—O—I!’—D—g—O- >

AElemental k ¢ k ¢rt 1 ndi r gen meiscisin (

— , : H
Q olarakH veya =-elitli organik OH
= kullan&l abilir, o
> D n & mat 2
@ ey .
o0 A Desulfuromonas acetoxidans, asetat VvV ey  Paps (Phosphoadenosine 5-phosphosulfate)
= CO 0 yoksitleyerek S indirgenmesiniH S @ u
= olulumuna bakl ar . ATP PP ATP ADP -
‘g i SO ATP aulfurylase aks APS kinase iPE —
. ABut ¢rl elrk IO anamaz - ¢nke¢ A "2 ADPH .
. . . . . . . e =) APS -

gerekli aktivasyon kapasitesinesahip dek i | di r rcuctse NADP* >
 M— AMP PAP o
(aa cox o o
A Ge iﬂﬂta ﬁe‘*

Hz5 Hs5
Exc.r!:t ion Organic sul!ur compounds
I{c}rdsteine, }methic:nina,
D.l'altfsai;nﬂaﬁve ASﬁﬁ:g‘.l‘ati.re
f:duc?ian srv;r-lr.lli::tincnn
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Ke¢kert kndirgen Bapgge
El ektron Tal &Rkma ¢v el
=
—I A Desulfuromonas t ¢ r | er i , s¢l fat i ndirgen bakteriler
O siokrom c6benzer el ektron tal éyécelar 1 -erir.
.g AK¢ Il t ¢hradzee k¢ ke¢ert 1 ndgibenatlt geraeanatkFél el ektro
o0 kul l anabilir eementalk ¢kgkadanuht emel en ana el e
e al ecesedeér . "
) ) . . -
AOksitl epkgptt DbDileli kl erHSwOkeAnighdtdigrgeémesek
D k¢kert i ndirgen ve s¢l fat i ndirgen bakteri|l P
— bakl ayan t emel s¢re-tir =
fa'a) @
A

@)
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Anaerobik Solunumda
DI ker EIAéleTCED -

ADok alakt er i | er bmetaloidovie halojertli ayd da 022
halojensiz or gani k bil el i ki ekeklaoar

A¢Cok az s agn@gelprsetkenl aré bile el m|
kull anabilir ve bu ©°zellik onla |
+0.15

ABuk é semdlmer Dbiri belirli ekol oj

oynayan ve anaerobik s ol unumda kul |l anél an
w w v ) ) T . v - +0.2

alecelarenenl eabcbakeer . el e

+0.3

AMet all erden organi k molek¢l I ere
v v o ') - . +0.4

el ektron al éeécemaeerbaublleaarmadeki de
kol ull ara uyum sakl ayabil mesi ni-ss
+0.75

+0.82
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Succinata

Fumarata

=
s
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:rs

TMAQDMSO

il
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*

Fe+
Benzoate + HCI

Chlorobenzoate

=
(]
[

NO5

£
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rﬂﬂﬂﬂﬂﬂﬂﬂgﬂﬂ (YY)

Proton reduction;
Pyrococcus furiosus,
obligate anasrobe

Carbonate respiration;
acetogenic bactaria,
obligate anasrobes

Sulfur respiration;
facultative asrobes and
obligate anasrobes

Carbonate respiration;
methanogenic Archasa;
obligate anasrobes

Sulfate respiration
{sulfate raduction);

obligate anasrobes

(30, —>-50.% . E, 0.52)

Fumarate respiration;
facultative aerobes

Arsenate respiration;
facultative asrobes and
obligate anasrobes

Trimathylamine oxide’
dimethyl sulfoxide
raspiration;

facultative asrobes

Iron respiration; facultative
asrobss and obligate
anasrobes

Reductive dechlorination;
facultative asrobes and
obligate anasrobas

Mitrata respiration;
facultative asrobes (somsa
reduca MO4 to MH,®)

Solenate respiration;
facultative asrobes

Denitrification;
facultative asrobes

Manganesea respiration;
facultative aerobes

Aerobic respiration;
obligata and
facultative asrobes
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-0.42
-
3

Metal ve Metaloid Re d ¢ ks 1 y™]

Demir ve Manganez g
AFerrik d e mi r )yelanganik iyon (Mn ), anaerobik 02
solunumda en °neml: met al el ekt
yéksek indirgenme potansiyell erg,
vericisiyle ellelebilir. “”
AEl ektronl ar, el ektron ver-maorsi neos
Kkuvveti olulturan bir el ektron

sonundaey&gMn 6¢ I ndirgenen metal
do°n¢l t ¢r erne diekttaahxlt aarrad | € r

ABU s ¢r e-Ftedd yee 1i Mre ®yinirgenir. "
A Shewanella ve Geobacter gibi gram -negatif bakteriler, metal +0.43
red¢ksi yonu yapan °nemli. te¢erl er
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Succinata

Fumarata

=
s
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TMAQDMSO
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Fe+
Benzoate + HCI

Chlorobenzoate

=
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NO5
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ﬂﬂﬂﬂﬂﬂﬂﬂgﬂﬂ (YY)

Proton reduction;
Pyrococcus furiosus,
obligate anasrobe

Carbonate respiration;
acetogenic bactaria,
obligate anasrobes

Sulfur respiration;
facultative asrobes and
obligate anasrobes

Carbonate respiration;
methanogenic Archasa;
obligate anasrobes

Sulfate respiration
{sulfate raduction);

obligate anasrobes

(30, —>-50.% . E, 0.52)

Fumarate respiration;
facultative aerobes

Arsenate respiration;
facultative asrobes and
obligate anasrobes

Trimathylamine oxide’
dimathyl sulfoxide
raspiration;

facultative asrobes

Iron respiration; facultative

asrobss and obligate
anasrobes

Reductive dechlorination;
facultative asrobes and
obligate anasrobas

Mitrata respiration;
facultative asrobes (somsa
reduca MO4 to MH,®)

Solenate respiration;
facultative asrobes

Denitrification;
facultative asrobes

Manganesea respiration;
facultative aerobes

Aerobic respiration;
obligata and
facultative asrobes
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Ha Proton reduction; 7] E‘E
- = -0.42 l C vam'::ccus“fcu"].igns‘:ls, g) 7o)
Di ker «knorgani k= 2o B
y acatogenic bactaria. % i
W v ﬁg’ :bllzamam?.ero-bes ceog
ulfur respiration;
Al écél ar 8iviee Kl ==
CH, Carbonate respiration; 2
o . C. = -
LI ASelenyum, tel |l ¢r v emetlidlee mil e @klsii t | - e St et
(=) bil eli kl eri de bakteriler taraf CSD Tes
o kul l anel abilir. Eﬂ")\ CSM Fumartorsprasr;
© mmm . . . . > . - 1
o0 A Klorat veperklorat i ndi r genmesi yapan bir C’“"“ b
. R - . . - s0* igate anaero g
e toksik bi | el i kl erin dokadan wuzakl!l al=s: o Tinoimammemise ul
= oynar. CWM e b -
L g . . . . . . +0.2 CFQJ gﬁgﬁgmﬁ?mm —
: ABu i ndirgenme s¢re-1lerinin)olupi pi B kO o et @
. -evr issisiteyi by ek °1 -¢de azalter . o Ccmmm cgte oo <
e N @
m ggmeimgﬁmsome a
ABu nedenl e, k| omikftobiyalbii n il i ké eme a1 C. —=E
. - “ Sa04*
2 dokal bir aré&tém mekani.zmasé& ol s Cm Solnateresprtin
> Ny
C b Manganesea respiration;
Mt facultative aerobes ]
oe| (O, SRS

1 facultative asrobes
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Arseni k Redg¢gksi yon
Biyomineralizasyon

A Desulfotomaculum , hem a r s e 11AsQ@ 1€) arsenite
(AsO1) d°n¢lterebil esm¢ heimd
indirgemeyi balaran bir
bakteridir.
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ABu tepkimeler serapmemda
minerali( AsS)o !l ul ur .

TEPE

AAsS ol ul ubigomineralizasyonun vyani
bakteriyel etkinlikl e mi
°rneki dir.,

Dianne K. Newman and Stephen Tay

Bektal

ABuUu s¢re-  hem taksiksbeinli el igkilbdr i n
detoksifikasyonunu sakl ar hem de arseni k 1 -eren
at ék ve yer adiydretmedsaasybnandae n € n
potansiyel uygulamalara sahiptir
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Or gani Kk
Fumarat

A Fumarat , anaerobi k

s o |

E |

-al 8 &l abi bebgaktkr

EO‘O
AFuUumar asti&krms | indrdeamesi, fumarat /s ¢ K si-ndtt i rm |
mas é

indirgenme potansiyelinin0 V dya k € n

FADH veya H oksidasyonuyla k ol ay c a

AFumar abtuém ol ¢, S |
yaneée s é rnetalmlikry-ool k

ol mas ékalyama k| aneér

A Escherichia colid a hi |

kol ul If amdcaedteg&kt ron al

beyeéeyebilir
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I

e uyuml u
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-0.42

-0.37%

=0.27

-0.25
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0.2
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+0.4

+0.43
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Succinata

Fumarata

=
s
e
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:rs

TMAQDMSO
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LY
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Fe+
Benzoate + HCI

Chlorobenzoate

=
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[

NOq™

£
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ﬂﬂﬂﬂﬂﬂﬂﬂgﬂﬂ (YY)

Proton reduction;
Pyrococcus furiosus,
obligate anasrobe

Carbonate respiration;
acetogenic bactaria,
obligate anasrobes

Sulfur respiration;
facultative asrobes and
obligate anasrobes

Carbonate respiration;
methanogenic Archasa;
obligate anasrobes

Sulfate respiration
{sulfate raduction);

obligate anasrobes

(30, —>-50.% . E, 0.52)

Fumarate respiration;
facultative aerobes

Arsenate respiration;
facultative asrobes and
obligate anasrobes

Trimathylamine oxide’
dimethyl sulfoxide
raspiration;

facultative asrobes

Iron respiration; facultative
asrobss and obligate
anasrobes

Reductive dechlorination;
facultative asrobes and
obligate anasrobas

Mitrata respiration;
facultative asrobes (somsa
reduca MO4 to MH,®)

Solenate respiration;
facultative asrobes

Denitrification;
facultative asrobes

Manganesea respiration;
facultative aerobes

Aerobic respiration;
obligata and
facultative asrobes
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S g
- bd el Ha Proton reduction; ] i
-0.42 POCOCECUS fLFIOSUS, S
Organik Elektron Al e c e=C. == |
= §5
TMAO ve DMSO - & == | IR
0 igate anasrobes 9
-0.25 C CHy Eﬂﬂ:{ﬁoﬁgq:g?m;f&m §
. o o o . . igate anasrol
O ADenizbal kl aré&nén bir ¢reneg ol an oz o —— k
Q taraf éndan k utwimetlanine (KMAK imdirgenir. | CSD S
< . . . 5ol (C07 o
= ADMSO I se dokada yaygen Dbir orgawm | “ e It
(o= taraf adimetiba¢eg !l f ¢re (DMS) i ndirgen ‘C‘“"“* e o &
. . . . AsO_,"" igate anaarol £
e i ndi rgenme potansiyeli de yak]|l awos o et 3
> . . . . . . . TMADYDMSO mg':g';embes % :J_J
— A TMAO ve DMSO indirgenmesi, b -tipi sitokromlar i - er e n CFB“ ronrespration sutve |
@ 4 o . . . . +0.2 anaerol —
=3 el ektron talema zincirlerinin s e | G
facultative asrobes and ’ =2
r . . 02 CC|]|GI‘ODEI"IZGEITQ obligats anserobes ==
E‘ ABozul mul deniz ¢reéenlerinin kP° e CNOQ Niwatorespration i
. . ~ < +0.4 acultative asrobes (some
TMAO indirgenmeTsMAyOSldeasng hakbhanér No;  miaNo; o)
Sa0,*
2 wn| (O i
y My o
C b Mmgm respiration;
Mt facultative aerobes ]
H.O Aelfuhic respiration;
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Halojen Or gani k B

A B a zaeaerobik bakteriler,

bilelikleri el ekkturldmnadlrécés é

A¥ r n e Pesufomonile, H veya organik elektron vericilerini
kullanarak k| or o b eberzant@ veeHd C | idderger.

A Dehalobacter ve Dehalococcoidesgibi bakteriler,
gi bi daha aker klorlu
yalnézca klorlu bilelikleri

A Dehalococcoidesay r PCB8 06 Ider i ndi rger ;
uzakl al t ©ksisittymh g e ¢ k °1 - ¢ de

azalt

-0.42

o
Kndi r geDehameapiragyon )

klorobenzoat gibi halojenli organik

=0.27

-0.25

-0.22

o |

tetraklo[oetilen
bil eli kl e

+0.2

el e

+0.3

k1 c

+0.4

ekosi st eml er digoremadasypdnimebkiarni z ma s o
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Succinata

Fumarata

=
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=
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:rs

TMAQDMSO
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*
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anzoate + HCI

Chlorobenzoate

=
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NOq™
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Proton reduction;
Pyrococcus furiosus,
obligate anasrobe

Carbonate respiration;
acetogenic bactaria,
obligate anasrobes

Sulfur respiration;
facultative asrobes and
obligata anasrobes

Carbonate respiration;
methanogenic Archasa;
obligate anasrobes

Sulfate respiration
{sulfate raduction);

obligata anasrobes

(30, —>-50.% . E, 0.52)

Fumarate respiration;
facultative aerobes

Arsenate respiration;
facultative asrobes and
obligate anasrobes

Trimathylamine oxide’
dimathyl sulfoxide
raspiration;

facultative asrobes

Iron respiration; facultative

asrobss and obligate
anaerobes

Reductive dechlorination;
facultative asrobes and
obligate anasrobas

Mitrata respiration;
facultative asrobes (somsa
reduce MOy~ to NH,*)

Solenate respiration;
facultative asrobes

Denitrification;
facultative asrobes

Manganesea respiration;
facultative aerobes

Aerobic respiration;
obligata and
facultative asrobes
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Proton Re d ¢ k s |
roton Red ¢ ksi yonu:
P. furiosus 0 uBenzersiz Solunumu

, | =

N A Pyrococcusfuriosus, el ektron al &cé& ™™ " s |

o protonlaré kuCdamamcyeydn! lG'V“'YS'S B momorane.

'; hipertermofildir . TPC 3 =% - Hycrogensse

P ABu canl &, | ek peptitlesir elektren k¢-‘3PGAFd°’ \
vericisi olarak kullaneéer e E di ]

S ortaya -ékgansigke- e 'rdei 5 o

= y ¥ a g ¢ o 3 : g

g A P. furiosus glikolizinde , 1,3-bisfosfogliserat pmp' 2 : _

p ol ulturan basam@bKoglsdrat an&r eymwae S - SR @

— dokrudan sentezlenir; bu | |[”F% 0 . a <

faa) substrat d ¢ z e y fosfalilasyonla ATP ¢ r et i | e - 7 e

ADP ADP -

& AAncak bu basamakén atl anm, t}?p;ﬁ,* s I 1
ferredoksinin NADH yerine ol ul ma ghetate . -
ferredoksinin - ok daha OdOedekBbugi _ g
HOoyiendi rgenmesi yle proton pompal amayeé m¢ mkyg

k él ar
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P.furlosuso tEan er | | r et
Proton Pompalama

A Ferredoksinin E ©
-1 ftine g

d e B0e4R V), NAD /NADH " 2
‘e daha feregakdini f = |
0]

AHidrogenazt ar af endan ger - el | X
pompal ama, diker sol unuml  } 5
taleyecelarénén yapteke pI™_ ., / = o ;
bir mekanizma ile -aleler lC.m ;e '
Pyruvate 2 ” 'l
A P. furiosus, ener j i gereksini mi | KFd;; X ‘] :
fosfoenol piirrgweatssda-@oAodan [ -~ e -
asetata ge- i | | esubstrat dg¢ezre-yeikn lCAgP ADP e (R —
fosforilasyonlarla kar | €l ar ATP ATP

Acetate Fa 1 ATPase

AB° y | e dipertérmofil , benzersiz glikoliz
modi fi kasyonl|l aré ve prot
anaerobi k kolullarda ATP
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C,Met abol I z ma steerre ne

ACO,veCH,gi bi tek karbonl u bi | @nbksik drtanmlarda b ol bu

Microorganisms, 15. Ed.

bi r mikrkorganizma, bu bi |l el i k1l er | Il ndirgeme ya da
enerj i kazanér .

ACimet abol i zmas én danzimatk reakdiyantar blo argagizmalara

©z9g¢ ol up enerji metabolizmal arenda ayeéert

TEPE

ABukeserhdaa kl e te¢erl emee apdt izenas€@nen
ve farkl el ekl ar & b ¢éatl ¢gmcagcla kiriérr .bakeél |l a el e
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Asetogenez ve Enerji
Met abol I zZ¥nzaestein € n

A Asetojenler ve metanojenler ,CO,0yi el ek HOOS + Ry, 2HCO +H
al 8cé&sé& ol ar akaerdbul | anan ‘)4 'S\.

. . g °
mikroorganizma grubudur ve enerji | CHy s . T
met abol i zmal ar e€n e ryandakin e 3 H,0 motive force (plus CHy—C—0-
figegrde sunul mul tur . phosphorylation +4 H0

Methanogenesis for acetogens) Acetogenesis
] . Lo (AGY = -136 kJ) ‘T, (AGY = -105 kJ)
AHer 1 ki s ¢ temel ¢lektronl eeridisi A
olup, proton (H *) veya sodyum (Na*)
pompal ayan i1 yon pompal aré enerji

korunumunun merkezindeyer al er

A Asetogenezy ol unda asubstatc a bi r
d¢ z ey fosfaldilasyon basamake il e ek enerji
Korunumu sakl|l aneéer
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Asetojenlerin Reaksiyonu ve
Elektron Vericileri
.§
. A Asetojenler, CO,i ndi rgeme yobluwl auaset at &
AH,+H*+2HCOb CJ00°+4H,0 tepkimesini ger-eklelt
AH,d &1 émethmol, met ok si lalreommaitli k bil elikler, [ eker
asitler, amino asitler, al kol Vedcsi olamk baz é az

kull anél abilir.

A ¢ o kasetojen nitratve t i os ¢dlaf aitnedi r ger ancak ekol ojiKk
°neml i r e akimglirggne goluduo .
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Re d ¢ KAsetl {CoA Yolu:
AsetogenezdeB1 r | e ISt ir ei- c |

A Asetojenlerin or t ak n o kdyais ¢
asetat a d°redlsthgetl €nA
yolunu ( WooddLjungdahl yolu)
kul |l anmal areder .
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CoFeSP
Ho ADP - P NADH NADH
!2H+ ATP P NAD* !NAD+
cO, Formateg CHO s CH CH, CH ey C‘Ha
\@3 @ @ @3} CoresP
Fd?,

@ = CH;—C~S—CoA
red

3H: 5 o
) = g15Fd g ° Acetyl-CoA
ox
6 H* l ) ]
- cO, cO l(ADP X5 P‘
(1} NAD* o ATP

1.5 NADH i I
0.5 Fd%4 0.5 NAD* appap  ATP CH;—C—0
0.5NADH ADP+F; Acetate

ABu yolun reaksiyonl
b a znikroorganizmalar ay né vy ol
asetate oksitl emek
kul l.aneéer
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Dr .

Net: 4 Ho + H + 2 HCO3~ —— Acetate + 4 Ho0 + 0.3 ATP
AG"=-105kJ
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Asetojenlerin ¢ 1 ft Yal am T
Fermentasyon ve Ototrofi

A Acetobacterium woodii ve Clostridium aceticum, glukozu fermente ederek ya
da CO,0 y I, ilekhdirgeyerek as et at ¢retebil en organi zmal a

Brock Biology of

Microorganisms, 15. Ed.
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A Glukoz fermantasyonu (reaksiyon A) ve CO , indirgenmesi (reaksiyon B)
s¢re-lerinin her 1 kisinde de tek son ¢r ¢n

A Bu iki metabolik strateji, asetojenlerin hem organik maddeleri kullanabilen
hem de tamamen inorganik kaynaklara dayanabilen esnek
mikroorganizmalar ol dukunu .g°sterir
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Glukozdan As et at |(va et |
CO,D°n¢l ¢ mg

AGlukozla b ¢y ¢ me s eéasedoge@en dlakozu glikoliz yoluyla iki pi r ¢ vat a
ve 1 ki NADH mol ek¢l ¢ne done¢gl tegr ¢r .
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AP1 r ¢ dabhatsonraiki asetat, CO ,ve NADH ¢retmek ¢zere oksi
basamakta a- &k ad< @detd-£oAg@unda terminal elektron
al ecésée ol arak kull anél éer.

TEPE

A Glikoliz vep i r ¢oaksidasyonunda ol ul an N A DHndirgenmesiDd2
elektron vericisi ol ar ak dekerl endirilir

Bektal

Dr .

Bektas Tepe
gezimania_tr



Pir¢vatstedrmt a Genel g
veYolunEsnekl I ki
=
O AI?irg,vabtatialrayarak genkilr gPeatt sHyBnNnS+Hdset at
O | ekl inde °zetlenebilir.
o= ]
= AEner ji met abolizmaséyla i1 lilkilendirilebile
(o= pozitif bakterilerde , © z e(ldstridkuin eve Acetobacteriumt ¢ r | er i nde
S ger ¢l er. -
= . o | o -
.= ARe d ¢ kasetil {CoOAyolunuCO,0yi i ndirgemek i -in kullanan
D ar as éototdobk s ¢ |1 f at | n dnamngoe Ibakterileri ve metanojenler P
— bulunur. =
(aa . . . o .t g
A B a zmgkroorganizmalar i se ayné yolu ters y°ngee-al elt _
A oksitleyebilir ve nmetabolhkoak- éydPann ¢slosnk dyeorleuc e e s E
kel ar
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Red¢ KAsetl f{COAYol u: D° ngy¢
Olmayan Bir Sabitleme Me kani z ma

ARe d ¢ kasetil f{CoOAy ol u, di ke

-
o
>
D

o

e

m

X
O
o
p—

m

el
LU
o)
i
0
=
2
(=
@©
(@]
=
(]
(@)
=
2
=

ototrofik CO, fiksasyony ol | ar én

farkl é& ol arak d°ngy¢ " CoresP
. ; ‘o ATP ADP+P, NADSAD* TN

d O l’< r u S a I k 0 I C’ Z e r I n COQhFrmae¥CHO—CH CH hCH—CH

5

) CHCSCQA

A Yolun metil kolunda bir CO ,mo | e k |

TEPE

asetatén metil grub )v(-* Lﬁ“ oo
karbonil kolumdaedi =5 oo I _
asetateén karbonil g e X + B ©
A Bu iki tek karbonlu birim daha sonra o
birl el tasetli-Coholek!| t ur .
. . - Net: 4 Ho + H + 2 HCO3~ —— Acetate + 4 Ho0 + 0.3 ATP 5
AYol daki bu birl el me v
yandaki fige¢rde glPsteri Il miltir.,
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CODehi dr ogReonlegz € n

Karbonil Karbonun K° ke n |

A Yola ait kilit enzim olan CO
dehidrogenaz,Ni,Znve Fe 1| - e
enzimdir ve CO 2o ni pnle H

Brock Biology of

Microorganisms, 15. Ed.

C FeSP

Ho NADH NADH
24+ ATP ADP=P, NAD*
Indlrgenerek C OO w a n c | me S I n COQhFormate¥CHO—CH CH hCH—CH
katalizler. \@ > j GoresP
L
o
Alretilen CO, asetat :Hb@cwm LLGE|'W -
karbonuna d 0 n é | é r . 1.5 Fdo cO, co l(ADP+P‘
QNAD* = ATP

1.5 NADH I
0.5 Fd* oy 0.5 NAD* CH;—C—0~
0.5 NADH ADP +P;

AAsetat én met i LOngirnubt
dizi reaksiyonla indirgenmesiyle
ol ulur ve bu reaksi .
tetrahidrofolat © n e ml | bi r r ——————_—

Net: 4 Ho+ H*+ 2 HCOg3
AGY=-105 kJ
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AOl ul an me ttatrahidrgfolaitanu
CoFeSP a d kogrinoid demirok ¢ k ¢ r t
proteinine aktareéel eér
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Brock Biology of

Microorganisms, 15. Ed.

Asetll -COAO| ul umu Vengel T
T AYounson al amasé&nda m
O dehidrogenaz ve asetil-COAs ent az
o birlikte y¢reéegttekye - cm
= birl ebsetit-€@ddol ui turur /4 hg_ v lw [
(aa B @5} G
e AAseti-CoAdasatata d°ng¢ . "
I ; i ey @ _15F o w
E\ glrdsgbr?]téatd C(!:;. (F z e y fosfadilasyon ) iy ) LL e -
= A I o
ABu adémda bir ATP o ' + Wi e <
aa) adéménda bu ATP tek N_ . Fef= E
harcandekendan net
A Bu nedenle, asetojenlerin ATP ¢ r e
asetil-CoAy ol undan dekil , 1 yon
s¢r ¢ ki ey¢|roe|t lgng -nden

kaynak.l aneéer
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Asetojenlerde K 'y &g, r ¢ K| ey |
Kuvwvetin Ol ul t ur ul mas e

A Acetobacterium woodii gibi asetojenlerde
lyons ¢ r ¢ K Ikeuyvivceit , I ndi |
ferredoksin leNAD*ar asénda e
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lo

g transferi yapan Rnf kompleksi. o agp aoeen MR D ”"SF'
o = taraféndan ol ul turul cozlLFo,matequ%;,_CH cH, LL%_CH
m CoFeSP
3 A Rnf kompleksi, her bir elektron \ j Y

. . + . BT 4 CHg— c S—CoA
— transferinde bir Na*i yonunu h¢ 5% Csm . Acetyl-GoA -
— dél ena pompalsgyakaly 15 Fy cogl.am K:DM
e kuvvet yaratér. (S Noare -

1.5 NADH I
0.5 Fd* oy 0.5 NAD* _ CH;—C—0" ;
T ABu Na*s ¢ r ¢ k Ikevyet, Na*-b a k & m open R ”
(aa) ATP sentazt ar af E&ndan ATP o Clll 2
kul l anel er . o
A Net: 4 Hg +H*+ 2HCO35 — Acetate + 4 Ho0 + 0.3 ATP
A B a zasetojenlerde ( ° r n €lpstridium

ljungdahlii ) Rnf kompleksi Na* yerine H*
pompalar ve tipik birH *-bakéml & ATP

sentaz bulunur .
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Enerji Korunumunun Verimi ve
Minimalist Metabolizma
é
T A Asetojenler , metabolk s ¢ re-1 erinde ol duk- a del ¢k bir
O -al él epilex€0,8nHN t ¢ketil mesi bal éna yalnezc
o kazanérl ar .
i ,
(o= ABu d¢ | ¢ k asetejanlermenerji korunumunda son derece minimalist
S organi zmal ar h©line getirir., .
== -
AEner j i creti mi bsgyre Kk Ikduywiyogie i inyoer i ml i kul | & 5
D dayanér . =
E‘ ABudurum, asetojenlerin zor |l u -evresel kolullarda bile E;
saklayan °neml. b.ir adaptasyondur |
A o
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di
| potansiye, H,0 ni n i ndi rgem

nsiyelinden(-0. 414 V) daha ¢ '
ifenredoksinin H, ile indirgenmesi -
rmodinamik ol arak el ve 2y

AK N r g temenokdinin s ahi p G(] 48 u k jr—
V6 i e -
3 d (=
I -

t e

i . s M. 4o N
ABuengel, elektron ayr él anh& éveril el °"”“D i
mekanizmaile al él ér . At ‘

TEPE
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AElektron ay r & | ma feréedodisinin  endergonik “~~(\NAD+

indirgenmesi, NAD *@ MmN A D H &kzergonik
i ndirgenmesi ile ellelt]i cuch
s¢erder el ¢r.
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el ektron
potansiyelli NAD
aktaran flavin i - r
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Elektron Ay r e | maSsoennue-n a
Anaeroblarda ¥ n e mi

AElektron ay r & | matspkam 2t , okside -
edilerek bir Fd %4 ve bir NADH elde edilir. g\/

Fd% req

ABu mekani zma, banaeroluki Zoi 27

duyduku i n derredgkeim @ir let me s i 2%

sakl ar . —o.414> ------- te N FAE)A.
A¥ z e | | ditdkrore j - e r megtanojenlerde o S

ener ji kor daviotemellielektron NAD*

ayr el kntkdbierol oynar. (\_mv

7 . . NADH

ABu s¢amreaegr oldigdre&kn ener j i KUI Ut 1 ail gi1ud

bile metabolik i | | ev] er i ni s¢rderebil mel eri ne

I mk©n .t anér
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ACO,0 ni jileiHdirgenerek CH e dong¢l t ¢r§
metanogenezde temel yol olup anaerobik solunumun
bir bi -1 mini temsil eder

Metanogenez:
Temel Tanem v e ONamlarg e n g
é
o= AMetan ol ul umunun biyolojik ol e
O metanogenezo | ar ak adl andér &l ér n
g zorunlu anaerob Archaeat ar af éndan yg¢r
E AMetanojenler t at | € s u -dg%regllcéerr.i n (.
‘;, ABu organizmal ar ayreéeca kan u "
| — -¢re¢téegcelbetbntereakverseéecd :
D hayvan!|l arén, insanlar da d e , I
— bakérsaklaréenda bul unur <
on o
A

@)

,..
John A. Breznak
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1. Coenzymes that function as C, carriers, plus Fyg ;-luf— § UH)_
HsN—CHy, = ﬁ' GHe _zg
Metanogenezin Elektron R @ S g S e 1
v v Methanofuran oo m >
GereksinimiveC ,Tal éyéc - oo .
Middlo i B i OH MO _?_ G é
steps HN | TCH, G0 g © ';O_
4 ACO0 d €H, 0 | ul umu t opINam S ZJ:NIIW
Q gerektirir ve kat¥rdbdoen a' o
o I 1l erl eyen ara i1 ndirgeni
= HNOC —H,C
G mesTe . . .
(o= ABuUu s¢re-te yekoenzanleaiki © z s
e senefa ayreler ve il k ¢ = waols o
E\ birimini ;tal ekyarndedir . " oo s -
ic) d)
D AMetanofuran , yapée dugan thak ik a s € commmonvoimsionsssocron g o e P
. amino azotu sayesinde CO,0 ni n bakl 8 WGt~ m—{{o—&—%—wi: <
) gereken ilk basamalBga »@;;j;w L :
’ b
A A Metanopterin isefolik asi di andé&r a L 400
C,biriminin ara basamak : Fe
sakl ar tveet rraH i¢sd beazerdR iag ¢§ HDJQJ&N;OM o
D). ey ot-ov-otoio oy L gi Bio o
Coenzyme F Coenzyme B (CoB)
fa) m
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S
S B k K - | - 1. Coenzymes that function as C, carriers, plus Fyg ;I-ID:T g UH)F
mn w
HaN—CH g GHe x E
On asama OenZIm erl Earty ’ = —CH-J—O—< :)—Cl-ln—d-lg[—NH—g—Cl-lﬂ—CHg— Hh—l O 0
e It.-'lmjmricnf}a:_> EDUE’-‘CO' C% %
ve F4R®DO yn i
iH EH_Q_CHJ_W%_C%_D OHDHO 1 t:m" S
. . = L st :
4 A Koenzim M (CoM), metanogenezde metil KA
= grubununCH ,6 e i ndirgenmesir oo
o son basamak i -1iFmngzor ecnl oo
@ mesmon . . w w .
(o= ANi kel tetrapimleynapeéesendaki s
e koenzimi,C,;t al eyéecese ol mam _ HS_CHr%jJLg o
== basamakta g°reaewdalkamzm™ e oorzyms o -
= kompl eksinin bFirgdi la&i _—°
o = I1. Coenzymes that function as elsctron donors (_6
~ E|)H CIJH CllH CH, O coor -
. A Bu basamakta F 5, CH;-Co MO den met Hﬁ—cH—m—cH—m—c{—o—&—%—wi: <
on grubunu alarak Ni 8CH ; ara kompleksini ‘*@’\JQ’; . i o
ol ul turur . . b
A . | ot oo Hilgﬂcocr
A Bu ara kompleks, daha sonra indirgenerek ’ i
CH,ol ul umunu ballatan k /C'Lfﬁw R
temelini .olulturur SR I Wy i
Coenzyme F Coenzyme B (CoB)
fa) M
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Ccoor
Redoks Koenzimleri : = : ¥
. 0 &, 0 o
m HQN—CH@_C&_OQ_CHE_WQ[—NH—H—CWCHQ—EE;—? g é
Methanofuran oo m ©
F,.o ve CoB o :
420 - 0w Hzp—@—cw—waﬂ,—cw—o OHDHO . L é
. steps HN)I IW:‘CHa CHm0—P—0 go—
¢ A F 450 Ve CoB (7-merkaptopentanoyltreonin fosfat) h Sy v
metanogenezde elektron veren koenzimlerdir ve e
bu rol |l eri hkoenzimleres & re & fo & rz
yverleltirir
A F40 F MN O peazeyen bir flavin t ¢ r evi di
COi ndirgenmesinin -elitl , wowlo o
el ektron verici oFli agro)a k ec ™ e -

fc)

—
=
(=)
i
(==
(1" ]
—
(o
|
e
A

AFp0nin oksitl e NN G @ 6 & K M U 1 commmon tm tmcion s ctocrondoner
Kk

_ g P
absorbe eder ve mavi-y e Iflorésansy ay d € Kk ¢ D o I R 0 O ool -
metanojenlerin mi kr oskobi k taneée ) N, iaﬂ o
Kul lan&labilir. LR e ¢ -

. "
|
ACoB, metil r e d ¢ kktoamrep | ek si ni n - i‘”
gereken el ektronlare sak ’ i
pantotenik aside benzeyen bir koenzimdir (Fi g . o A .
f). %”” - B0~ OO O o Ot 0— 0
o GO0 o
Coenzyme F Coenzyme B (CoB)

fa) m
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S35
- . 5
o -
CO, + H, ile Metanogenez:
2 2 35
o ¢
GenelS¢r e
& g
é
~ . ~ . . coO
e A Metanogenezde CO,60 n Ch,6 e 1 ndirgenmnm  o----m-mn-oe Jw e
) elektronlar genellikleH ,6den sakl anér ” om0 Coztotormy
o metanojenlerde f ar kIl € el ektron ke | 7T MG Fomy
e kullané&l abilir. ; Cowe e
m ' : ﬁ n?:tT}]nI etr-%e and
. ~ . w ' : MP—C—H  then methy
5 AYandaki CO0gignt,ad af &ndan : oy ) w
! indirgenmesiyle ilerleyen metanogenez e G np. w
g basamakl|l areneée ayrentele o ! MPCH, Methyiens Hy g
o Fldm ] ' L Fa20 red j) ©
. ec:'ggtr:onsee' N 420 ox -
— ABu yol akt a ifemretoksirg, @QO{IGON/I CoB QH;\EEUE;?Q ; I <
on veI Fiz0g 1 DI koerzimlerlsié r al & ol ar CoM-SH——— Moty tasisss o
a er . l
CoM-S —CHjy
A . . . . HS-CoB Methg!;:gu;tas&
AS¢re-, hem enerji ¢retimi o
koenzimlerin s ¢ r ekl i yeniden d°n CoM-5-5-CoB reduced 1o
h¢cresel dongeéenegn sérdeér ¢ ougrend CH Methane

kuruludur
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Basamak 1: CO.0n1 n Akt 1 v
Formil D¢ z eykinndel r g e n me

Brock Biology of

Microorganisms, 15. Ed.

CO,

TN AK | &kd € md g, mE€t&ofuran i - er en bir e v o
o taraféndan bakl anafoamid akt om0 Coztotormy
O d¢zeyine indirgenirtr : o7 MF—G—H Fomy
= : ' MP Reduction of
S . . . . 1 ' ) r;arlmlc I?—:n °
on ABu i ndir g me i-in elektr : R methviene ang e
. ! —L— hen methyl
&S potansi ye 4\)yodaak feraetioksinden : o ’_met = j>2 .
e sakl anér : T G -
: E : MP=CH, Methylene Fazoox Ha a
e AYandak.i fbasamakta fernedoksinin fa. : L Fizo e J) P
<4 H H (0] ‘ ecl:'::lr:onsee' N 420 ox -
konumunu a-¢€ek bi-imde g°s, » o . Devary F <
Q@ v==m andtexl} ()
(aa) m
A

o . COM SH—-—-—.\ Methyl transferase Na* motive force
ABu adem, k ar b o n oksidagyanh a d ¢ -
basamakl|l aréna ilerleyebil R T l gi
er

a
S F 3y complex ATP
basamaked
Methyl group
CoM-5-5-CoB reduced to
methane

CoM-CoB and CH 4 Methane
Bektas Tepe
gezimania_tr
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S
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[ | o
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Basamak 2:
Vd 8,9
[ ] I [ ] . [ ] I . I CE§
Metanopterin | z er | D enkgil ¢ m
é
T A Formil grubu metanofurandan metanopterin i - er  ---eeeecaaa- coz
e —a . . g o o p qu: : "y MF Reduction of
(o= birenzime akt ar él ér : o ooy
o 1 - : '*‘ - MF—(lé—H Formyl
=D ABu formil gr ub u dehd@atasyona ukr ar |, : : . Reduction of
on ardéndan i ki ayré indirge : D metiene and
. 1 —L— hen methyl
5 ve daha sonra metil d¢gzey | o i eI u
) : i Hzo#:mrw F ) E
| — ABu basamakl arén el ektron : : BB, Vetvee  h
e Fop0dir ve toplamda d°rt hi g : L Fizo e J) =
O%  Electron
‘ Erf‘urcailon (see ' N Fa90 ox ;
E ABu d°n¢l ¢mler, metil grub’ M Sy s Mt v
aktarél maséna haz.érl ék ni = Na" motive force
CoM-S —CHjg l
A HS-CoB y&hgloﬁll.l;tas& ATP
Methyl group
CoM-S-5-CoB reduced to

{Zo.l\_-’_l—{i_rljB an.-?i _ CH 4 Methane
ferredoxin cycling
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Basamak 3:
[ om g
. v g2
)
Metil Grubunun Co M&A& t ar e |l BN
é
. . o v v CO
AMetil grubu metil transferaz ar acel ekeyl &  ----------os |
metanopterinden CoMi - er eeann Dii me a.kt '~ ,IOCHEO €0, to formy!
. . . : '*‘ : MF—(lé—H Formyl
ABu t epki elzergbnikkr-vae h ¢ cr e Na i | ’ o T
pompal anmaséyl a enerji d° . :  ethylene and a
; : MP—C—H  then methyl ;‘2 w
. . o o 1 e o
AYandaki méti ttapsferaz basamak éné | Pl Gl ) u
v 19 1% . . i ] 2 420 ox =
konumunu ayrentele bi-imd . : -, Metine FH2 .
3 o . : —— D) E
ABu adem;CoMe@ltallumuyl a met al | e N Fasoor -
T o . o 2 Hy ™™ 25;;;;‘43 MP —CHg Methyl
ball amasena zemin hazerl a : o

CoM- SH—-_.._\ Methyl transferase
— Na* motive force
CoM-S —CHj l
H5-CoB Methyl reductase—
F 3y complex ATP
Methyl group
CoM-5-5-CoB reduced to

methane

CoM-CoB and CH . Methane
ferredoxin cycling 4
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Basamak 4:
35
Metil -C o M0 Mat d i
— S
eti 0 MO anakndir geng
é
; . ] . ~ CO
o — AMetil -CoM, metil r e d ¢ ketnazzi mi t ar gdea  ,----------o- X P
) indirgenir ve bu basamakta F 3, ile CoB birlikte .~ oo coptotom
: gerey yapar : '*"' MF —C—H Formyi
@ mecme . . E : MP =, Re.r_ru.cltio_n of
on AF430CH-CoM8den metil gNi@d®HyntL : : R methviene ang
. . 1 ! —e— hen methyl
S ara kompleksini olulturur | o i ST He o
> : :.re HEO#: 420 red ) L
= ACoBbu ara kompl eksi indirg . : et -
‘=3 CH,ile CoM3Sii S8CoBd i s ¢ Kkompleksi ortaya o : 4 e
_ é k a r ‘ E:'f:ﬁl.lcrggtr:on (see I N F420 ox v
@ == ) 2 Hy ™ Z'r?d“;;‘tf% MP —CHj Methyl i
: : CoM-SH = | Methyl transferase Na* motive f m
AYandaki bbii ger mi na koereithlérimeé e e
A etkilelimini g°stermekted e e l
F 43 complex ATP
Methyl group
s w:‘
i‘;or[r‘l_c{i:fo S narcjy:j ling CH4Methane
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Basamak 5:
CoMveCo BO Yeniden;, r et | |

CO,

Brock Biology of

Microorganisms, 15. Ed.

TN A Serbest CoM ve CoB, CoMaSA SoCoBd i s ¢ | f i L--mmmmmmeees v o
- i ndirgenmesiyle yeniden k 7 ,IOCHEO €0, to formy!
(=) o ] o Lo : 'a" MF—(lé—HFormyf
.2 A Bu indirgenme, flavin temelli bir elektron ayr el 1 | ’ - S
on tepki mesiyle ger-ekl eH,odi : Q  etnyiene and
: : MP—C—H  then methyl Hy w
('U ~ : : : Fd req Fa20 red < a
— ACoMoSnh SoCoBowg ksek indirgenr | S b D "
H H ! i ? 420 ox =
 o— ferredoksinin i ndi rgenmesi ni sakl : MPGH, Methyiens F .
D m¢ mKk ¢ n kél ar fa : [ Fizo e ’) P
‘ E:'f:ﬁl.lcrggtr:on (see I N F420 ox =
=5 . . .. 2 Hy ™ a'rf'“;;‘tm MP —CHj Methyl =
b Ak ndi r dferredeksin , yolaktakiilk basamak olan i o
A

. ! CoM-SH e — Methyl transferase Na* tive f
CO,aktivasyonunda t.ekrar k a* motive force
CoM-S —CHjg l
HS-CoB Methyl reductase—

F 3y complex ATP
Methyl group
CoM-5-5-CoB reduced to
methane

CoM-CoB and CH . Methane
ferredoxin cycling 4
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S e
Ol ul umu
.§
o= A Metanojenler , metanol ve asetat gibi met i | | e B T e
o bil eli kl er dteGOOyWa&Hd a H e
o (’ re t € b | I me k t € d L r. CHy—MP Generation of Utilization of CHy—CoM
> ] o ) ) o K r'E;iu::_ing_pO'-.-‘Je_r redu::_incjlpo'w.-'er H, Proton
E A Methanosarcina gibimet i | | Binlme Il i k1 ¢ 4H by oxidauonof | toreduce motive
azaltan metanojenler, y al n & €@ &ulladan MF*' o methane } N
(1= metanojenlerden f ar k| € sitoKroanlara k MF_[”;\ 4 ATP o
: - Sahlptlr. K ; : Methanogenesis =
. : . o co, -
i AMetanol, meti | gr @koiiroidéné C ZH\t ©
— ol ul t komirroid k o f a k bhiPendime E_C‘*{;‘g:“gmm“ <
on aktararak katabolize edilir. . o
0] CoA o}
. . - ~ Il Il
A A CH okorrinoid t ar af €odMdgy ket ar el a GHq— G—GODH| —> CHe— G ~ 5-CoA
grubuCH 6Co MoGoyliul t urur ve bu Formation of acetyl- - lth _
yandaki d°% gteardiel di ki g I b CoA for biosynthess L
a l

(a) Methanol to CHy

Il ndi rgenmesinin termin
mekanlzmayla me t a n a d (0] n 6 | t (J r (J I 4 CH;OH— 3 CH, + CO, +2 H,O AGY=-321kJ
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Me t a n dksglasyonu ve Ters
Y ° n dMetanogenezBa s a ma k |

MP H,OH CoM

2 A \.

AH bul unmadekénda ter mi nal

el ektronl ar e nseatkal nadmiagkn k e . [
CO 6 yOKSIﬂenlr CHs—MP Gc—ner:ation of I.Jtilizqtion of
r.4 n by oxidationof | toreduce
A Bu oksidasyon, metanogenezint er si ne - &y fienee methanolto
basamakl|l arégegreekheéntr ;'_’E
™
AB°yl ece ter minal i ndirge 2H
el ektron akélé s¢rder el e,
H dehydrogenase (CODH)
A Metanol oksidasyonu bu nedenle hem enerii - —
dengesi hem de metil gru 0 Co

kritik rol oynar

CH—CoM
€T H, Proton
motive
fcr‘ie
ATP
CH,

Methanogenesis

O

I
CH;— C—CODH ;’ CHy— C ~ 5-CoA

Formation of acetyl-
CoA for biosynthesis

(a) Methanol to CHy

l

Biosynthesis

4 CHsOH—>3 CH, + CO, +2 H,0 AGY=-321kJ
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Asetattan Metan oo
’ ATP ~|>EDA Acetate x E
activation CED <
Ol ul umu ;
CHy — &s—cm—l- | S
- A Asetat substrat o | d u k u n daaetil?CocAed y a co Biosynthesis
aktifleltiriliasetivCeA yolunde C@ d{;“‘-"d’“ge“m‘m”“
dehidrogenazileet ki | el i r [
CHs—C—CODH
k
I

AAs et at én mkotrinoid mzuibme akt a i
u e ]:E—CDDHACHB

—_—
=
o=
i
(=) 5
CH okorrinoid o | ur o "
2, | o wo P oo :
= A Bu metil grubu dahasonra CoMar acel e t el Hy
D basamaka gi r enetan&genea yblunua igler. CO, CHs—CoM P
. . _, Proton <
E AAyne anda asetatén CO ga ub mofive o
elektron ¢ r et i r |
A *L;:H‘ATP

Methanogenesis

(b) Acetate to CH,

Acetate + H* — CO, + CH, AGY=-37 kJ
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Metanojenlerde Ototrofi ve
Asetil -CoA Yolu

A Metanojenlerde ototrofi, i ndi r g asetimCoAy ol u t araf é&ndan dest

-
o
>
D

o

e

m

X
O
o
p—

m

Microorganisms, 15. Ed.

A Metanol v e

aset at katabolizmasénén bazé basamak
durumdadeéer

A Ancak metanojenler , asetil -CoA yolundaki tetrahidrofolat -ar acel € met i |
grubu olulturma badarkakldamréna sahip

TEPE
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ABu eksi kl i k ©°ne mmetandienlerinmedtiirl -gérnukpel ar énée dok
elektron vericilerindenyadaH + CO 0 d enatanogenezs ér asénda. ¢reteb
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Ototrofik B¢y ¢ mede Kar bo
ve Asetat Sentezi

Brock Biology of

Microorganisms, 15. Ed.

@)

T A Metanojenlerin ¢ r et t i ki asetattaki kar boni | gr ubu,

O dehidrogenaz a kt i vi tesi yl e sakl anér .

o=

= AAsetat sentezinin dse&tagenierdekd balsasmamakdenzer

(o= | eki |l de ger-eklelir.

‘;, AMet i | gr unetarmjenterteemo | b ul biyposeateza ,- i n bir keésmeé o

g kullané&l masé&né sorun ol maktan -&karér. -
AB°y | e@atrefik b,y ¢ mede karbon aké&l & d¢gzenli ve e =

E bir | ekilde s¢rder ol ¢r o

A
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H + CO 0 d &atanogenezin Enerjl
35
= = °c
Verimi
é
, . . co
gmm AStandart k ol ul | a+ QDa dHmetanogenezin EELEELEERLES |
~ 4 . . Fdo, (= uc_lon.o”
- serbest ene+13lkd/ndoelkd.d ¢irmi ' ,IOCHQO €Oz to formy!
o . o : '*" MF—(lé—H Formyl
=D A Enerji korunumu, substrata ba k|l € ol ar ak | ’ . Reduction of
on da sodyum motor kuvvet ¢ zer i nden ger - : R methviene ang
. ! —L— hen methyl
&S substrat d ¢ z e y fosfadilasyon bu s ¢re-te | . i S Y
= bulunmaz. : T G ) -
: ; E : MP=CH, Methylene Fazoox Ha a
e AH +COO0denet an ol ultuMBadanA fa. : L Fizo e J) P
— CoMomet i | transferi sérastg, X gg:;f::?gee: . vy Faooc” | <
on motor kuvvet yoluyla sentezlenir. CONSH——| v e motive fore ©
A A Bu sodyum_ motor kuvvet daha sonra Na /H scen o ,Ff;:;mm l
deki I i miyinaorkuwete ohnelt or ¢ e
net ATPverimiCH bal éna yakl.al &k CoM-5-5-CoB reduced to
i‘;or[r‘l_c{i:fo S narcjy:j ling CH4Methane
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A Bu basamakta Co Bo GH ®#CoMi | e et ki
CH ve CoMdSih S6CoBh et er o d¢jrs¢en ¢f n
ol ul turur.
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Methanosarcina 0 drRaar k1 e En g&
" v §.§
Korunumu Me kani zmase
gmm A Methanosarcina gibi hem asetat hem metanol ]
o hemdeH +CO kullanabilen metanojenlerde , O-CosHles
= metil transferaz b a s a ma k € nsomrdkyvueltn ﬁ :i;
— cretmedi ki nden enerji B SR A Ve
. MPH red
E bi -1 mde ger-eklellr. 2
1) A Asetat ve metanolde enerji korunumu, metil - generates 3 proton E
E‘ redg¢ k tgél zr éerv raeltadogelnﬂln terminal i -
.= basamak &yl &ilidir.
E
A

Dr .

AEldeedilen het er od¢grs¢gentfirtaf é nc
indirgenerek CoMASH ve CoBASH yeniden
kazanél ér ve Yyandaghdti egeh arr  arp N FSEES + 2 oh
gbiH pompal amaséyl.a ell el p
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El ektron HEk elre® dv & ¢
Red¢ Kkt az

AHet erodi esgd Kittarrzaf eéndan vy Y asy B

. . . . H N‘ \ O_CQSH43
indirgenme ekzergoniktir ve membran boyunca j:j[ :i;[
Htal 8nmaskinar & >
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A Elektronlar, HO ddédmt er odriesdi¢) Kitiaz
d o k metanofenazin a d mémbrana b a k | & generates a proton
el ektron taleyeécése ¢zer

motive force.

TEPE

A Metanofenazin F t ar af éndan 1 ndi:
ar deéndipirsitoromt ar af éndan o
sitokrom h et er o driesds¢ kf elekizoa
baké&ll ar
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A Sitokromlar ve metanofenazin y al n é z+C®
kullanan metanojenlerde bulunmaz ve bu i e
organizmalar CoMASH ile CoBdS H 0 glektron

ay r & reakaiyonuyla yeniler
Bektas Tepe
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Metanojenlerde Kk ki Temel HHif
Korunumu Yolu

. A Metanojenlerde e ner | | korunumu 1 ki farkl e mekani zm i
ger -ekl el ir.

AKl k mekani z mad anetanalskeutl d ta nved yda kreendd¢ak,t amze t | |
basamakeéna bmadolkiivwvagi rAdtPosentezini y°nlendir.i
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Akkinci mekanHCOdadee,t ath ol ul ur ketor kusvetd y u m
ol ulur ve bu kuvvet motomkutveteanéd ? e pl pr ot bar ek A
cretimini sakl ar.

=)
(=)
i
(==
(1" ]
—
(o
|
2
A

AB° y | metamojenler, kul | asubskdtad mqrrée dekilen fakat ve
enerji korunum stratejisini bir arada bulundurur

Bektal

Dr .

Bektas Tepe
gezimania_tr



incelenmektedir.
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ACHM ¢n , 00y d°ng¢l,BmgEHE ,OHB HCBOCP
basamak]l|®azrectylleanebi | i r .

Metanotrofik Yal am Tar z é njg
Bakel
§
T AMetan (CH,;) ve dabkkeel Ckl er | hem aerobi k hem de
O kol ul Ikedabalize edi | ebi |l en basit organi k mol ekg¢l |
o= )
=D ABukesemd&€, baké |1 -ermeyen or garwerigisiei | el i kIl er
o0 karbon kaynakeé anedr dlotkokslildsyanrsegnr e- 1 er i el e
e al énmaktader. "
= . o ’ . . -
.= A CH, ve metanol (CH;OH) oksidasyonu e n | y | -al el el mel reaksi
D burada metan oksidasyonu bir metilotrof yal am t ar zénén °rneki 0
)
A

Dr .
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Metanotrof T ¢ r Ivee r
Karbon Kay n&kié | aneéeme

AT ¢ nmetilotroflar met ané kul |l anamazgz
olarak kullanabilenler metanotroflar ol ar ak a
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0 & ee lyadtitisieezrc a CH
dl andeéer el maktader
A Metanotrofi , ° z e |l | rnkdatd bakteri a Methylococcus capsulatus )
czerinde ayréntele |l ekilde i ncelenmiltir.

TEPE

A Metanotroflar , h¢cresel karbonlaréenén tamaméneée ya
formaldehitten (CH ,O0) kar | el amakta ol up mbtabolild@ ur um kul
yol aka bakl éeder
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Aerobik Metan Oksidasyonunun K | Kk BEE
Basamakl| ar e
¢ A Aerobik CH, oksidasyonunun ilk v g )
basama k& metamole @A @ ¢ | t ¢ generates proton
metan monook5|genaz (MMO) enzimi 4 motive force. 288 i

0

t ar af &atalizeemmektedir

—_—
=
o=
.Z : ;': (I 1 I \ HIGX \\[
=0 A Monooksigenazlar , O 0 d gelen bir : "
g oksi_jer|1 a;tlc_)munu substrata ekleyen Elacior bane o i
- enzimlerdir. i -
=3 A M. capsulatus hem sitoplazmik - © z ¢ n (O« FRERRRRERDE @
— MMO (sMMO) hem de zara entegre ~
) parti k¢lIpMMOO ol mak ¢ v ZH i
ti pi birden tal émakt BHf « CHSOHf»(CHQO)J—»Hcoo-
A A MMO tepkimesinde bir oksijen atomu - '*t’fo__NAg'; - lth . COI o
CH0e ekl en@Hedkl LCHmak. ., L.
di ker oksijen atomu Ise indirgenerek
H,O0yW& n¢ |l mektedir
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For mal

Basamak|

deh
ar

A CH3;0OH, bir alkol dehidrogenaz

tarafendan oksitlene
(CH,O) ve NADH ¢(r et me |Ou
AOrtaya -€&kan formald’
oksidasyonla CO,0y e d°ng¢l t ¢r
ya da yeni h¢cecre bi |y
sentezinde kul.lanél n:

I
O, |:|20 /’ l
~-NADH Biosynthesis
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t Oksidasyam |

o/

e

Electron transport
generates proton
motive force.

2H*

4 H* 4 H*
A A

A 2520025,

2 " |,\’ \—\ P A S D s
\..« ~.L J‘-. x»...x“\.. e \._ ’ ‘ r‘Y\;./ b A 4 4
l
l.

.

1

1

I
Electron transport

2H
CH;0H — (CHQO)—L> HEBOO"

t\—> NADH

Cco,
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Serin Yolu ile C , Asimilasyonu

C, substrate

T A Metanotroflarda C,bi ri ml eri nin hy¢crt
Q katél emé i-in kull aneldda.n vy HeHo [ormaldehyde ri
o . 1 ~ Melhylen:,
= A Bu yolda, CH ;OH oksidasyonundan o | u | a §0O 0@ H ttanydrooiate ydropyrate oo
o0 bir mol ekgdewebiCO mol ek ¢l Hoc:Hg—rlsH—cooﬁH
&S asetil -CoA sentezlenmektedir. B Serine Y, Glycerate ) "
= H,N—CH c::t:nmcn)f—ihwmmdhﬂase: \{ -
— A Serin yolu, her bir asetil-CoAo | ul umu i - i n Giycine \ -
D ve 1 ki ATP gerektirmekte v OFNHS*--" F’"""""“_‘““"""’“Lg‘;‘:O NI
v . . v “ COy Incorporation . s
baze enzimlerin yaneée taisr a HO— COOH p /’ roi <
[l — . . . . .. v Glyoxylate ﬁ' (O}
on hidroksimetilaz enzimini k ul | anmakt ader HOOG—CCH,~COOH m
OH o Oxaloacetate
| Il ATP NADH
HOOC— CH,—CH,—C~S—CoA
A : w2|a|y|-Cc:A Malate
i CoA

CH;—C~5—CoA
Acetyl-CoA ===+ To biosynthesis

Overall: Formaldehyde + CO, + 2 NADH + 2 ATP
acetyl~S-CoA + 2 H,O CoA

(a) The serine pathway
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Ribuloz Monofosfat Yolu lle
35
C, Asimilasyonu
.§
TN A Alternatif bir yol olan ribuloz monofosfat yolu, M Formaldehyde
(= CH,O6dan el de edilen t¢m ki
— . . . . Hexulose-P-synthase
o materyaline y°nlendirdiki _
> e . - ’ 3 Ribulose-5-P (15 C) 3 Hexulose-6-P (18 C)
L enerji verimlidir. CH,OH GH,0H
(=) c=0 H—C—OH
~ .. - | |_
&S ACH,00nun h¢cresel wksidasylore n | ¢#—¢—oH ¢=o "
i = . H—C—OH H—C—OH "
= seviyesinde ol mase nedeni [ .. He b oH 3
g g¢- ger ek me me koksedasyoaundae t a n CHoPo 2 5
p cretilen NADH tamamen el el F A S AR ®
@ v==n k u I I ane I a b I I me k t € d I r 2 Fructose-6-P (12 C) + Fructose 1,6-bisphosphate (6 C) _:)
m ; ; ] CH,OH CH,OPO,% «
A Bu y0|, her bir gllseraldehlt -3-fosfat (G -3-P ) O | U cyceradenydesrse g t—o
. . . . . |
A i -in bir ATP t ¢k e3tPmeeskgtikeliz ol §°  wo-c Ho—¢—H
> = TR . . : I H—C—OH H—C—OH
ademl areyld® ngllitikazd ebi | me CH;OPOBQ_ e H_%’_OH
. - . . CH,OPO5* CH,OPO5*
A Heksulozfosfat sentaz ve heksuloz-6-P izomeraz gibi Biosynthesis
b az é enz | m IO g rg C bj l& r y 0] I a ‘OveraII:SFormaldehyde+ATP—)-gtyceraldehyde—S—P

(b) The ribulose monophosphate pathway
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Met ana Dayal e Anae

Met abol i1 z mahzel 1Geknl

A Anaerobik metan oksidasyonu, di kmeet aCbol i zmal arénda bul un
enzimvek of aktlRullleamer ancak kendine °zg¢ baze
glsterir

ABu s¢re-te metan, bi r s ¢ Imktanbjeniere dlkirabag e me b ak't

Ve

bir Archaeat ¢r ¢n¢gn ol ul turduku bir konsor.si yum t

SO,% H,S

_— Sulfate-reducing
Bacteria

co,

7

| _— Methanotrophic &~ Direct electron transfer

Archaea
_ (ANME-types)
8
[
2
£ CHJ co,
:
3 Sum: CH, + SO,* + H* — CO, + HS™ + 2 H,0
2 (AGY'=-18kJ)
<
@ (b)
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o S
Met ana Dayal e Anae@g
35
] \ ] o ¢
Met abol 1 zmahzeal |GelnlgE
S
é
4 A Bu konsorsiyumlar, anoksik denizel sedimanlarda gel i | i r ve burada ¢
Q met anén %9006éndan fazlaséné oksitlemekten s
- . . . .
= AKonsorsiyumun bilelenleri, m ealgré&yatisra | ol ar ak
(o= | -1 nde Hulunud i kt e
S 3
= -
| o SO,% H,S =
— e R E
Py i .:‘ = Mothanctophic e‘/lgirect electron transfer _:)
aa R . =
8
A ;
§ CHj co,
@
3 Sum: CH, + SO,* + H* — CO, + HS™ + 2 H,0
H (AG%'=-18kJ)
@ (b)
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ANME ve SRB Auveam®lkn g
’ %%
KT b1 rl 1 ki
é
A AArchaeabi | el eni ol an AN | SO,% s
(=) vericisi olarak CH, 8 ¢ oksi tl ey e e co,
o ti plerden ol ul ur
b . ~ . Pethanotrophic e /Birect electron transfer
(o= A Metan oksidasyonundan a - € k a - € kArchaea
s . L . (ANME-types) w
e elektronlar, SO 4,1 0 i ,S Bl e | n.d I r g "
= czere s¢l fat 1 ndirgel -
,= aktareéel ér
e | CHj cOo, -
— AANME_Archaea, CH,O 2 2@_96 k ade S Gl S0 — o e D .
on oksi tl e metenogenerim (AGY'=-18kJ) o
basamak!| ar é-neevitreirrs.i n -
A . . .
A Bu tersine metabolizma endergoniktir
ancak SRBO el ektron t¢gkeni mi, CH
CO0ye dP°n¢l ¢megneg ener i a-eéséndan

m¢ mke¢en hO©le getirir
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Dokrudan EIl ektr on
Elektriksel Ba k|l ant el ar

NME i | e SRB araséndaki SO,% H,S
ransferi, h e, Cr el er a rgulfatg-reducing co,
okrudan el ekt rsoak lagkrn g™

T

e ~ Direct electron transfer

AANME hg¢cr el er i sitoptaknekk t rMethanotrophic

Archaea

membrandan h¢cr e deél ena t ajanveypes
multi -hem sitokromlar ¢ r et i r .

ASRB h¢crelerinde de be
a

sitokromlar ve ayr éc el ektr CHy CO,

cnanoteller6 ol ar ak 1 | | mluslarg

bulunur. Sum: CH, + S0,% + H ™= CO, + HS + 2H,0
(AG? =-18kJ)

ABu dokrudan el ektron t &

t ¢r |l er i,oksidasy@hdnda F e ve Mn

gi bi -%z¢é¢nmeyen met al oksitleri de ter mi nal

el ektron al écéesé olarak kull anabi |l mesi ni

a-eklayabilir
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Nitrat Kullanan ANME
Konsorsiyuml ar e

AAOMYy al nézc &SRB MEonsorsiyumlareéeyla sénerl é d
ANME t ¢rl eri nitrateée ter minal el ektron al éc

A Methanoperedens nitroreducens,, CH,0 ¢ n  a n aakgidasgonudau NO; O |
|

NO,0e indirgeme ile elleltirir.
A Bu Archaea,NO, 01 el ektr on al é cdesitéfiyeo bakterierle kul | ana
birli kte konsorsiyum h©linde bulunabilir.

ABu t¢r konsorsveNOm,ml ar pi €Hi kte bulunduku bel
s e d i ma gidi anoksik ortamlarda aktiftir

Bektas Tepe
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Methylomirabilis oxyfera ve
K n t-Aewbik Metanotrofik Y a I am

A Methylomirabilis oxyfera, NO, 061 el ektr o
olarak kullanan ve metan oksidasyonunu
ger - ekl el t i angerob lradenitrifiyle u
bakteridir.
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A Buorganizma,CH ,i | e s af k¢l t ¢rd
poligonal bi r hg¢cr e msahidtirol oj i s &

TEPE

A Genom analizleri, CH ,0 ¢ n a eoksaldsyokuna

kadar uzanan t¢m genl er | -

zamandaNO,0i,0 e kadar ir)dlrgl
bul undukunu g°stermil tir.,

LauraVan Niftrikand Mingliang Wu
-]
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A Ancak M. oxyferad dratrik oksit r e d ¢ kve ratoz
oksit r e d ¢ kbtual zu n ma ma s € , bu metaboli zmanén
nasél s¢rder el dekegne dair °neml i bir
g ¢ N d egetiir.

Bektas Tepe
gezimania_tr



~ o |
M. oxyferaOb n ®k si | en | r e
K nt-Aeeoblk Met abol I z ma S
é
. A M. oxyfera, NO, 81 ° n c edemtofiyembakteriler gibi N O 0 yndirger.
ADahasonra NOO Yu NO HB+ONMr eaksiyonu ¢zerinden par-a
kendiO,0si ni  ¢retir.
Al reti ), € okSidasyonui -in elektron aléeceéeseée ol ar ak u
| -in ortamda birankksiekabveéer kol ul |l ar x

ABu nedenl e o mgtanotioflk maentéanb o | iintran-aesobik O
metanotrofi 6 ol ar ak adl an,tksisitedinden kvoer uannma s@G bu hé z
t¢cketim sayesinde m¢gmkegn ol ur
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§

TR ABuraya k adar el ®totfikésniarne - | Uptake Excretion
o aerobik ve anaerobik solunumlar, ener;i
= Korunumu ig-riand yiaynd nae € n d Organie. __ |Fermentation
= oksidatif fosforilasyondan y ar ar | anér —— R’NAD'; —
o A Fermentasyonlarda | se ener j i k o ‘*xsudp NADHEEmES® .
S reaksiyonlara bakl é& ol Substrate-level &
E‘ bu a-&dan solunumdan a ) EnsrayaaRm. ™" -
< compound T compound _
= A Anoksik ortamlarda SO 4,21 , NO; v e FR#il ADP  ATP ©
— ter mi nal elektron al ec ¢ a <
laa) or gani k bféerrheathsyokld katabolize o

edilir. N |
A o

A Fermentasyonlarda substrat hem elektron

vericisihem el ektron al ecesé ol arak g°rev
yapar ve ATS8ubstdtdliazmyi nde

fosforilasyonla s a k|l aneér .
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Enerji-Bakemendan ZendJggE
4 35
Bi | el 1¥n emil n
.§
TN AEnerjii bakéméndan zengin %zeﬂgmllklhlﬁrd)llmlsa,hlpyCksek
O fosfat balkdemziméA via edcaen organi k bileliklerdi
g substrat d ¢ z e y fosfadilasyon i - i n kriti k °neme sahiptir
E ABu bileliklerin hidrolizi sé&rasénda a-8&ka -
5 el lenebilir ve bu bileliklerin -okunun hi driess
= serbestenerji s ak | ar . -
 —
D ABir organi zma f er mant as pnenice zeBginabs 8 red d kb u t ¢ r{e
ol | turabil i yor sfADP Gaktegdrall ATP gentazkeyehiliu ve <
E b°ylsasteat d ¢ z e y fosfadilasyonla ener j i kazanmé&l ol ur. o
A A Substrat d ¢ z e y fosfadilasyon , fermantatif met abol i zma y¢r ¢t en 5
organizmalar 1 -1in temel ATP ¢retim mekani z
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Fermantasyonlarda Redoks Dengesi

A Her fermantasyonda atomik ve redoks Uptake Excretion
dengesinin korunmase (¢¢ .
(.J r C } l er d € k I a t 0 m v e € I ¢ gorgla:;?lnd Redox cycling pI‘OduFme:lmmn

substratlardakilerle uy uml u ol mal e amEEEENAD* @uEumu,

."II’NADHIIII“

ARedoks dengesi, hg¢gcre -
ve katabolizma sonucuncd ... PhoSphorylation ]
. . . . .7 Energy-rich Oxidized
al kol gibi indirgenmi/| compound === compound
e r ¢ nl esraikyllaen ér ADP ATP
ABu ¢r¢é¢nlerin atel eme, t n
fazl aséné uznetadolk Idéengayiar a K B
korumaséna yardemce ol ur
ARedoks dengesi nifarmdantatd ul mamas €,
s¢re-lerin s¢grdegreéelebilirl i ki I -1 n ger ekl
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] ] I ] ] ?ll:l:
Hidroen(H ) | r eve I mi
Ferredoksin Ro | ¢

=
gmm A B a Zegmantasyonlarda redoks dengesi, Pyruvate (C3)
o d¢l ¢k potansiyelli bir o 2R CoA
e ferredoksinin kat él éméeéyl a mol lyase
g H) ¢retimiyle kolayl a /}\\
© sm— Acetyl-CoA + Formate Acetyl-CoA + CO,
(@a A Ferredoksinden gel en el ektro Phosphoroclastic
S hidrogenaz e n z i mi t aH@y € nda reaction; several o
— aktarél masé, he¢gcrenion enzymes participate | Ry p, x
 — azalt maséneée Sal,(l ar Formate Ferredoxin
. = hydrogenlyase Hydrogenase Acetyl-P C_‘S
AH ayné zamanda formatt - I’ADP -
© i fermenter t ar af éndan kul a I pacetate P
(a'a) bir-ok balHaearii-iwne g¢-1 (€ Ay AP @
elektron vericisidir. + H
A ATP 2
AD¢l ¢ kZ Hlekerine sahip ol masé nedeniyl e
Hmlkroblyalek sistemlerde hi-Dbir zaman
Obola gitmeyend bir. elektron kaynakeéeder

Bektas Tepe
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Asetat ve Yak Asi dm
" m o/ \d é)g
Enerl Kaz aneme
=
gmm /Z\Pevk- oekngerob bakteri fermantasyon Pyruvate (C3)
=) seérasenda asetat veya o 2R CoA
m—_— maj °r ya da min°r ¢r ¢ér yase
g bu s¢re- ATP sentezi e 2{_\\
@ e koruyucud ur. Acetyl-CoA + Formate Acetyl-CoA + CO,
m Phosphoroclastic
(g AYak asi tkdemzimiAnitngr evl| er reaction; several =
) baké&méndan zengin bile enzymes participate | b p, x
= nedenle substrat d ¢ z e y fosfadilasyon ormate Ferredoxin
= yoluyla ATP ol utfamam.a hycrogeriyase Hycrogenase Acei"::DP -
o o= A¥r n e kasetil ;CoA° n casetil fosfata Acetate 2" °
[a'a) don¢lterelebilir ve ar €@ ¢ ey tATP @
ADPOoalket ar €1 a seatézlenkdiliP + H,
A ATP
AFer mantasyonl arda yak asi di creti mi
yaygéne€@rarvae ¢r ¢nl eri ¢gzerinden
i l erl edi kinde ATP olulturma potansiyeld:]
tal ér
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Fer mant asyemiedt amd

T AFermantasyonlar ya kul Isabst@thgm da ol ul an ¢re¢nlere g

O sénéflandérél ér .

= A Laktik asit, etanol, propiyonik asit, b ¢ t iarsiikt ve asetat fermant :

(o= bu ¢reéen temelli séeméfullamdaeamrmaya °rnek

‘;, ABazé fermantasyonl ar pirirsiddn wegaisry,k sda sniatt, pe¢eri n/ E

.= fermant asyonu gsubbtiatalg@irleasein@h | camadrebtare | er ; b ¢

D aromati k bileli klubst gllbiraan@ hedebilir.- P

E‘ ABi r - ok O;e! fermgntaaswa;e_r@mg,ruplafralarréazf_céawdbamlir_Ii E;
ger-ekleltiril ebi |l imetabulie ubk ma ag %gsatne rzmeak taedi r .
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Laktik Asit Bakterileri ve
Fermantasyon Tipleri

Alaktk asit bakterileri, |leker fermantasyonund

Brock Biology of

Microorganisms, 15. Ed.

@®©
—
7

)
m

ALakti k asit fermantasyonunun seéeneflander el
metabollk son ¢r ¢nl ere dayaneér

§ ol arak laktik aspozbtuft us parbgktellendirt ur may an

o=

.Z~ A Bu bakterilerde iki temel metabolik d e s e n g homgférmaentatif olanlar

(o= sadece | akt i k haesofetmengatif edlanlar kaktat y aneénda et anol

&S veCOde ol ul turur. "
= X . . o -
.= ALekerl erin fermantasyonunda 1zl enen bu 1 ki

D metabolk enzi m donanéeméyla yakendan il il kilidir
)

A
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Homofermentatif Laktik Asit
Fermantasyonu
é
L A Homofermentatif t ¢ r Iglkaolizin ana enzimlerinden al doi aeeéir ve
O gl i kozdan ilaktat onhoull et kugrlu r
.g AGlikoliz y ol unun eksi k &uktez b iafl & d tfioa foSailara
o0 ayr el mas éen éelaktateo Ib®?lyd mwcreu m¢gmken kél ar
S
E‘ ATP ADP ATP ADP =
= Glucose — ey —ieap. £ S s eceone E
E P EEEEEEEEEEE S EEE SRS EEEEm ~« 1 -
A

9
| 1
2p, | 2NADH oapp 2ATP  ,app 2ATP 2 NAD*
2G-3-P 2 1,3-Bisphospho- & =) & 2 Pyruvate 2 Lactate

glyceric acid

Glucose —-> 2 lactate + 2 H* AG®= -196 kJ
(CgH1206)  2(C3H505) (2ATP)

(@ Homofermentative
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Homofermentatif Laktik Asit
Fermantasyonu
é
TN ABus¢re-te her glikoz bal émlauliaz ATP ¢retili
Q
= A Homofermenterleri | abor atuvar og¢gt amépdal EOI nedeni vyl
=D heterofermenterlerden ay ért et mek kol aydeér
(=)
=
= ATP ADP ATP ADP -
= Glucose — e e iy 2 Gloraaly e s Drdoecsons E
e L e R o
A

i |
2p, | 2NADH oaDpPp 2ATP  5app 2ATP 2 NAD*
2 1,3-Bisphospho-
2G-3-P glyceric acid & - & 2 Pyruvate 2 Lactate

Glucose —-> 2 lactate + 2 H* AG®= -196 kJ
(CgH1206)  2(C3H505) (2ATP)

(@ Homofermentative
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Heterofermentatif Laktik Asit
Fermantasyonu

A Heterofermentatif t ¢ r | e r D
aldolazdan yoksundur ve bu
nedenle fruktoz b i f o #ibza t
fosfata ayeéer ama
yerine glikoz6 -f osf at €

ATP ADP NADH NADH P ?ﬁggghate
ederek pentoz fosfat yoluna O 6- phosphog.mn.c Ribuioss Xyulose
ucose 5-phosphate + COZ* 5-phosphate Phospho-

Entner-Doudoroff
pathway = | & anmcccccccsmsmsssesm=== NAD*

-
- -

Pyruvate

6-phosphate acid

y°nelirl er. RN - AU
----------------------------------------- ~ aldehyde
i ,emmmmmemmmmmmmmemmscssmemmsmssm=s====--a \ 3P

ABu s¢re-tpentozl ul o op ATP sop ATP e
fosfat, fosfoketolaz enzimi tes "3‘3‘?P“°FP“°‘AL>—>ALmrwateLL» Lactate

glyceric acid

a m Glucose —» lactate + ethanol + CO, + H* AG”=-216 kJ

ar ac e |teok Bsfal e (CoHiz00 (CsH:0y) (CHOH) (1ATP)
asetil f osf at a d®°.n ¢ eHeterermentave
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Heterofermentatif Laktik Asit
Fermantasyonu

A Trioz fosfat laktata D
I ndi rgenirken A
ger - ekl el dsetil; fostatn
NADH taraféeéndan
i ndirgenir ve b

Ethanol

Entner-Doudoroff
pathway = | & anmcccccccsmsmsssesm=== NAD*

-
- -

Pyruvate

ATP ADP NADH NADH P ?ﬁggghate
Se nteZ I e n m eZ . Gl Glucose 6- Phosphogluconlc Ribulose Xylulose
ucose 6-phosphate acid 5-phosphate + COZ* 5-phosphate Phospho-
,------------------------------------------------.kgidise.gwcer.
A Heterofermenterler glikoz ! o I Il R
4 (o3 [ ! v : !
bal ena yalnézca S R app ATP app ATP lNAD
] ! .
ve 6-f O S f () g I u k oOona t Ve ;i;d‘;zr'ﬁnggizpho' &‘LWM@@* Lactate
i i al — lactate + ethanol + CO, + H* AGY=-216 kJ
dekarboksilasyonu nedeniyle S — Lot 60 2

CO 0 I u II Lg m UZ I e n | r . (b) Heterofermentative
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Entner oDoudoroff Yolu ile
w g%
Glukozun Kk IEkKasamak | ar e
.§
TN AGlukoz f er mant asy onun glikolid yaldd gikolges atérnatif olan
O Entner dDoudoroff y ol u ¢ zeri nden ger-eklelir
.g A Bu yolda glukoz 6-fosfat, 6 -fosfoglukonik aside ve N A D P H Golgsiddenir .
(aa
2
E‘ ATP ADP ATP ADP a
= Glucose — e ate i 2 S )= D" E
E P EEEEEEEEEEE S EEE SRS EEEEm ~« 1 -
A

9
| 1
2p, | 2NADH oapp 2ATP  ,app 2ATP 2 NAD*
2G-3-P 2 1,3-Bisphospho- & =) & 2 Pyruvate 2 Lactate

glyceric acid

Glucose —-> 2 lactate + 2 H* AG®= -196 kJ
(CgH1206)  2(C3H505) (2ATP)

(@ Homofermentative
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Entner oDoudoroff Yolu ile
Glukozun Kk I Bkasamakl!l ar e

AO| u | eafesfoglukonik asit dehidrasyona u k r ay @i a k ue gliseraldehit
3-fosfata (G-3-P) ayr el ér

-
o
>
D

o

e

m

X
O
o
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m

Microorganisms, 15. Ed.

—
—
= A G-3-P daha sonra glikolizdeki gibi katabolize edi | i r ve bu s¢re- NAI
(o= ATP ¢retir ve ayréca redoks dekhgkl améedeéer el e

L
S, v
= ATP ADP ATP ADP =
° Fructose 1,6 Aldolase 2 Glyceraldehyde _ . Dihydroxyacetone —
.= Glucose —- -bisphosphate L 3-phosphate (G-3-P)~— phosphate ©
i ST TS TETEEEEEEEEEEEEEEEEEEEEEEEEEEEEE Y ~
nn r o rEEEEEEEEEEEEEREEEEEEEEEEREEERE" s 1 ;
A

9
| 1
2p, | 2NADH oapp 2ATP  ,app 2ATP 2 NAD*
2G-3-P 2 1,3-Bisphospho- & =) & 2 Pyruvate 2 Lactate

glyceric acid

Glucose —-> 2 lactate + 2 H* AG®= -196 kJ
(CgH1206)  2(C3H505) (2ATP)

(@ Homofermentative
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ED Yolunun Enerjetk ¥z el | 1 k1 €
Kul |l anecée Or ganBakmll

A Entner dDoudoroff yolunda pi r ¢dv@kr udan ol wlséraldehit 3 - i n,
fosfat kadar ATP olnmazt i mi m¢ mKk ¢ n
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A Bu nedenle Entner dDoudoroff yolu, glikolizin yal nézca yar ése kadar
verimi sakl ar .

TEPE

A Bu metabolik © z e Ihétardfermentatif laktik asit bakterilerindede g°r ¢ 1 ¢r .

AGlukoz k at abol i zmasénda bu yol uZykambnasave an bal | &
Pseudomonaso t. é r
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Kar 8l kerAmamt asyon
Genel¥zel I 1 k|l er |
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. AKaréI'élmixeajsa(i:ict)feérmar]tasygllmkbzdalné,ndalna asit ol a
asetik, laktik ve s ¢ k s iasitiok ul ur .
AAy r etarol, CO veH gi bi ek fermantasyon ¢r¢é¢gnl eri d
A Bu fermantasyon tipinde glikoliz , |l ekerl erin par-alanmasé i
olarak k ul | anél er .

ABus ¢ renterik bakt e erde kar akt &scheschiadoli i r ve ©°7Z

roi
Iy bir. °rnekt.

I
r
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Kar &1 &k Buamdiot Fevnmmantasyonu
Ar as end a kFarklaF e me |

. ABazspterk bakteril er daha az asidi k ¢ngnralbetir ]
creéenl er i arterarak sakl ar

ABuvaryantt o °hagjallténcad®rt kabboahdival & ot
crénl er  dutamdiod,retdrml, CO ve H bulunur.

===
Q
Irm—y
@ scmen
c c LLl
> o
L
-
o]
o I —
2 HyC—C—COO ™ mmy <
Pyruvate Hs N ADH (|3H3 _
_C— X
@ e ! H (|3 OH o
m Thiamine + b HSC C COO- HEC C H Hac_(lg_H o
pyrophosphate OH
2 NAD* 2 NADH (TPP) H (;Tpp
> ‘ I |
A Glucose Glycolysis HyC=C—C00" S ' HSC_?_TP P =t o-Acetolactate Acetoin 2,3-Butanediol
Pyruvate OH
Mixed-acid O, :
route, e.g., - Overall reaction from pyruvate:
Escherichia coli route, e.g., .
Lactate Enterobacter 2 Pyruvate + NADH = 2 CO, + butanediol
H2 + 002 gorrn-ata aerogenes
uccinate

Formate
hydrogeniyase Ethanol
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Kar &1 & k Buiasidiot Femmantasyonu
Ar as e nd a kFarklar e me |

AE.colid nk ar &1 &fermamtasyonundaCO veH el it mi ktarda
¢, r et i | butankliel fermantasyonunda CO ¢ r et i mi bel i rgin |
fazl adeér
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A Bunun nedeni, formik asidin format hidrojen liyaz enzimiyle

o
Q
Koy
@ msmn
~ ~ 4 - 4 ~ . . i
e par - al anmaseylvaH 0 Vet dlanak, he€ Qutandiol bal ena 1 ki "
' - . - - -
== CO'nindaha¢reti |l mesi dir -
0]
o I —
s HyC—C— GO0~ s, <
Pyruvate H:  NADH {|3H3 =
o X~
@ o H (|3 OH o
(am] Thiamine + >-—>HSC c: coo- LHSC c H HSC—(|3—H o
pyrophosphate OH
2 NAD* 2 NADH TPP) u PP
= ‘ I |
A Glucose Glycolysis H3C—C—COO** HSC_?_TP P =t o-Acetolactate Acetoin 2,3-Butanediol
Pyruvate OH
Mixed-acid CO, -
route, e.g., - Overall reaction from pyruvate:
Escherichia coli route, e.g., 5 X .
Lactate Enterobacter Pyruvate + NADH == 2 CO, + butanediol
Formate aerogenes

H2 + 002 —— N
Formate  Succinate

hydrogeniyase Ethanol
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n I n n SLIJ
Butandiol reti mi nde Re @
| o
-, %5
L] o ¢
3
é
4—N A Butandiol ¢ r e t glikolizde ol ulNeAArDHdyianl nézca yar eéséne
Q t¢ckettikinden, redoks dengelemesi i-in bu
(e cretir
—_
G mesTe . . . . . .
(o= A Enterobacter aerogenesgibi butandiol ¢ r et i ci | er | bu nedenl e et
S fazla olulturma ekil i mindedir o
[ -
. it
° = HyC—C— C OO mmmm \C_ti
Pyruvate H:  NADH {|3H3 =
© oo ! H—(|3—OH —;
iamine + >-—>HSC c: (ofelop HSC c H HSC—C—H
m -;I:n—r;rophosphate cl)H =
2 NAD* 2 NADH (TPP) H +TPP
Il |
Gl M ,C—C— - ;C—C—TPP=—~ o-Acetolactate cetoin - i
A ucose Glycolysie :y:‘v:e coo +CO H;C EHTF‘P Acetolactat Acst 2,3-Butanediol
Mixed-acid 2
route, e.g., Butanediol Overall reaction from pyruvate:
Escherichia coli route, e.g., i
Lactate Enterobacter 2 Pyruvate + NADH == 2 CO, + butanediol
Formate aerogenes

H2 + 002 —— N
Formate  Succinate

hydrogeniyase Ethanol
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Butandiol | r et | mi nde Re
Dengesi ve Etanol Ol ul u mu

A Bu fermantasyon tipi, metabolik ak €ih@n galnl ere y°nel mes,i |
edilir.
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AB°yl em€O/H or and& hem de et anlodr &nli &k aai,t kIl as

e

fermantasyonundan farkIl &l al &r

===
Q
Irm—y
@ scmen
c c LLl
> o
L
-
o]
o I —
2 HyC—C—COO ™ mmy <
Pyruvate Hs N ADH (|3H3 _
_C— X
@ e ! H (|3 OH o
m Thiamine + b HSC C COO- HEC C H Hac_(lg_H o
pyrophosphate OH
2 NAD* 2 NADH (TPP) H (;Tpp
> ‘ I |
A Glucose Glycolysis HyC=C—C00" S ' HSC_?_TP P =t o-Acetolactate Acetoin 2,3-Butanediol
Pyruvate OH
Mixed-acid O, :
route, e.g., - Overall reaction from pyruvate:
Escherichia coli route, e.g., .
Lactate Enterobacter 2 Pyruvate + NADH = 2 CO, + butanediol
H2 + 002 gorrn-ata aerogenes
uccinate

Formate
hydrogeniyase Ethanol
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Clostridial Fermantasyonlara G1 r |

A Clostridium t ¢
I

] | er | femmemtatifn dnaeroblar ol up - ok -el 1T tl i or
bil el ik i

r
er fermente eder.

ABut ¢rl er de AfliRolizseeartaeszdandaCohaya bt gneéneén
hidroliziyle ger - ekl el i r .

AL e k e rférraente eden Clostridium t ¢ r | sakkarolittk 6 ol ar ak
adl andeér el ér .

ABuk & s 8 tnd a | Isakkaroligk Clostridium t ¢r 1l erinin | eker
t

r
fermentasyonuna odakl anél acakteéer .
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Clostridium T ¢r | er |
Fermentasyonu ve | r ¢n
cel 1t 1 11 ki

ABa zClstridum t ¢rl eri | eker fe
maj °r ¢r ¢me wilassirilek ¢r et ir
ABazé&r |l ePdegalnl er ol an ac¢

be¢t adhe | ol ulCadeetobutylicum bunun
Klasik bir ©r ne ki di r

A Glukoz glikoliz yoluyla pi r ¢wvedADHO e
dong¢l t ¢rpi g ffestieklastik
reaksiyonla asetil-CoA, CO veH O yaeyr €l er

AAseti-Co A0 bheégwn¢ k KNEADm&elekiron
vericisiol arak kull anel dBgkKEir
veya diker ¢re¢enlere 1 ndi
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Glucose
Glycolysis

Acetate 2 Pyruvate + 2 NADH
ATP Phosphoroclastic reaction
ADP P
Acetyl NPJAcewI-CoA+ COy+ Fd g s Hy
2H
¥
Acetaldehyde Acetyl-CoA
2H
» Acetoacetyl-CoA =) Acetoacetate
Ethanol 0
_ g [l CO,
(CH3—C—CH, —C—CoA)
2H Acetone
B-Hydroxybutyryl-Col ( CHy— él,— CH 3)
H,0 E 2H
T Crotonyl-CoA Isopropanol
consuming ~2H
reactions— ADP
butyrate, - Butyryl-CoA "5 aATP
2 NADH; '
butanaol, =2 H
4 NADH
Butyraldehyde Butyrate
(CHg— CH;— CHs;— COO")
=2 H
Butanol
(CHs— CHs;— CHs— CH50H)

Glucose — butg;ate +2C0O; +2H, + H*
AG" =

2 Glucose — acetone + butanol + 5 CO, + 4 H,
AGY=—468 kJ

—264 kJ (3 ATP/glucose)

(2 ATP/glucose)
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Glucose g-ucj
. . Glycolysis s NTo)
. o
B ¢ t | HemqMmantasyonun toote 2yt 21801
Al amal grH® Etas )
ADP P S
Acetyl ~PﬁAcer-CoA+ COy+ Fd, oy mummp Hy _8
0. E
TN AB¢tifrarkmantasyonun er ken Acstaldenyde [~ ASEOR
.. . 2H ¢
Q be¢tiirlast az mi ktarda aset ¢ e Aceloacety-Con ——————> Acelogcetate |
- == . : _{CHS—ﬁ—CHQ—g—CoA} €02
= AOrtam pHa@egl t ¢k-e asit ¢reti 2H Acetone
(o= yerine asetonve b ¢t amlow | maya bal l B-Hydroxybutyryl-CoA (CHS—%%—CHS)
= L
o H,0 : 2H a
‘;, AOrtam n°t t almponl aneéer sla¢ tasred Crotonyl-CoA isoprEpanl w
. . R = =
= cretimi begye¢k ©°I -biidtei reantg  cnimn F2H
‘=3 cretimi devam eder. ELS‘?L_ Buyyl-Coa 407 prp ©
= ) . bu‘cl:a\nr:nl.r =2 H X
— ; 4 NADH w
) A Bu_ durqm, b 2 t_ |Isemjeizm.de e_kstra ATP elde Bty ety de puyrate o
edilmesiyle i | i | ki I i dir. .y (CHs CHzCH COOY
A Butanol
| (CHg— CHz~ CHz~ CH;0H)

Glucose — butg;ate +2C0O; +2H, + H*
AGY=-264 kJ (3 ATP/glucose)

2 Glucose — acetone + butanol + 5 CO, + 4 H,
AGY = 468 kJ (2 ATP/glucose)
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C. acetobutylicum 0 dp#d
D¢l ¢ | Metabdik
KaymaMeRani
A C. acetobutylicum pH586i n al t endaki

kol ullara duyarl|l éde&tgakn
sentezleyen enzim genleri de-represe olur.

Z Mma .

AB©° y | fermantasyon, b ¢t i¢graett i mi nde
aseton/b ¢t apgoéti mi ne dokru Kk

AAsetonol ul tukunda, her bir
be¢ti¢grraett i mi seaksads elabitbeek ki

NADHOkiunl | anel mamaseéena yol
ARedoksdengesini sakl| @mak ria-
el ektron al écésé ol abr atka

cretir
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Glucose
Glycolysis

Acetate 2 Pyruvate +2 NADH

ATP
ADP R

i
Acetyl NPJAcetyI-CoA + COy+ Fd,py® mmmmp Hy

Phosphoroclastic reaction

2H
¥
Acetaldehyde Acetyl-CoA
2H
» Acetoacetyl-CoA =) Acetoacetate
Ethanol 0
_ g [l CO,
(CH3—C—CH, —C—CoA)
2H Acetone
B-Hydroxybutyryl-Col ( CHy— él,— CH 3)
H,0 E 2H
T Crotonyl-CoA Isopropanol
consuming ~2H
reactions— ADP
butyrate, - Butyryl-CoA P, ATP
2 NADH;
butanol, =2 H
4 NADH
Butyraldehyde Butyrate
(CHg— CH;— CHs;— COO")
=2 H
Butanol
(CHs— CHs;— CHs— CH50H)

Glucose — butg;ate +2C0O; +2H, + H*
AGY=-264 kJ (3 ATP/glucose)

2 Glucose — acetone + butanol + 5 CO, + 4 H,
AGY = 468 kJ (2 ATP/glucose)
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Bst a®bul uBnut i r a
Yeni den Kull an:¢
Sonu-1I| ar

AH¢credaha °nce bgél gondedat
I - er | al ep indbg¢gtyaaaakt en
tekrar dél areé verebilir
ANO t reale¢n ol ul umu -evrenin
engell ese de bunun ener |

varder

u
be¢eti d@8ngl!l ¢mle kazATBOA®&DN

AB¢tanblUl umu sé&r ad@n dCaiAhdd
| ¢
vazgeolmi l

A Bu nedenle aseton/b ¢ t a fermantasyonu
-evresel kol ull aren bask
ATP kazancé bakémendan d
yoldur .
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Glucose
Glycolysis

Acetate 2 Pyruvate +2 NADH

ATP Phosphoroclastic reaction
ADP P

i
Acetyl NPJAcetyI-CoA + COy+ Fd,py® mmmmp Hy

2H
¥
Acetaldehyde Acetyl-CoA
2H
» Acetoacetyl-CoA =) Acetoacetate
Ethanol 0
_ g [l CO,
(CH3—C—CH, —C—CoA)
2H Acetone
B-Hydroxybutyryl-Col ( CHy— él,— CH 3)
H,0 E 2H
T Crotonyl-CoA Isopropanol
consuming ~2H
reactions— ADP
butyrate, - Butyryl-CoA P, ATP
2 NADH;
butanol, =2 H
4 NADH
Butyraldehyde Butyrate
(CHg— CH;— CHs;— COO")
=2 H
Butanol
(CHs— CHs;— CHs— CH50H)

Glucose — butg;ate +2C0O; +2H, + H*
AGY=-264 kJ (3 ATP/glucose)

2 Glucose — acetone + butanol + 5 CO, + 4 H,
AGY = 468 kJ (2 ATP/glucose)
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Proteolittk Clostridium T ¢ r | er |
Amino Asit Fermentasyonu

ABa zZC®stridium t ¢r 1l eri ©°1 ¢ organi zmal ardan a-éeka
par - alpeotedittk canl él ardér ve amino asitleri f
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AC.tetanigi bi bazé t ¢protedditik °yzaellnl&izkc at al &r ken di ker
sakkarolitik hem proteolitik metabolizmaya sahiptir.

TEPE

AT¢r | er e b aduta®at pglisen 1 adakin , sistein, histidin , serin veya
treonin gi bi bireysel amino asitler fermente ed
amaceé bi roCphAatke rassvidiol ul tur makt er .

Bektal

A Bu fermentasyonlar sonucunda genelli kle yak asidi t¢
cretveti pi k ¢r¢nl ergileeCOabuléenarda  NH

Dr .
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Ami no Asi t]| eddoA Ya
Ter evIiR2nnplesg me
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AAminoasit katabol i z msetl €,)-bo k u(@,)iveya kaproil (Cg)

§ gi bi y®RoAtgidivlerinin olulumu ile sonu-1ané
=)
= ABu t ¢revlerden s akbubstrat i ¢ A EFR fogfalimdyon nie
(o= ger-eklelir.
‘;, A Amino asit fermentasyonu s ér as énda 0;ve COpbirikir véNid E
g ¢ r ¢ nmesabolk r eaksi yonl arén dokal -ékteélarédéeér

AP ¢ r vempirimidinlerin par - al anmasé da ben DdEoA l ekil de K
E‘ terevlieri ¢gzerinden Adkl at ul umuna kat ké o
A

@)

Bektas Tepe
gezimania_tr



=)
(=)
i
(==
(1" ]
—
(o
|
e
A

Stickland Reaksiyonu:
¢ 1 Amino Asit Fermentasyonu

Oxidation steps

Reduction steps

-
o
>
D

o

e

m

X
O
o
p—

m

el
LU
o)
i
0
=
2
(=
@©
(@]
=
(]
(@)
=
2
=

Bektal

AB a zclestridialar yal nézca bir amir (using alanine, (using glycine,
fermente eder ve bu durumda bir amino asit valine, or isticine) or argining)
elektron vericisiol ur ken di keri el ! Alanine 2@lveine
. . o ) HiC—C—CO07| |, = =NAD*® = = = = = = = .,l 2 | H,C—COO-
I 11 evi go°r ¢r L o NADHe e ,[,LH }

- - .7 ) . Pyruvate, NH5

ABu el | el mi | feanentasyonu &58ckland s coo] | con
reaksiyonu ol ar ak adlandé[ 4 u,’ ..... NAD* + = = = = - 2P,
temel mant éké bir amino a €024} e m = > NADH= = = = = - 1

. . . . . . Acetyl-CoA
di kerinin indirgenmesidir Kpi
CoA

A¥ r n e Kismpmorogenesglisin ve alanini fermente Acetyl-P 2 Acetyl-P
eder ve bu reaksiyonda alanin verici, glisin isea | € R /i
konumundadér . arp” Petenision I\, arp

Acetate 2 Acetate

AStickland r eaksi yonunun ¢r ¢nlse [e—coo] o[H,C=co0"] + 215

CO, ve okside edilen amino asitten bir karbon daha Overall: Alanine + 2glycine +2 H,0 — 3 acetate” + CO, + 3 NH,*
. AGY=-186kl  (3ATP)

az | -eren bsdatrrboksil i k

Bektas Tepe
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belirginbir p ¢t r i f iektaksiysoin. yar at éer

Amino Asit Fermentasyonunun Koku @ EE
Ol ultbranl er.|
é
T A Clostridial faaliyetsonucu p ¢t r i f i(k-a¢sryckmnmek)ul ar & ol ul ur ve
O kokul ar -okunlukla yak asitleri ile u-ucu
o kaynakl|l anér .
e ,
(o= AHI dr oj en s¢lnfetkaptarvgi metbil el i kl er ke¢gkertl ¢
&S asitlerden te¢retilir ve olduk-a keskin kok 5
== -
— A Kadaverin (lizinden ) ve putresin (ornitinden ) gi b i aminler k°%tg¢ ko )
D °nenmpbliil el enl erindendir . =
E‘ ABuUu s¢re-1 er de av-ee kdafenedtasgon ¢ KA nl eri - evrede E;
A

@)
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Clostridium kluyveri Fermentasyonu
ve Elektron Ver 1 c ik/l All &a &

Brock Biology of

Microorganisms, 15. Ed.

A C. kluyveri , Stickland r eak si yonuna benzer sbubrstireaktid de

Alretilen ATP, ®Cohltameyalesudssad@inzeyi nde
fosforilasyon y ol uyl a .sakl aneér

@)

§ birlikte fermente eder ancak bu substrattar ami no asi tl er deki |l et

o asetatteéer.

=

E A Bu fermentasyonda etanol elektron vericisi, aset at 1| se el ektron al

(4= g ° r yapar. -
— ) Ll
- A Kaproat veb ¢ t iolawl umuna ufermemtasyonb o k d¢l ¢ k ATP -
D cretir ve 6 etanol I -in yalnézca 1 ATP el denme
on o
A

Prof .
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C. kluyveri 6 n Ekolojik ve
Metabollk Avant aj e
é
TN AC. Kluyveri, diakearer olsloaar gm ¢nl eri ol an etanol ve
O kull anabil mesi nedeniyle ekolojik a-&dan ©°n
o= ]
= ABu organizma y¢ksek i ndirgenmil etanol ¢ oks
(o= zincirli yak asitlerine indirgerken NADH t ¢
‘;, ABu s ¢ifermentasyon ¢ r ¢nl erinin yeniden fermente edi T
g fermentasyon ol arak dekerl endirilir. :
AKkirfemniemtasyonkavrmem‘ébolik-el'itIiI|l,(in,ve anaer obi ;
E‘ ekosi stemlerde enerji ger i don¢l ¢megnegn géze o
A

@)
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" guﬁ,
Propiyonik Asit Fermentasyonu
4 35
bl S =
o
é
e A Propionibacterium ve akraba bakteriler glukoz 3 Lactate
o veyal a k tfeamente ederek propiyonik asit ggﬁ;acgsogemeL
= cretir ve dokal ortamda 3 NADH
I 1 irh 3 Pyruvate
= bakterileriyle birlikte bulunur. / - D
. ) ) . 2co FAcetate CcoO
m A L a, k t I k a S I t b a, k t mk-tat ,I e r I I 2 Oxaloacetate ‘2~ ATP ¥ 2 w
S propiyonik asi t bakteril er.| | 2NADH  “~ o
E‘ subst rveet tbaur i ki grup eko ... e -
. yal ar 2 Malate Reactions of | %, 2N
s | ) the citric acid 1 t;ogﬂcgzir:}ﬂlony =
le worki 1
A Propionibacteri E tal irini Powo goswerns | -
- ropionipacterium , emmental peynirinin > Fumarate » 2 Propionate
on ol gunl al mas én d propiyanik -asefikn ixpp.»pal - 2 naok : &
asitileCO,¢retimi peynirdeki 2ATPJ’ " 2 ooyl o)
A deliklerin ol ul maséna neden ol » Sucginate ‘2002.._,| T
e P E '
AY an d a k | |a|ftatt€g1<,pr0,ply0nlk aSit |——>2Succmyl~CoA —) 2 Methylmalonyl~CoA
0] | u I umuhna mﬂtabahh d K]I e ml arlr e Overall: 3 Lactate m— 2propionat?+acetate+COg+H20
gestermektedir AG°=-171kJ  (3ATP)
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Laktat ve Glukozdan Propiyonat
Ol ul umu

A Glukoz substrat ol duk unda glikokz ol 3 Lactate

yoluyla pi r ¢ d&@tng | t ¢r ¢l ¢r ve bzﬁ;aéfogenaseLSNADH

pi r ¢asetdat ve CO,0 yya da karboksillenerek 3 Pyruvate

metilmalonil -Co Addyan ¢ | t ¢r ¢ | ¢r . / ADP NADH

2 Co‘E Acetate + CO,

A Metilmalonil -CoA daha sonra oksaloasetata, 20*3'°a°e;a;:DH* . ATP

ar dé npdopionil -Co A o6dy®an ¢ | ¢ r . " DL PO

Reactions of X ‘, coA transfer
A Propionil -CoA, s ¢ k s iiley @oA transferaz zmilate the citic aid sl
. . - - - . 2H,0 .
enzi mi aracelekeyl a¢ikenl 7 linreverse 2 Propionate

2 Fumarate

CoAvepropiyonat ol ul t ur ur ; b U  Eapi2pa]-2naDH
olulumu fersatenen ka- mi,p \ 2 Propionyl“CoA}
harcamasénée da °nl er. 2 Succinate ‘2002-..| '
4

AOI u lsagk s-CaAimetimalonil -Co Ad vy a
: 1 ; . : : Overall: 3 Lactate == 2 propionate + acetate + CO» + H20
izomerize olur ve propiyonat ¢ r et i miyy | e Pt
yeni den kazantamamkadényyg
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- | S
Propiyonat { r et I mi nde Eng
| 2 g
w v o2
T g
o
.§
o — A Oksaloasetat ile s ¢ k s iamats € nd ak i 3 Lactate
Q basamakl| ar énda NA Duharattiars i b:ﬁ;ﬂéfogenaseLSNADH
o s¢ksiinmdiar genme s € r-noE N (
> > 3 Pyruvate
o kuvyvet ol ul ur . / OP NADH
m 2CO, Acetate + CO,
: : : 2 Oxaloacetate ™ - L
S A Bu proton -motor kuvvet oksidatif fosforilasyon wany -~ ATP .
= yoluyla bir ATP ¢reti mi. |’ TNel e i
:g propiyonat fermentasyonunun © neml i en 2Malats  Rexctionsof % from propiony 5
kazanemlaréendan biridir. l‘2Hzo eyele working ' to succinyl -
o= > Furnarate e . 2 Propionate ~
o AAyr éca, Yy ollaakk tbhotyBunnkcéas m € app.2pal. 2 naoH : &
veCO0ye dong¢l ¢r substratbu ad , e % 2 Propiony}CoA)
A d ¢ z e y fosfadilasyonla e k ATP sakl . 2 Succinate ‘2°°2~~| H

AB?° y | mapigonat fermentasyonu hem substrat .
d¢zeyi n dksidatifefasforilasyonla ATP e e vy @ atey
. reten k anetabalik 3i¢gmr e.- t i r
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Propionigenium 0 dAdternatif
Proplyonat Fermentasyonu
.§
T A Propionigenium bakterisi s ¢ k s i farmanté ederek propiyonat ¢ r et i r ancak
O me k a ni zPmopiendacterium 6 ddm mamen f ar kl eder .
.g A Bu iki organizma hem filogenetk hem ekol oji k a-édan birbiri
(o= bakemsezdeéer ve benzer melwlkl-e#rze, mlakkmen f ar k|
S gel il tirmil tir. "
= ] -
— A Propionigenium 6 umet abol i zmaseée, yal ammetabdilner j i s éne
D -elitlilik bakémendan di kkat =-ekici °rnek]I| ecnee
E ABu f ar k preplyenatlcaret i minin tek bir evrimsel yo E;
- el metdbolik st ratejilerle ortaya -ekabilecekini
A
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Fosforilasyon Olmadan Enerji Veren
Fermentasyonlar
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Microorganisms, 15. Ed.

T A B a Zegmentasyonlar , ATP sentezi I -1 n gereken serbes

O sakl ayamadelhalreekthradmdeal ecésé ekl enmeden an

o destekler.

=

E ABu s¢re-lerde, Dbil gitoplakmikn zakbayureabo lydnz ma s &

e gradyodnud turan iyon pompal aréeyla baklantel e i

> L

— AS ¢ k s i fermént® eden Propionigenium modestum ve o k s a femnenge :

D eden Oxalobacter formigenesbu mekani zmaya °rnektir. P

E‘ A Bu fermentasyonlarda ener j i kazaneésmstrat dl ok e ywidradh e o
fosforilasyondan ziyadeiyon gr ady abmaeknlaé ATP sent.ezi il e sa

A

@)

Bektas Tepe
gezimania_tr



=)
(=)
i
(==
(1" ]
—
(o
e |
2
A

Propionigenium modestum:
Ortam veTemel ¥z el | | k|l er &
.§
A Propionigenium modestum, el ekt ron al ackek € i -er meyen
zenginleltirmes  kKigkditrgaetl beshdaerek 11 k kez i1z
AOrganizmaya deniz ve tatle su -°kellerinde
rastl aneér .
AGram-negat i f k € sa - Gloganktik laraki Fmdobacteyid iu pi n d e u
séngflandér &l &r . -
AFizyolojik -al éi Madlgerektigeiks hypalvsszca E
tam anoksik k ol ul |katabalize et t i ki ni g°%°stermil tir o

@)
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P. modestumo u$¢ k s

nat

Dekarboksilasyonu ve Enerji Dengesi

---------------------------

AS¢ ksi nmaokskmo r t amd a
| ekigedre- ekl el i r:

ATPase

s¢ksimdOI
(GGAZ 820.5 kJ).

Eoropionate + HCO

ABureaksiyon, ATPsent e z i
ener ji sakl amaz.

A Ancak reaksiyon, sitoplazmadan periplazmaya
bir N\ai yonu pompal amak i -

a-eka -éekarer. ADP
+I

kat ab ;’

Na* Na*

A Bu nedenle, enerji korunumu sodyum iyonu
gr ady amaeknlaa n me | | e ki |
ATP sentezi sodyum -transloke eden ATPaz @
tarafsmkdmaner .
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Sodium-extruding
decarboxylase

Succinate?

H,0

OC
| [l
C—CH,—CH,—C
P A Sl

O  Succinate> O ?

/C_
=

de he o

HCO4

Na*

CHQ—CHg—)

Propionate™
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Malonat Fermentasyonu
Malonomonas ve Sporomusa
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Dr .

TN A Malonomonas, C dikarboksilik asit olan ma | o ndekarboksile ederek

O asetatveCO ol ul turur .

o=

=D ABu organi zmada da enmarijyionmne tidbeo Ibiazkrasne el €

(o= sodyuml a - ATP&zlba@umur.b i r

‘;, A Malonate fermentasyonundan a - eéka - ékan so&7dkk),Pt ener ji ( u

g modestumo d ask¢i k s ifemneemntasyonundan bi | e daha d¢l ¢kt ¢r -
ASporomusave birka- bal kamdoadt feenernitasypngr ¢ d e E

E‘ yapabilmektedir . o

A
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Oxalobacter formigenes ve
Oksalat Kat abol I zmaseé

Ve

A Oxalobacter formigenes, bal ta i nsan kol onunda ol mak ¢z
sindirim kanal eénda bulunan bir bakteridir.

AOKk s a |lkatabadize ederek format ve CO ¢r et i r ; bu s¢re- 1 nsan
oksalat birit kimini °nl emede °neml. go°r ¢l me

AOrgani zmada ger-eklueluen reaksiyon
ok s al+ddtO Bormat +HCO (GGAZ 626.7 kJ).

ABuUu ener j isubntrtakd az €y fosfadilasyonu dest ekl emek 1 -1 n
yetersizdir .

Bektas Tepe
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O. formigeneso tkey on P o mp a s
Olarak Dekarboksilasyon

H+

Brock Biology of

Microorganisms, 15. Ed.

Formate—oxalate Formate- Oxalate?
antiporter

AOk s a | dekaéboksilasyonu ekzergoniktir i
ve olfaimah¢s;cre déi éna e

AReaksiyon sé&rasé&nda hg¢ | 1§

t ¢keti | dvalent o k 8 al alteemeé p

monovalent f or madtéd mr & ver il 2
bi -imde bir proton pom. i -
ABu s¢rektokdekitar boy S
proton-mot or kuvvet ol ultu <
ATP sentezini saklar. o
A ATP sentezi, membranda bulunan proton - RO =
transloke edenATPazar acél ek eyl 4 HCO;"
ger-ekleltirilir.
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S ¢ k s iva@ksalat Dekarboksilasyonunun
Ort aya KBiyenheritih k|1 kel er

Brock Biology of

Microorganisms, 15. Ed.

@®©
—
7
)
m

AEn azeéndan bir iyonun pompal anmaseéene sakl a
ve bu alt s él2 Rirolarpkadhmimadditmiektedir

TN A Bu tip dekarboksilasyon f er ment asyayné atr ee@inATP8maeh | i ki,

O substrat d ¢ z e y fosfadilasyonla ne de elektron t a | étemalli oksidatif

o fosforilasyonla ¢ r et i | mesi di r .

e

(o= A Bunun yerine ATP sentezi, dekarboksilasyon r eaksi yonl arénda a- eKk:
S del ¢k mi ktar daki enerjinin 1yon pompalareyl "
== -
.= ABu organizmalar, 832k J 6 ddearha d¢l ¢k serbest enerj i a- é
=3 reaksiyonl ardan bile ATP ¢retiminin m¢gmkeén

(aa

A

Dr .
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S
- Adl2k J dddaartha az enerji a-éka -éeékaran reaksiyo
destekl eyemeyeceki ve bu nedenle enerj.i kKor
del ¢negl mektedi r.
AAncak bazé bakteriler bu teori ketahd@dimer én da
faaliyetlerini s¢rdegrebi |l mektedir . "
ABu organi zmal ar, ener | i sintroflarsofarahilimirar énda vy al 2
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A Bu bakterilerin biyoenerjettk me kani zmal aré h©l © tam ol ar ak
deki.l dir
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Simbiyotik Bir Or t a k|l e k :

o/

Sintrofinin  GenelYa p é s €

Brock Biology of

Microorganisms, 15. Ed.

@)

TN A Sintrofi i Kk i frd rkkrlo&o r g anti gknama&inl, ar €na par-al ayamas
O bi |l el i ki birl i kte par-al ayarak enerji el de

o birl i kini 1 fade eder.

e

(o= AC o kaintroflk s ¢r e- ,ama&reabdlearmamt asyon ¢reégnl erinion
S fermente edil di ki I kinci |l fermantasyonl ar | <
= ) -
.= ADokal or tnetait alr Wlau mu n anogsik kean abol i zmanén ok
D °nemli adeéeml ar & ngnadafidirb.i ri seéekl ekl a P
(a2 @
A

Bektas Tepe
gezimania_tr



Sintrofide H T¢ ket I mi ;

Metabolk Ba k| ant e
- ASintroffk or t aml arda yak asitleri ve alkoller gi ]

farkl e mikroorgani zmalpar -adaaédndamn. birl ikt

ABu s¢re-lerin mekkooir ga egrzdmiatmiend 1 Ke r
partner tarafeéendan t ¢ Krensferilbwunu.i terl er araseé

LU
o
L
—

AHt ¢ ket ebi | en or ga nderatriye!| bakteri,aferrék sdéemird a
i ndi rgeme bakteri |l er iasetojenfet Ve mé¢tanojemlidri gibig
K ar

n r
- 0 f kl & fizyolojik gruplar yer al
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Bektal

AB°ylantrad , H ¢retirken partnergitoglgetna rzenka tbam H
metabollk ak €1 én ger -ekl el me.si ni meée mk¢n kél ar

Dr .
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[ 7/ Z_g)m
Pelotomaculum oMetanojen Or t a k | e &k
3 5
7/ O c
. o g
Et anol ¢ nPaOr-taalkan mas e
é
—~— A Pelotomaculum et anol ; eHSf)eytea t Ethanol fermentation carried out by the syntroph:
&
.— .
o oksitleyebilir ancak bu reaksiyon pozitif bir 2 CHCH0H + 2 H,0 > 4”-’4*2‘3”300;*21';4ka t
tr— .. AGY = . i
(=) standart serbest ener;j.i " reaction
.Z ol dukundan slfy Ky & g z .d eMethanogenesis carried out by the methanogen:
(=) 4 H,y+ COp=CH, + 2 H,0
Al r et i |, leirnmetdnojent ar af endan AGY'= -130.7 kJ/reaction Lu
(1] I o
>\ t é k et | | d | k | Nn d e met an 9) | Coupled reaction in coculture of syntroph and methanogen: V E
.g bu r eaksi y ekzergoiiktdru k - a 2 CHyCH,OH + CO, = CH, + 2 CHyCOO" + 2 H* 5
b AGY= —111.3 kJ/reaction ©
. Akki reaksiyon birl ikt e (@nReactons p | 1
on ener ji celedgonikihn@®l e gel ir o
iki organizma birlikte k ¢ 1 t ¢ r e a |hérn Ethanolfermenter Methanogen
A I K1 s de rahat - a b Y ér . 2Ethanol | icrspecies hydrogen transfer CO.
: . .. e i <« Tt TEmEE F4Hym === ===
ABu °r singddinin ener j i akel er l
arasenda nasél yeniden 2 Acetate CH,
bi - i g](a gterir. (b) Overview of syntrophic transfer of H,

Bektas Tepe
gezimania_tr
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Bi r Bal k &Syn¥aphomdnas
Ve Ya k Oksidasydnu

A Syntrophomonas ,b ¢ t | asaetdtéee HO y e '_?”_“Wa‘e Methanogens  Syntrophs
oksitleyen bir yak asidi,’ l
reaksiyonun standart ser, Byl Con
ol d u &umauzdur. ; CoA LFADHIIIIII>H2

y transfer
Crotonyl~S-CoA

ATek bal &nab ktiilgtzasgtrdende bl l
m¢ mk 6 n d e L( | I d | r = (J n k (J I f‘l 3-Hydroxybutyryl~S-CoA
enerji a-eéséndan dezavar: NADH tmsnEpH
| 2 5
.. . ‘| Acetoacetyl~S-CoA E
AAncak ¢ r eldrpdrtreenorgahizma ' —
taraféndan t Sywophorhoddsk i nc¢ * }( :
b¢ti¢gzaetr i nde beéeyéyebil I T aey-g6a ey sco
ABu dur um, oksidasyansnundda l l
i I Acetate Acetyl~-P == Acetate + ATP

sintrofilk i 1 i Il kil er ol madan s ,
g 0 S t er | r. Sum: Butyrate + 2 H,O === 2 acetate + H*+ 2 H, Afzg:i?gzlfj;

(a) Syntrophic culture
Bektas Tepe
gezimania_tr
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H Transferinin Enerji  Dinamikler
(]
(@)
é
o m— ASintrofilk 1 | i | kil erde partn@r R Molhaogens  Syaiophe
o s¢rekli tegketmesi, reaks s "l ¢
= olulumu y°n¢nde kayder ar; Butyryl~S-CoA
= a-é&séndan avantajlé hol e, LFADH.....»H
E :transfer Crotonyl~S-CoA \
ASerbest enerji ilkelerirm . i .
S vereaktant der i | irmelaekrsii yonun ¢ l o
E‘ enerji dekil i mibonu ab-eddan; = -
= istisnalardan biridir. X NADH 11nai P H; : —
1 2 o
- % Acetoacetyl~S-CoA 5, -
- AH -ok d¢l ¢k degzeylere ka Gk : <
on i -in, standaenderganklg®Irl¢canrec : o
reaksi yonl ar ¢ eekzegdok k ®I b sty SSEoRY Acstyh- S-CoA
A do°ne¢l ebi I ir 1 l
A¥r neki Gh 7 ¢-|y i a |, er e d 2 |, 2 k  Acetate Acetyl-P wmmsp Acetate + ATP
Syntrophomona sc”) eory, t i oksedasyonu i - (3B |sum: Buyrate s 24,0 — 2 acetate + Hrv2H,  AGY= 1482k
dek &18k J &amlar d ¢ | ebi | i r . o5

(a) Syntrophic culture

Bektas Tepe
gezimania_tr



H Olmadan da Sintrofi :
Do k r ulektron Transferi

A B a zsidtrofik birlikteliklerdeH t al 8 nmasé&na gerek kal makseéez
el ektron transferi ger-eklelebilir.

-
o
>
D

o

e

m

X
O
o
p—

m

Microorganisms, 15. Ed.

=)
(=)
i
(==
(1" ]
—
(o
e |
2
A

AANMEOGs ¢ | f at 1 ndir geyi @H O ghnaksiksoorrtsa nyduamutng k et me s i
buna®r nektir.

ABu te¢r ililkilerde hegcreler, -o0k a
cnanotel6 yakalldranarak el ektronl ar é d K

TEPE

yéda he
ruda

ADokrudan el ektron trddrfs(;fzglroinmmeﬂ’ey@rle:i-aanleri ne
bakl e dekildir ve elektron akeleée fiziksel i

Bektal

@)
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Sintroflarda Ener | |
Temel Mekanizmalar

Kaz an

A Sintroflarda enerji korunumu hem substrat d ¢ z ey i n« Enie Methanogens  Syntrophs
hem de oksidatif fosforilasyonla sa k!l anér ve Db '/"*l
det ayblcatrigraattabol i zmaseéena ilil ¢ o —
-al &1 mal arkloan murl tt auyr a : Lt
- ; CoA l\FADHlluu}H2
AAseti-CoAdasenatata d°ng¢l ¢sobgtrats €r a :fransfef Crotonyl~S-CoA
d ¢ z e y fosfatilasyon ger - ekl el t i ki g°s,
bu basamakt a -Bkd R Eeneili &ukamsal ' l
ol ar ak bir ATP sent ezi I -1 n 1 3-Hydroxybutyryl~ S-CoA
1
|
ABununla birlikte, ortAlyRd niérk ° AT MINA
fraksiyonunu olulturacak kad » Acetoacetyl~S-CoA
Syntrophomonas 6 ébn r k a b ¢ t uoksidasyonunu bir % CoA
ATP sentezi il e birleltirebi “
A Bu nedenle, sintroflarda substrat d ¢ z ey i ndeKi Aoati~E-BR) Acety- S-0on
fosforllasyonun del ¢k enerji v emetabolik n e 1 l
g;rgf’:(?rgﬂlglrglelmgttlagglrlde b Acetate Acetyl-P wmsp Acetate + ATP
’ Sum: Butyrate + 2 H,O === 2 acetate + H*+ 2 H, AGY= +48.2 kJ
(AG = -18 kJ)

(a) Syntrophic culture

Bektas Tepe
gezimania_tr
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S1 nt r oDispraporsiyonia Enerj
35
A4 A4 2 E
K a Z a n e I I l e Butyrate Methanogens Syntrophs . %
o
2 “l 9o
) =
- ABi r -siatiof , sintrofik y al am bi-imlerini:; ”*”if“
=) doymamél vy ak dispsopotsiyoauyla rmmaerobik ! Crotonyliz’;"“"”?
_C- solunum yapabilmektedir. : ‘
e A Sintrofik b ¢t imeattabol i zmasé&nén bir 3'”yi':i‘y°”””'~m
(o a) krotonat , Syntrophomonasd esmaf k¢l t ¢rl er i 1} WADEY iXRi¥p-Ey
3 destekler ve reaksiyonlar én L, | WRp— E
— ol ur ken i¢grt i kireisgené. : -
. . o o cetyl~'\S_—__CoA 1 Acety S-CoA
e AKrotonat i ndi rgenmesi s ér-machkudvet b 1 l =
ol ulur ve bu durum organi k e ,lo e . s :
i g er-=¢ k I € I en d ! l'< er a I;] aero b | k Sum: Butyrate + 2 H,O0 —— 2 acetate + H'+ 2 H, AGY= +482 kJ | 3
(aa) enerji mekanizmal aré&yla benz 6 =-18kJ @
(a) Syntrophic culture
A A Benzoat ve propiyonat fermentasyonu yapansi ntr of | _ . e o
ener | ver | -5nkdJ d ¥ d le |y ainédle ol du L( CH3HC=CH—y)\ _+2H,0—> 2 acetate
ya da balka bir iyonun pompa _ O° +Hy 4 He
varl eéké muhtemeldl en zorunl udu "~ CH3H0=L;H_<'£\O_+H2_>buWe

Proton motive force

[Sum: 2 Crotonate + 2 H,O—— 2 acetate + butyrate + H* AGY =-352 kJ

(b) Pure culture
Bektas Tepe
gezimania_tr
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Sintroflarda  Enerji Ekonomisi ve
Ters Elektron Ak el €

A Sintroflar ,y a k  aoksidasyonunda o | ul an [ BWEe Methanogens  Syntrophs
(EZ -6:32V)ve FADH (E Z -G:22V) gibi elektron ~ .° ‘l
vericilerindenH (EZ -G=. 42 V) ¢ret i ry  Buyy-sco
don¢gl ¢m enerj i gigedi- 2kl @l 'co LFADH......,HQ
: Crotonyl~S-CoA

!
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A Bu nedenle, sintrofik b ¢y ¢ me sér aseénd

TEPE

9 : ~ - . _ _ '
senerl € mMTKRGOIIdmKkD® 1 ¢me T .
akeleneée s¢rder mekzoir-uinnd ahda
i NADH ssene > H, . —
. . 1 . . 2 ©
AEnerjinin hem d¢l ¢k ver i m s  Astoacetyl~SCoA ) e i
< w - ’ s x
k&sménén zorunlu olarak t }(C“‘ 21 a v
y°nl endisriintnmeosfid ra rdenr ece k ' ¥ -
enerji ekonomi si C',zerindeA°eW'iS:‘9°A'A°e‘YiS*C°A r
ABudurum, si ntr odKalreejni k ve fi st Acetyi-P wmsp Acetate + ATP
nit-1n y & k S € k d C’ ,Z € y d e I I bSum: Butyrate + 2 HyO ==—=>-2 acetate + H*+ 2 H, AG"= +48.2 kJ
ortamlarda geliltikini de (AG=-18 k)

(a) Syntrophic culture

Bektas Tepe
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Si ntr oBEKalrent de ki
oy
Anoksik Karbon D° ng ¢ s ¢
=
— A Sintrofik bakteriler, anoksik k ar bon d°ng Sityeto Methanogens  Syntrophs
=) kritik halkalar qu_It_uru,"""l le
B I ndi r gfermentasyon ¢ r ¢nl er i ni t S Butyryl~S-CoA
= sal arak anaerobi k solae:sleldenun,’CA L
G S . .. tr:nsfer GAERETTP Ha
(- AEker d&d éndaki elektron a: Grotoryi~S-CoA ,
g s i nt r oyf dkalruekmanoksikaortamlarda bir - l .
E\ karbon ve elektron akéegi t SeroRy BT SCoA ¢ a w
- AO veyaNO gi bi g¢-1¢ el ektror? NADH tmn - H; -
bulundukunda yak asitl eri »  Astacsy-SCo fn v
* m— solunumu yeterince snrakj i - I£C°A e
(aa ililkilere ihtiya- kalmaz - m
Acety|~xé:'-_'o_8_fo: ) Acetyk S-CoA
A AAnoksik ek osi steml erde son el 1 l e
metanogenez veya asetogenezo | dukundan,
. r e tsiatroflar ileH t ¢ k e metamojenler GEEE SO = B ATP
arasenda fizigRzélenyaken! &sumBuyate:2H0—2acetate +H+2H, Afféf“?ffﬁ

(a) Syntrophic culture

Bektas Tepe
gezimania_tr



S
- A Hidrokarbonlar yal nézca karbon ve hidrojen i -eren
mikrobiyal gr up t ar af éndan el ektron vericisi ol a
AMetaboIik-el'ltI|Iikkéispméﬂndddsr,oorkarbonlarén °czell ik
ve oksijensiz kolull ardaki katabolizmasé el

Akki veya daha fazla karbon i-erkataboliza dr ok a r hHEse

edil meden °nce oksijenlendiril mek zorundad s

=)
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i
(==
(1" ]
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A

A Aerobik metabolizmada bu oksijenlendirme O |

| e ger - eakdkski i r k e n
metabolizmada oksijenlendirme gerekir fakat O bu

s¢re-te yer al maz

@®©
—
7
)
m

Dr .
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Aerobik Hidrokarbon
[ 7/ §'§
Kat abol 1 zmasermRRod ;O
é
AMol e k gksijenr(O) daha ©°nce ener]ji cretiminde el
al enméel olsa da hidrokarbon katabolizmaseén
bir bileleni ol arak g°rev yapar.
ABuUu s ¢ roksiggnazenzi ml er i bel i rl eyici r ol oynar

oksijenlenmesini katalizler.

LU
o
L
—

A Oksigenazlar k ar bon zincirlerine okssylsnt radatolmd rag é
daha sonraki katabolik reaksiyonlara uygun hale getirir.

o
AB°yl ece hi dr oKsidasybron!| eme&mj i creti mi ve hg¢cre o
tall arénén olulumu iI-in gerekl:@ ara ¢réenloer

Dr .

Bektas Tepe
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n n u H%-LICJ;
Oksigenaz Tipleri ve
Alifatik Hidrokarbon Oksidasyonu

.§
o —— A Oksigenazlar i ki s & n é Dieksigenazlag 10&hin :iki Redox state  Reaction
- atomunu birden substrata eklerken monooksigenazlar Hdrosarbon Gty + aon + (B8
—— o . . n-Octane 5
o yalnézca bir atomu organi k S
. ~ . . onooxygenase  CXy@denation
= oksijen atomunu H O 0 yindirger. "
[
m Alcohol CHisCH,OH + NAD* +  H.0
S A Monooksigenazlar genellikle NADH veya NADPH gibi bir r-Octandl S— o
. . . . . Dehydrogenation
— el ektron vericisine ihtiya- . | -
= NADH
L T . . . . H —
e ADoy mul al i fati k hiolsidaskoar b o n | adenyde e H-B .
b as ama k emmndbir at@nu genellikle zincirin terminal [ocen <
@ e . . . 2 Dehydrogenation
on karbonuna eklenir ve bu reaksiyon monooksigenazlarla LNADH o @
ger -ekl el ir. o
A Acid C?H15(|3:‘0 ‘
ABu reaksiyon dizisinin son ¢ rOctanole acid
: 4 ATP CoA Generation of
hi drokarbonla ayné uzunl ukt a + acetyt CoA
Acid Beta-oxidation
to 4 acetyl-CoA
(see part b)

(a) Hydrocarbon oxidation

Bektas Tepe
gezimania_tr
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Beta-Oksid Enerjl | t | ¢
— =2
eta-Oksidasyon ve Enerji ; r et | g
é
gmm AOIl ulyaank a s i -Oksidasybneatda® Vv e r i | wc—oHy),—GH—cHrocoon
H H b4 Fatty acid of (n + 4) carbons
) turda i ki karbonun ayreld ATP | hoon
o par -al aner o
@ : . g o Hac—(CHz),,—CHQ—CHQ—&S—GcA
(o= A Beta-oksidasyons er asenda NADH ¢ - S
S NADH el ektron taléma zinc F‘“c”?” double bond .
= enerji korunumu sakl ar. HoC—(CHy);BH=CHj~C~5-CoA -
| — H;0 —
@ = . . . L /— Addition of \
. A Her beta -oksidasyon turunda bir asetil -CoA ve iki o ndronlaroue P
. karbon daha késa yeni Dbir ucocu o ctsca -3
m Sdé r e - y a l’< a S i d i t a ma me n p \'-"NADH Oxidation ;
eder. to keto group
A i H3C—{CH2)H—@—CH2—ﬁ—€rCOA : | _
AOIl ulemail-CoAya sitrik asit df _— con fatty acd of (n + 2 catbons for
OkS|t|en|r ya d a h C’ C r e b | I e | e n I e r 3 Onw.-'r'oum:lf.::fbeta-omdanon
kul |l anél ér HyC—(CH.),—-S—CoA + HyC—t-8-CoA —y 2CO, + 8 H

Acetyl-CoA  Oxidation in citric acid
ty cycle (see Figure 3.16)

(b) Fatty acid oxidation

Bektas Tepe
gezimania_tr
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A m I k Hi d K b B¢
o
I O atl | I I O al chy
Oksidasyonu: GenelBa k e |
. S
S
=
® — ABI lr(-amnrhatik hidrokarbon, I f ” on
N mi kroorgani zmal ar tar a @ Q_’_,@w O
= kolull arda el ektron ver Seere H0 oH : oH
o k u I I ane | a b I | | r V e b u S C Benzene " Benzene epoxide Benzenediol e Catechol
—N 8enelllkle oksigenaz enzjmleriyle k a t ey dal Monoaxygenase
E enzeri yydmpéluanuamr .
) . OH 0:0 Og = C/zog L
5 AKatedloui tukunda hal ka vy @- OHE S | &
— par-alanabilir ve sitr]i edonenase |~ OH OH -
atechol dioxetane =
— %apan S ¢ ks jasailtCoAyadapi r ¢giba t  caccho (hypothetical cis cis-Muconate
s | I I el i k]l er e d°n¢lt¢r¢le Dioxygenase -
o= AAr omati k hidrokarbonl ar HeCx /0 x
. - O (0}
o) katabolizmasé boyunca - @ @ @ o @
oksigenaze nzi ml erail egr® r(é&e) g ¢ | fﬂ.\DH MH OH g;;%h'o, oH
Toluene yesnes
A AT ek ga da -ok hal kal e a sequenuam-owgenases
aerobi k kol ul | @rody&addr a mae“.. _ ..
oksitlenir ve a-eka -ekan elektronlar el ektro
tal ema zincirine glrer veya yeni h¢cre
materyali yapemenda kull anel éer
Bektas Tepe
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Reaksiyon Tipleri

AAromatik hi dr okar bonl ar én oH
kat abol i zma sw diaksigemadan o @ Q ?@O“-YO
1 Benzene H-O OH OH
dahi |l ol mak oksmgenaza ifpd rekrl ] e ) W
al é r V e b u n I a F é g (’6d 6 d e 0 enzene enZens ep:;{;neooxygenasinzene 10 techol
gesteri I miltir @
OH " o0 20 = C/—Og
ABu reaksiyonl ar, hal kal @ ?[@q—gco
veya hidroksillenmesine i mk ©n ver er O s | 7 OH] “oH
bi |l elikl er ikatabalil basamaklagr i caecn (hypothetica ci,cis-Muconate
tal @nmaséné saklar. o plomyaenase
. . CHj 5
AAerobi k alifatik hidrok o> O,/oia
ol duglbivar omat i k b iodsigakyorki | > g o
da -okunloklbhlbu@®na kada . S, ;ﬁ:s.ti'mm
Sequential dloxygenases
ABu s¢re-te ¢retilen 1 nde B
tal éeéyécélar, h¢gcresel solunumda enerji ¢retim
i -in dekerlendirilir

Bektas Tepe
gezimania_tr
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Anaerobik Hidrokarbon )
Met abol I Gmas & n a

A Aerobik oksidasyony aygén ol makla birlikte, bazeée mik
hidrokarbonl ar e rdrrikrdatmi rs dlinfdatr geeneas i yl e ba
ol arak anaerobi k kolullarda da oksitleyebil

AHem al i fatik hem de aromati k hidrokarbonl ar

b ul un canmoksik ortamlarda katabolize edilebilir.

AAnaerobi k s¢re-l erde oksijen yerine farkl e
il 1l evi g°rerek ballangé- reaksiyonlaréne mg
ABuU metabolk yet enek, -elitli -evresel kolullarda
s¢e¢rder el mesi ni sakl ar

Bektas Tepe
gezimania_tr
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Al 1l fati k Hidrokarbgs
Kat abol il zmaseée
é
T A Alifatik hidrokarbonlar, denitrifkasyon yapan veya s¢gl fat indirg
O bakteriler i-in °nemli bir enerji ve karbon
o= )
=D ADoy mul al i fati k huzdumlkwk o okd dar Cb¢y ¢ mey | de
(o= késa zincirl:@i bil eli kl er dah&atabojize -°z¢ndg¢ kI
5 edilir. w
= . , | | o -
.= AAnoksik k ol ul Ihekzadmet abol i zmase ©°zellikle 1T yi - &
D el ektron al écéseée olarak nitrateén kull anel decgsme
— ali fati k @noks&klkiak ladboilmzmasé i -in de model K <
0 ABu mekanizmal ar, oksijen bulunmayan sisteml m
A ener ji cretim yoll aréna dahil ol maséne m¢ mkESEs

Bektas Tepe
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He k z aAnaerobik Aktivasyonu ve

Fumarat Eklenmesi Oy K-
— KJ (CJ 8
H?ézne coo" ‘\‘ §
- w2 H
A Anoksik hekzan me t a b o | i z melazané gitrik asit fumarate. (
do°nge¢semgm Gr ¢y malrakihcé n ".
karbon atomuna eklenmesiyle modifiye edilir ve 1 - cH, (B0 :
meti | pent iollsu¢g ktsuirnual tur

COoO™
HiC
1-Methylpentylsuccinate
A Fumarat eklenmesihekzatnbki | i '

5 _ ) coo- coo- (Cq)
| I - 1 M !

. - -1 . . emoval o 2 = 4===- HS—CoA =+
Oksijedhllanlied getirir ve bo° NGk

. 4 to form succinate
anaerobi k kolull arda kat ab

LU
o
L
—

~S—CoA

Beta-oxidation

1
]

1

1

1

(see Figure 14.64b) [
1

1

|

]

To NO;~ or S0,
reduction, generating
a proton motive force
o]
I

3HsC—C~S—CoA + 0
Acetyl-CoA ~~ ., HsC —CH,—C

~5—CoA
6COz+24H \‘
Propionyl-CoA
Bektas Tepe {a) Hexane catabolism
gezimania_tr
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He k z aAnaerobik Aktivasyonu ve
Fumarat Eklenmesi ol '

coo™ *s,
. . Fu m.alrate % »2H
ADevame den s kaermimtAe ekl eni r ve | cddten ﬂ ¢

beta-oksidasyon r e a k s i ygoenr|-aerkd el i r . B”'\tw H‘m
Coo-

A Beta-oksidasyonda a - e ka - eékan el erotorr I coo
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k uvye t 6 r e t | r V e N | t r a t y a Activation

with CoA

To anaerobic
H,0 4 Hmp respiration ‘1
'
o COO~ COO~

B \
*
*
+HS=CoA*«_  ~  __. - Succinyl-CoA
0]

@*s — CoA
Anaerobic

b benzoyl-CoA
:"‘ pathway (see

] “Figure 14.67)
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R To NO3~ or 5042
v =+ 30 HEP reduction, generating

7CO, a proton motive force
Bektas Tepe &) Tol caboli
- - oluene catabolism
gezimania_tr




Ar omati k Hi1I dr
bol |

Anaeroblk Kat a

A Toluen gibi aromatik hidrokarbonlar
baze nferrtkrdeetmi r ve s

indirgeyen bakter | = KJ “
anoksik k ol ul |

coo™ Ts,
?’:..) " T
arda par - e ”\m
AToluendek at abol i zmanéeén :
|- I

. CH, [CO0
n oksijen 111 evi e
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H X jl:}‘\ th‘).a-\”
eklenmesi gerekir ve bu, alifatiklerde s

e . — Suc(:gBate :
o | d u k ufumgratbeklenmesiyle TRl 1
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