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Opiocpuoi

MeTaBoAIOHOG: TO OUVOAO TV JIEPYACIWV HETW TWV OMNOIWV OUCIEC TOU
nepPIBAANOVTOC HETATPENOVTAI OE UAIKA TOU KUTTAPOU.

AvaBoAIopOG: BIooUVOECN CUVBETWY EVWOEWY, anaiTel EVEPYEIQ.
KataBoAIlopog: o&cidwaon ouciwv (MY oakXapwv) yia napaywyn Evepyeiac.

ETEPOTPOYPOI OPYAVIOHOI: XPrON OpYAVIKWV OUCIWV YId evepyela kal nnyn C.
Avanvon n (Uuwaon yia TNV Napaywyr eVepyeiac.

AuTtoTpooi: xpnon CO, wg nnyn C.

XNHEIOAQUTOTPOPOL: XPNoN anAwv avopyavwy r opyavikwyv oUuCIwV YId NNyn
EVEPYEIAC.

DOTOAUTOTPOPOI: XPrionN PWTOC YIA NNyN EvEPYEIAC.

H ouvdeon avaBoAiopou kal kataBoAiopou NpayhaTonolEiTal HEGW HOopiwV Mou
XpnoigonolouvTal ano Tov avaBoAiono evw napayovTal ano Tov KaTtaBoAIouo.



2. KATABOAIZMOZ



Bioxnuikn nePIAnWn kataBoAicuou

1. Ouaoiec uwnAnc evepyelac (n.x. oakxapa)
anoTeAoUV TNV apxIkn nnyn TnG EVEPYEIAC.

2. O1 ouoiec autec anodopouvTal (katapoAilovTar)
ue diapopeTikouc Tponouc (ny, n agpofia n
avaepopia o&eidwon TnG YAukolng, (Upwon K.a.).

3. H evépyela ano Tnv anodounon TWV OUCI®V
Xpnoigonoigital yia Tnv napaywyn ATP.

4. To popio ATP xpnoiponoigital anod 0Aouc TOUC
OpPYAvIOUOUC oav ToV EVOIQUETO HOPIO
kaTtaBoAiopou-avaBoAiguou.

5. MNapayerar enionc kait NADH 1o onoio divel
NAEKTPOVIA OTNV AVAnveuoTIKN aAucida Ki £TOl
napayeral nepiocotepo ATP.



®)

ATP: 1O VOUKA£OTIOIO NOU
anoBnKeUEl TNV EVEPYEIQ
NPOEPYXOLEVN Ano TOV
KaTaBoAIouO

H evepyela xpnoigonolgital
oTov avaBoAIouo:

A+ B + ATP — AB + ADP +Pi
n
A + B + ATP — AB + AMP + PPi

Avayevvnon Tou ATP and tnv
adevUAIKN KUKAGon:

2ADP — ATP + AMP


Presenter
Presentation Notes




KuUpiol 0doi TrTapaywyng evépyelag (ATP) oto pikpoBiako
KUTTOPO

1. OE10WTIKN PWOPOPUAI®ON
Avayevvnon ATP ano Tnv kAion H* eykapoing TG KUTTaponAaouaTIKNG
HePBpavng (NUpooTa®uUAIKO Kal YETA). Mapadelypa: avanveuoTikn aAuaida.

2. PDwoPOoPUAIMON O ENINESO UNOOTPWHATOC

Avayevvnon ATP (1 GTP) oTo KuTTapOnAacpa ano Tn METagopa Hiag
PwaPopIknG opadag (PO,) ae ADP (7 GDP) a1m6 éva @uwo@opuUAIwpéVo HOPIO
UYPNARG evépyelag pEow KATtaAAnANg kivaonc (n.x. PEP kar kapBo&u-kivaon
TOU PpWOPO-evOAO-nupooTapuAikou). Mapadeiypa: yAukoAuon/UHwWOEIC.



Bioxnuikoi 0d0i TTapaywyng evEPyeiag
aT1TO TOUG OPYOAVIOHMOUG KATA TOV KATABOAICHO

2.1. MA\ukoAuon kai AepofIkn avanvor

2.2. AN\a BEpaTa oXeTIKA pe TN YAUKOAuon/KaTaBoAIouo
2.3. KataBoAiopoc Ainapwv o&ewv

2.4. KataBoAIopocC NpwTeEivwv

2.5. Zupwoeic (NpwToVEVEIC kKal OEUTEPOYEVEIC)

2.6. Avaepopikn avanvorn



2.1. TAukOAuon Kail AgpofIKN KUTTAPIKN
QVOATTVON



2.1. TAukéAuon kail AgpoBIK KUTTAPIKNA

OVOTTVOR

KataBoAiopuég yAukolng Kai
O&e1IdWTIKA pWo@opuUAiwon

H por mrpwrtoviwv (H*) oT1o TrepiTTAAOHA AOYW HETAPOPAG
NAEKTPOVIWV ATTO TNV avaTIveUuaTIKA aAugidag oTto O,,
dnMIoupyeEi KAion ouykEvTpwong HY ueTagu trepITTAAOUATOC Kal
KUTOOOAIOU.

H €10p0r TwWV TTPWTOVIWV OTO KUTTAPOTTAACUA NECW EI0IKNAG
TTPWTEIVNG-UETAPOPED XPNOIUOTIOIEITAI VIO T oUvOeon Tou ATP.

4 ortadia

2.1.1 T \ukoAuon

2.1.2 MetaBaTikn avTidpaon

2.1.3 KukAog Tou Krebs

2.1.4 AAUCIda PETAPOPAC NAEKTPOVIWV



AukoAvon: 4 duadopetikol YAukoAuTikoL odol ota Baktnpta:

1. KatapfoAikn o6oc Embden-Meyerhoff-Parnas (EMP)
« “KAhaoowkn” yl\ukoAuvon (66-80 %).
 2xebov og OAoUC TOUC OpYaVLIOUOUC.

2. Oeldbwtikoc kKUKAoC Twv dwodopormeviolwv (PPP)
*  YNAPXEL OTOUC TEPLOCOTEPOUC OPYAVLIOUOUC.
*  JUvBeon mevtolwv OV XPNOLUOTIOLOUVTAL VLo TN oUVOEDH TWV
VOUKAEOTLOLWV.

3. KataBoAwkn 060o¢ Entner-Doudoroff (ED)

* Xtnv Pseudomonas, oxetllopeva yevn Enterococcus
Kol LEPLKA apxaia tou & dlabgtouv dwododpoukToKklvaon.

4. KatafoAwkn 060¢ dwodopokeToAdonc
EtepolupwTtikd yodaKTika BaktApla kot oésofaktnpLa, ..
Yta Bifidobacterium (yahaktikd Baktripla) kot Leuconostoc mesenteroides.

H dtadopd EyKkettal LECW TIOLWV EVOLAUECWV KATAAYOUUE GTNV
bwodopkn YAukepaAdeiidn kot oto mupootoidUALKO oL



2.1.1.1 «KAaooikn» yYyAUKOAuUON

O&eidwon evoc popiou YAUKOING o€ 2 popia
NUPOOTAPUAIKOU OEEWC.

N'vwoTn Kal w¢ katapoAikn 0d0¢c Embden-Meyerhof oTa
EUKAPUWTIKA KUTTApPA.

Aev oxeTi(eTal anapaiTnTa PYe Tov agpofio YeTaBoAiouo.

TeAika npoiovra:

— 2 NUPOoTAPUAIKG 0&ea
— 2 NADH + 2 H*

— 2 ATP



KataBoAIopog: ofeidwon ouoiwv (MY oakxapwv) yia napaywyn EVEPYEIAq

2.1.1.1. KatapoAixn 080¢ Embden-Meyerhof-Parnas (EMP) TAYKOAYZH
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KataBoAikr) 006¢ Embden-Meyerhoff-Parnas (EMP)
2uvoyn:

zlucose

2 ATP
l@ 2 ADP

2 Glyceraldehyde 3-P (3-carbon intermediate)
4 ADP

2 NAD i
2 HADH@D QdATP

2 Pyruvic Acid



2.1.1.2. KataBoAikr) 000¢ pwo@opoTtreviolwy (PPP)

Apyika. KataBoAikn 000¢ Embden-Meyerhof-Parnas (EMP)
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2.1.1.2. KataBoAIkr} 0d0¢
pwoopoTtreviolwv (PPP)

 Amnodoun 5-6 C
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KartaBoAIkr 000¢ pwaoopotreviolwy (PPP)

2.uvoyn:
Glucose
!
Phosphogluconate
Intercoversion of intermediates i
5-C 4-C. 7-C 6-C & 3-C
Go to the EMP pathway \L \L

Pyruvic Acid + NADH + ATP



2.1.1.3. KataBoAikr) 0d0¢
Entner-Doudoroff (ED)

https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC545716/

Phosphogluconate dehydratase (edd)

J Bacteriol. 2005 Feb;187(3):991-1000.
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2-dehydro-3-deoxy-phosphogluconate aldolase (Eda, eda) \ 6-P gluconate
/ + LG

Multiple regulators control expression of the
Entner-Doudoroff aldolase (Eda) of E. col..
The Escherichia coli eda gene, which encodes
the Entner-Doudoroff aldolase, is central to the
catabolism of several sugar acids. Here, we
show that Eda synthesis is induced by growth
on gluconate, glucuronate, or methyl-beta-D-
glucuronide; phosphate limitation; and
carbon starvation. Transcription of eda initiates
from three promoters, designated P1, P2, and
P4, each of which is responsible for induction
under different growth conditions.

NAD'; P,
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ADP
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ADP

Pyr

Pyr



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC545716/
http://www.ncbi.nlm.nih.gov/pubmed/15659677

KartaoAik) 006¢ Entner-Doudoroff (ED)
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KataBoAikh 006¢ Entner-Doudoroff (ED)
2uvoyn:

Glucose

|

Phosphogluconate
Glyceraldehyde 3-P + Pyruvic Acid
Go to the EMP pathway l

Pyruvic Acid + NADH + ATP



PHOSPHOKETOLASE PATHWAY

GLYCOLYSIS
Glucose Glucose Glucose Pentoses
f—l—\ 4 ™ i %
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2UYKPIoN ME KAQOOIKN YAUKOAUON



2.1.1.4. KatapBoAikr) 0d0¢

PWOPOPOKETOAATNC
2.uvoyn: Glucose
Phosphogluconate
b-C Intermediate + CO-
lgowagoopomro/\o’ron
Glyceraldehyde 3-P + Acetyl CoA
Go to the EMP pathway \L

Pyruvic Acid + NADH + ATP



2.UYKPION YAUKOAUTIKWY 00wV

“KAaooikn” PPP Entner-Doudoroff
yYAukOAuon EMP

NUPOOCTAPUAIKO
2 NUPOOTAPUAIKA | K ppoukToln 2 NUPOCTAPUAIKA

MpoiovTa | 2 ATP 6 CO, 1 ATP
12 NADPH 1 NADPH
2 NADH 1 NADH

2 Ht 12 H* 2 Ht




2.Uvoywn YAUKOAUTIKWY OPONWYV

http://textbookofbacteriology.net/metabolism 3.html



http://textbookofbacteriology.net/metabolism_3.html

KartaBoAikr) 006¢ Entner-Doudoroff (ED)
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KaTtaBoAikr) 000¢ ¢wo@opoTTEVTO{WY
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http://www.pnas.org/content/113/19/5441.full.pdf

KataBoAikr 006¢ Entner-Doudoroff
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[ AUKOAUTIKOI 000i YIa OIAPOPETIKA €i0N

EMP PPP ED
Acetobacter aceti - + _
Bacillus subtilis kKUpla eAN\Aowv -
E. coli + - _
Lactobacillus acidophilus + - -
Pseudomonas aeruginosa - - +
Vibrio cholera eA\AowWV - KUpIa




2.1.2. MetaBaTikr avtidpaon

NupooTa®uAikd + CoA + NAD* — akéTuho-CoA + CO, + NADH + H*

e 2UvOeel TN YAUKOAUON HE ToV KUKAO Tou Krebs

- TeAIka npoiovra:
— 2 akETUAo-ouveviupo A
~ 2O,
— 2 NADH + 2 H*



2.1.3. KukAoc Tou Krebs (kUKAOC TOU KITPIKOU
0&EWG)

« AkoAouBia xnuIkwv avTidpacewv nou apxi(ouv Kal
TEAEIWVOUV LE TO KITPIKO OEU

- TeAIka npoiovra:
—2 GTP
— 6 NADH + 6 H*
— 2 FADH + 2 H*
—4 CO,
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http://en.wikipedia.org/wiki/Citric_acid_cycle#/media/File:Citric_acid_cycle_with_aconitate_2.svg

Respiration: Preliminary Reactions and the Krebs Cycle

Pyruvic Acid (3C) + NAD + CoA —— Acetyl CoA {2C) + CO» + NADH

NAD
6C NADH
CO»
4C "Start"
NADH 5C
NAD
FADH NAD
NADH
“ATP“ 4C CDE

"ADP" + P



2.1.4. AA\ucida JeTaPOPAC NAEKTPOVIWV

« 2UMPBaivel oTa piroxovopia kai Tnv BakTnpiakn HePPpavn
« BaoileTal oTn XNUEIWOU®WOT)

— TeAika npoiovTa: 34 ATP
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[Tw¢ TTpokuTTTouV Ta 34 ATP Q110 TNV
QVATTVEUOTIKN aAuCioaq;

3 ATP yia ka6 NADH + H*
2 ATP vyia kGBe FADH + H*

NADH + H* FADH + H*
FAUKOAUON 2 « [AukOAuon 0
MeTapaon 2 « MeTaBaon 0

KukAoc Krebs 6

KukAoc Krebs 2

> UVOAO 10 > UVOAO 2

10 x 3 = 30 ATP 2 X2 = 4ATP



2. UVOAIKN TTapaywyr ATP atro tnv TTARpn oceidwaon evog
uopiou YAUKOZNGC TNV agpofikn avartrvon

ATP
« AukOAuon 2
« MeTafaTikn avTidpaon 0
 KukAoc Krebs 2
 AvanveuaoTikn aAuaida 34

e YUVOAO 38



2.2. AepofIKN KUTTAPIKK AVATTVON
OLHaTa OXETIKA ME TN YAUKOAUONH/KATABOAICHO



AAAa BEpaTa oXETIKA ME TN YAUKOAUOh/KAaTaBOAICHO

1. KataoToAn ano katapBoAitn (yAukoln)
2. KataBoAiopoc aAwv cakxapwv, napadeiyyaTa

3. ANol kataBoAiopuoi

4. ANo1 agpopikoi kataBoAiopol
5. ZUNWOEIC

6. AvaspofIkn avanvorn



2.2.1. KataoToA} atrd Tov KAaTaBoAiTn

O1 eTePOTPOPOI OPYAVIOHOI HTTOPOUV VA KATABOAICOUV DIAPOPETIKA CAKXAPA.

Ta TpoidévTa atroddunong €I0AyovTal OTIC YVWOTEG, TTPOUTTAPXOUCEG KATABOAIKEC 0D0UG.
Opwg, yia Tnv €vap¢n Tou KataBoAiopou Twy, atraiteital N Bloouveeon v UPwWYV (KIVAOEC,
IOOMEPAOTEG, AADOAACEG) KA HETAPOPEWV (TTEPUEATEC) TTOU Ba ETTITPEWPOUV AUTO TO
METABOAIOMO.

H yAUKOZN KaTtaoTEAAEI TNV €TTAYWYN TNG OUVOEONG TwV EVCUPWY KAl JETAPOPEWY YIa TO
METABOAIONO EVOANOKTIKWV CAKXAPWV.

Alpaoiki aunTiki TTopEia avatrTugng n diaugnon

O1 opyaviOMOi TTPWTA KATAVAAWVOUV TN YAUKOLN Kal KATOTTIV BIocUVOETOUV Ta Eviuua
TTOU ATTAITOUVTAI YIa TOV KATABOAIOUO AAAWY GAKXAPWV.



2.2.1. KataoToAn a1Td TOV KATARBOAITN

Optical density at 610 nm

(open symbols)

0.3

1
50 100

Time (minutes)

|
130

2000

1500

1000

500

B-Galactosidase (units/ml)

(closed symbols)

Delayed appearance of f-galacto-
sidase in E. coli growing in a
medium containing initially 0.4
mg/ml of glucose and 2 mg/ml of
lactose. The left-hand ordinate
indicates the cell density of the
growing culture. [From W. Ep-
stein, S. Naono, and F. Gros,
Biochem. Biophys. Res. Commun.
24, 588 (1966).]



Evepyotroinon petaypagpnc amo tov cAMP-CAP (Catabolite
Activator Protein) oto otrepovio AakTolNng

{a) Glucose present (CAMP low): no lactose

CAPQ
N
| . @ O [ G G S

f
l F W Operator

o

Reprassor

ib} Glucose present (cAMP low); lactose present

BB R = " SR B 4 U

Very little lac mEMNA

"‘ M Inucer-

P repreassor
Lactose

icl No glucose present [cAMP highl; lactose present

cAMP
|f|ﬁ>|| z i G

IR

h ,___Ei-!.:r Abundant lac mENA




2.2.2. KataBoAIoHOG AAAWYV CaKXApwYV, TTOPadEiypaTA :

FaAakTéln — D-yaAaktdoln (— 6-P-gppoukTtdln) kai D-yAukoldn
MaAT16ln — yAukoln (— 6-P-yAukddn)
MavviToAn — 6-P-@ppoukTtoln

®oukodln kai Papvéln — P-01udpdcu akeTovn Kal YaAAKTIKA aAdelion

MNnkrivn: pe peBuleotepdon — TTOAUYAAQKTOUPOVIKO O&U

TTOAUYOAQKTOUPOVIKO 0EU + Audon TNG TTINKTIVNG — OKOPECTO OIYAAAKTOUPOVIKO OCU
TTOAUYOAQKTOUPOVIKO OEU + TTOAUYAAQKTOUPOVACN — KOPEOHUEVO OAIYOYOAAQKTOUPOVIKO
— 2-KETO, 3-010¢U, 6-P-yAUKOVIKO — TTUPOCTAQPUAIKO

Kuttapivn: + €voo kal £€w —B-1,4 yAukavaoceg — KeEAAOBIOIN

KeAAoBI16{n + B-yAukoliddon — YAUKOln

MUKNTEC, CUPPBIOTIKA BaKTAPIA JUPNKAOTIKWY, Aiya BeTIKa Katd Gram avagpopia
Sporocytophaga kai Cytophaga (KUTTapivoocwua).

Apulo: a-apuAacn — a-yAukodn + a-uaAtodn

B-apuAdon — B-paAtodn
ApulotrnkTivn, YAUKoydvo — yYAUKO(n, HaATOCNn, deCTpivn (a-1,6-yAukoliddon).
NMouAAouAdvn (PHaAToTpIOleC pE a-1,6): TTOUAAOUAavAoEC (YAUKOOQUUAGOEC — YAUKOLN,
TUTTOU | — paATOTPIOCN, 100-TTOUANOUAQVAOCEG, O-YAUKOJIOAOEG).

KukAodegTpivn: KukAoOeCTpIvaoeg (Bacillus).



MepiAnwn KATABOAICHOU GAAWY CAKXAPWYV

Starch

Starch

SUCTOSE

= faltose

= Glupoas

Fructoss

Glycogan

Y
= Glucose-1-F =

L
= SGlucose-5-F

L
*= Fructose-6-F =

¥
EMP pathway

Calihiosa

Ealaciose

Mannocse



[MapadeiypaTa

ATTO00MNON apuAou atro Bacillus subtilis TTou TTEPIEXEI AUUAACEC

Moppupd paupo
XPWHa atTd TO
OUMTTAEYUO QPUAOU-
lwoiou

T. D. Brock



MNapadeiypata

ATTOd0UNCN KUTTAPIVNC

Bacteria
(Sporocytophaga
myxococcoides)

Cellulose fiber

A i
PR men® * e

B. V. Hofsten



Cellulose
digestion v

Katherine M. Brock

[Mapadeiyuara

ATtroikiec Cytophaga hutchinsonii o€ TpuBAio ayapolng-KuTTapivng



2.2.3. AAMoI kaTaoAIoUOi

ApWHATIKA CUCTATIKA (TTX Alyvivn): £CEIOIKEUPEVOI HIKPOOPYAVIOUOI KAl JUKNTES

HpOH

H, COH
H; EOH

OH
HCOH HO
OCH,

HCOH

HOC—CH—CH,OH | HC—{CE'""”‘Y“’E"* "'ICOH OCH,
| HC—0 OCH, HC o
q H Cl‘,OH HETOH GHo |
CHO. ‘ OCH, O———CH
3 ; CHO H(l) OH
O0——CH
H(|J—0 H(|3 o Cle HzTOH
HT OCH, HT—CH oo H.COH Hclz—o
HOCH, OH HC—0 CH o—:lsﬂ H.COH HCOH
HO?H OCH, HOCH HJ:_O
|
HG @ SHo (I:HO
H CHO_CH H CHO O g
HOC—CH—CH OH
O—CH HC ™
HO. HOCH H.COH
HOCH | |
o—c|3H H|c o
OCH, 3
CHO HOCH, HC— &
o CH HZCOH c:o o
HC—CH ! HC 0 CH,
CHY HOCH | | | e OCH,
HE_ o CH, HO <|:H H?—o
H.COH HCOH
H?DH
HC‘:OH CH,O
o]
H,CO—--- OCH,

TuAUa TToAUhEPOUC Alyvivng

By real name: Karol Gtgbpl.wiki: Karol007commons: Karol007e-mail: kamikaze007 (at)
tlen.pl - own work from: Glazer, A. W., and Nikaido, H. (1995). Microbial Biotechnology:
fundamentals of applied microbiology. San Francisco: W. H. Freeman, p. 340. ISBN O-
71672608-4 This vector image was created with Inkscape., CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=1993633



2.2.4. AANNoI agpoBikoi KaTaoAiouoi

2.2.4.1 KukAoG Tou YAUOEUAIKOU: Xprion anAwv unooTpwudaTwy OTav anouoialel n
YAUKO(N o€ BakTnpia-puTa. XpnolJonoleiTal To 0&IKO o0&V yia TNV KAaTaokeur dUo
dIkapBoEUAIKwV 0EEwv Pe aAuaida 4 atopwv avopaka. O1 U0 OEEIOWTIKEG
anokapPBoEuAiwaelC Tou KUkAou TCA napakAunTovTdl Kal JETATPENETAI TO I00KITPIKO OF
HNAIKO (kal 0EaAOEIKO) Kal NAEKTPIKO.

Ynoorpwpata C,: C,H.OH — CH;CHO — akeTuho-CoA

' ' . , acetyl-CoA
akeTUAO-CoA + YAUOEUAIKO — HINAIKO, 0EAAOEIKO 2
YnoBonBdaral n oivOgon KITPIKOU oxaloacetate citrate
ano vnooTpwpara 2C, al\a /(\NADH +H' \
Kal N napaywyn yAukogng NAD"
v v al t L ]
ano 1o MNAIKO malate acetyl-Cod  isocitrate isocitrate
Hycrse
mtlate
syrthase
glyoxylate co,
fumarate
CO,

FADH,
N
http://www.chembio.uoguelph.

ca/educmat/chm452/lecture9.htm succinate



Glyoxysome Mitochondrion

4 o
ZTG (p U Tq . Aspartate \I{_I/ Aspartate
¥t ¥t
Oxaloacetate Oxaloacetate
KNADH
Acetyl n
CoA NAD
Citrat Malate
itrate
vt
NH Fumarate
Isocitrate K)F ADH 2
FAD
Succinate ————» Succinate

Glyoxylate

Acetyl
CoA Cytoplastn

Malate —— ESNENELTE R
', vy

The enzymes of the TCA cycle and the glyoxylate cycle are physically segregated, and
glyoxylate cycle enzymes are localized in a specialized organelle called
the glyoxysome. The glyoxysome lacks means for reoxidizing NADH, so has none of

the dehydrogenases. Glyoxysomes import fatty acids and aspartate. Fatty acids
provide the source of acetyl CoA.

http://www.chembio.uoquelph.ca/educmat/chm452/lecture9.htm



http://www.chembio.uoguelph.ca/educmat/chm452/lecture9.htm

2.2.5. Aepofikog katapoAiopog CH, ka1 CH,OH

MeBUAOTPOPOI €ival Ol OPYaAvICHOI MOU XPNOIUOMNOIOUV EVWOEIC MOU OTEPOUVTAI
C-C deopouc we 00TeC NAekTpoviwv kal nnyn C.

MeBavoTpool gival o1 HEBUAOTPOPOI Opyaviopoi nou Xpnaoiydonoiouv CH,

To npwTo BAua oTn HeBavoTpogia anaiTei TNV Hovoo&uyovaon Tou
uebaviou (MMO)

- unapyel diahutn MMO (sMMO)

- ka1 deopeupevn o€ pepPpavec (pMMO).

CH, + 1/2 O, — CH;0H uebavoTpoga BakTnpiq,
povoo&uyovaon Tou CH,, NAD(P)H

CH;OH + NAD* — HCHO + NADH + H* Baktnpia (+ATP) kai {upeg (-ATP)
HCHO + NAD* + H,O — HCOOH + NADH + H*
HCOOH + NAD* — CO, + NADH + H* Baktnpia kai (UHES

To NADH 0ivel nAekTpOVIA GTNV avanveuoTikn aAuaoida.



O¢eidwaon Tou CH, og CO, atro 1a yeBAvOTPOTTIKA
BaktApla

+
Out H H*
A A
QLIS

grnnnnnna

L (S (1

) ( 3

In 2H
02 H,O 2H

CH4 ~ CH30H—‘—> CH;_,O——»HCOO‘ ADP p1p C
@ NADH - > [NADH

Cell Carbon CO,
Membrane-
associated

Ag@udpoyovaan Tng HeBavoAng



TEAOZ NMAPAAOZHX



2.3 KataBoAIouog AITTapwyv ogEwv

[ Ui (1ats) |
r 14 r L4 1I AR
Aitidia: dpBova otn puon, atTTodououVvTal ) =
aTTd TTOAAOUC HIKPOOPYQVIOUOUC. A, e
Glyceal ’ .1| ity & L$_|
O kaTaBoAIoNOC TOuG apyilel ue udpoAuon ||
TOU £0TEPIKOU DECHOU ATTO ECWKUTTAPIKEG LW S
- , ’ , | : waba gacElon
AMitrdoeg. MpokUTrTouv AITTapd ogéa Kal | Dityskcnyecelone [ aaies
yAUKEPOAN OTTé TNV USPAAUGN TWV (SRR B
TPIYAUKEPIBIWV. Vi 4 |
i Glyoarsidatyde |-_ w-:a-.ﬁ.
3-phosphata :
v B
Glycolysis
L Pynusic seid
T

, " |
Acetyl Cod -4—"""}

/;f\\

krebs
|:_'5||:I|:

f"”/




Evepyotnta wa@oAITTaang ammo KAwaTPIdIO O€ KPOKKO auyou

L. Phospholipase activity: fatty
Ch:fst_r idium acids released leading to egg
periringens yolk precipitation

G. Hobbs

Inhibitor added: no phospholipase action,
thus no precipitation of egg yolk



AITTA0EC

Glycerol

H2(|:— O—Fatty acid
Hcl:— O—Fatty acid
H,C — O—_Fatty acid

1

Lipase
(a)

Phospholipase B
H,C — O—Fatty acid

1— Phospholipase A

Hc — O—Fatty acid

Phospholipase C
I8

|
H,C— O— P 0— (X)
c|)|I_ Phospholipase D

(b)



« Ta AiTtapd og€a oce1dwvovTal aTro Tn BNTa
oceidwon

— 2E1pA aVTIOPACEWY OTIC OTTOIEC Ol CUNMETEXOUOEC
OUCIEC EVEPYOTTOIOUVTAI APXIKA aTTO TO oUVEVCUNO A

— 1 AvBpaKeC ATTO TO CUPMETEXOV AITTAPO 0gU
atrogakpuvovTal d1adoxIKa divovTag akeTUA-CoA

* To TTpoKUTITOV AKETUA-COA KaTaBoAieTal néow
TOU KUKAOU TOU KITPIKOU



HyC — (CH,),— CH, — CH, — COOH

B r’]T(] O§£ iéwgn Fatty acid of (n + 4) carbons

ATP z
CoA-SH CoA activation

AMP + PP,

0]
2 Il
H3C = {CH2)H_ CH2 T CH2_C o COA

Formation of

\, FADH double bond
0

B

H;C — (CH,),— CH = CH = C — CoA

L~ H:0  ‘pddition of
hydroxyl

v

OH (o]
B o Il
HC — (CH,),— PCH — CH,—C — CoA

Oxidation
to keto
NADH
(0]
B
H;C— (CH;);— C — —C CoA

Cleavage to
yield acetyl-CoA

H3C—(CH2)H C COA + H3C C CoA

OewpnTiKA 17, TNV TTPAEN 14
ATP ava KUKAo

Activated fatty acid Acetyl-CoA

of (n + 2) carbons

ready for further beta
oxidation



To ouvoAo Twv ATP 10U TTOPAyovTal IcoUTAl JE AUTA TTOU TTaPRXOnoav Peiov autd TTou
KatavaAwenoav

2TOV KUKAO TOU KITPIKOU

1 FADH, trapayel 2ATP otmnv mpdagn 1,5
1 NADH trapdyel 3ATP otnv Tpden 2,5
1 AKETUAO ouvévCuuo A TTapayel 12 ATP otnv mpacn 10

2 UVOAO 17 14

Na éva Kopeopévo AITTapod ou pe apTtio apiBud atopwyv avlpaka C,
(n-1)*14 + 10 (ak€TUNOCOA) — 2 (y1a evepyoTToinon) =  ouvoAika ATP

[a n =8 (TTaApITIKG 16 dvBpakec), Ta ouvoAika ATP cival 106



2.4. KataBoAIouog TTpWTEIVWV




2 . 5 . ZU u(b GE l.q (Kupiwg atrd YAUKOLN)



* O1 opyaVvIKEGC EVWOEIC TWV eUPiwv KaTaBoAilovTal
LE OUO OIadIKACTIEG:

— Avartrvon
o Ta NAEKTPOVIO JETAPEPOVTAI O EEWYEVEIG ATTODEKTEC
- AgpoBIKn Kal avagpPoBIKN

— ZUupwon
« O 00TNC Kal atTodEKTNG NAEKTPOVIWYV gival n id1a Eévwon
(NADH S NAD™). ZXeTIKA MIKPH aTTOd00N EVEPYEIQC.



ZUPNWOEIG (kupiwg amd yAukoln)
OpI1ouoG:

Aveéaprntn amro 1o O, KUTTAPOTTAAOUATIKY dladikagia oggidwaong,
TToU TTEpIAauBavel cuvBwe TNV KAaooik YAuKOAuon (avaywyn
NAD* oe NADH ka1 Tpoiov TTupooTa@uAIKO), n otToia dev
ouveyicel pe TNV aAucida peTapopag nAektpoviwy oto O,,

OAAG pE Eva eTTITTPOCOETO avagpofiIkd oTAdIO TTOU KATAAAYEI
OTNV ATEAR avaywyn Tou TTPOIOVTOC YAUKOAUONG Kal OCEidwarn Tou
avnyuevou NADH og NAD* oUTwe woTe va diacpalileTal n
ouvéxela TNS YAUKOAuonc.

OT110TE: 01 (UMWOEIG ETTITPETTOUV TH OUVEXION TNG YAUKOAUONG
Kol TNV ouvexn rapaywyn ATP atré tn YAukoAuon. Ta
UTTOTTPOIOVTA TNG (UMWONG (aEpia, aAKOOAEC, ocEa) attoBaAAovTal
oTOV TTEPIBAAAOVTA XWPO.

2NUEIWTEOV: N (Uwon Oev €ival TUTTOC avagPOBIKNC avaTTvonc.
O1 (upwoeIC YivovTal aveEapTnTWE TGS TTOPOUCIaC 0EUyOvou.



KataBoAIopog: ofeidwon ouoiwv (MY oakxapwv) yia napaywyn EVEPYEIAq

1. KataBoAikr 000G Embden-Meyerhof-Parnas (EMP) FTAYKOAYZH

4 R .

N " Hexoklnase

Pyruvate S

Pyruvate kinase N o’ e B‘ Phosphoglucose
: Mg+t N isomerase
Glucose b/ o o \
ADP Glucose 6—ph05phate b}.r
ADP -

w Enolase e " "

Mg+t o --

J T Fructose 6-phosphate H " Phosphofructoklnase

J‘h >>* 0w -~ x2 Mg**
Phosphoenolpyruvate H,0 'k(o o~ e
. \ ~ .
H = -~
@ Phosphoglycerate T~

2-phosphoglycerate Phosph @
Fructose 1,6- b|sphosphate
e \:). o

Legend pRE
Fructose bisphosphate aldolase

Phosphoglycerate 1
3-phosphogl cerate

; :”“:"39“ Adenosine phosphogly nase Glyceraldehyde 3-phosphate

darbon :
N ‘ . (riphosphate @ Glyceraldehyde phosphate
o
o
Triosephosphate isomerase

dehydrogenase |

© Oxygen
Adenosine 2 1
Phosphate group ADP i bhosphate H, \(ﬁn mgtt | e a )
" H
) . h H -H—
Y \ %o
®

H, PO, Inorganic phosphate s Ireversible reaction ADP :
++ N (highly exergonic) e
Mg Magnesium ion (cofactor) . L)
4 . ~agfe=p- Reversible reaction = NADH, H NAD™ | n
NAD Nicotinamide adenine bisoh hoall o H,PO, |
dinucleotide 1,3-bisphosphoglycerate .
’ pnosphogly & } Dihydroxyacetone phosphate

Hexokinase Enzyme




XAPAKTNPIOTIKA TWV CUNWOEWY OTTO 0aKYapa

1. ATtO tn YAUKOAUON mtopayovtal apxtka 2 ATP ko
nUpPooTtadUALKO o0&V peocw pwodopuliwoncg o emnimedo
urtootpwpatoc. 2tn dtadikaoia avayetotr to NAD* o NADH.

2. To mupooTtaduALko oL (oo tn YAUKOAUON), avayeTal O
avnyUEVA opyavika ocea ) aAkooAec amo to NADH mou
oéetdbwvetal oe NAD*. E€aodaAileTol £TOL N CUVEXNC TTAPOXN
NAD* tou €lval anopaitntn yla tTn ocuvexton tng yYAukoAvonc.

3. Tehwka poiovta (ekkplvovtal):
—0O&a: YOAOKTLKO, 0ELKO, BOUTUPLKO, OLKETOVN
—AAKOOAEC: alBavoAn, LooTPOoTtUALKH AAKOOAN
—AgpLa: CO,, H,
—Mpoouiéelc
—E&tpa ATP amo devutepoyevn (Upwon (rap. 5.7):
0&LKO (2), mporoviko (2), Boutupko (2), BoutavoAn (4)



Ala@opd CUMWONG KAl AVATTVONG

Fermentation:

+ grganic substrates, e.g. glucose, are metabolized without the
involvement of an exogenous {external) oxidizing molecule,
eg.0,

* fermentation is typically {(but not necessarily) anaerob

oxidized

substrate product(s)
e+ 2 H

T NAD+ NADH +H*

le+2 H* !
reduced internal

end products intermediates
e.g. Butandiol e.g. Pyruvate
Respiration:

+ organic substrates, e.g. glucose, are metabolized with the
involvement of an exogenous (external) oxidizing molecule

oxidized
product(s)

substrate
2o +2H*

)

NAD+  NADH +H*

Ze +2 H
reduced \3_/

external
molecule
eg H,O
exogenous
oXxidizing
muolecule

Graphic@E. Schmid-2002
eg. O,



H Copmon umopet va, 0moEL
81a(p0p8m<0c TEMKQ npowvw

1. oV opyow.tcsuoi)
2. Apyikd vtOGTPOUOL

3. 2vppueteyovra Evovuo



2.5.1. ANKOOAIKN CUpwaon

MapayovTar 2 ATP

TeAIko npoiovTa: aiBavoin kai CO,

XpnoiyonoleiTal oTnv napaywyn TPOQIHwyV

— AANkooAouxa nota - MAeukoc, apulouxa dlaAuuara
— Wwpi - AguAo

Saccharomyces cerevisiae  ((UUN)



AAKOOAIKN Cupwaon

2 % D-Glyceraldehyde 2% ADF 2w ATF Pyruvic Acid
J-phosphate
2- H
O3P‘x ;_;CE H ’ Hac\xﬁ,CDGH —
8 \Lﬁt’ ) F'D43'
O MNAD NADH
Co,
OH 5 5 T
HO ' ?
HO OH! C H,C or
0 ; ; H Enzyme
HOLCH; (Pyruvate
5lucose ' Decarboxylase)
Ethanol | '
A MAD* MADH
CH i
H,C i i H,C
3 h‘“-,__q_cf" 3 \xﬁ'fLH
H _

Acetaldehyde

TAukOAuon

Avayévvnon
NAD*



2.5.2. ZUPwon YOAOKTIKOU OCEWC

 [MapayovTar 2 ATP

e TeAikO npoiov: yaAakTiko ofu (orolupwon)
« [pokaAei aA\oiwon TwV TPOPIHWV

« XpNnOIYOMOIEITAl OTNV NAPaywyn TPOPINwV

— [aoupTi - TaAa
— Toupoid - Ayyoupia
— Zivodaxavo - Aaxavo
- evn:
— Streptococcus

— Lactobacillus



(a) Lactobacillus glucose ———s fructose diphosphate

2ATPF 2 ADP
2 ADP 2 phosphoglyceric acid «=——2 triose phosphate
2 NALDH, 2NAD
ZATP 2 pyruvic acid > 2 lacticacid ZU MwOon YG)\GKTIKOU o&éwg

(b) Saccharomyces slucose———» fructose diphosphate

2 ATP 2 ADP
2 ADP 2 phosphoglyceric acid «=———2 triose phosphate
2 NADH, ZNAD
ZATP 2 pyruvic acid » 2 alcohol AAKOOAIKN CUuwaonN

=<

2 C0,



2.5.3. Ouolupwaon yAukolncg TTpo¢ YOAOKTIKO O¢U

Homofermentative

Glucose
ATP
KADP
ATP
KADP

Fructose 1,6-bisphosphate

Aldolase

2 Glyceraldehyde __., Dihydroxyacetone
3-phosphate ~— phosphate

P
NAD* €-eeveu,
NADH ----._

2 1,3-Bisphospho-
glyceric acid

ADP

ATP

ADP

ATP
2 Pyruvate™
NADH <-=-"

*asssssssscsssssssssssnsssnnnnnnnannd
L)
NSNS SSSESSNSEsEEssEEssssSRESSRERSEREE?

evosmuns® Net gain =2 ATP
HAD? 2 lactate per glucose
2 Lactate” molecule fermented




2.5.4. Erepolupuwaon YAUKOZNG TTPOC YAAQKTIKO OCU

Heterofermentative

Glucose

ATP

KADP
Glucose 6-phosphate
1~ NADT #eccccscscssfescccccecascans "

NNJH .......................... i

6-phosphogluconic acid

MNa pdﬁalyp a TETOIOU Ribulose s-phﬁéphate +
OpYGV|0-lJOl’J, Pentoses l

Xylulose 5-phosphate

.
.
.
.
L]
.
L]
H
)
.
.
)
1)

P; :

.

Phosphoketolase H
L)

L)

"

L)

L)

"

:

Glyceraldehyde Acetyl
3-phosphate phosphate

P, NADH 4-==--*
NAD* 4= preea, NAD+ """""" £

Acetaldehyde

NADH desssssssonnss®
NAD! ssescccssssssccss® o

Ethanol

s -
T T T T T T T LT T L

1,3-Bisphospho-
glyceric acid

ADP

ATP

ADP

ATP
Pyruvate™

INADH <---*

*assssssssssssssssssssssssssnsnannnn®

o Net gain =1 ATP
(1 lactate + 1 ethanol + 1 CO,) per
Lactate™ glucose molecule fermented




2.5.5. ZUPwaon MIKTWV 0CEWV

 MapayovTtai 2+2 ATP
« TeAika npoiovTa - opyavika o&ea

Fermentation Pathways: Mixed acid fermentation

Pyruyvic Acid + NADH > Lactic Acid + NAD
L Acetic Acid + Formic Acid
> Ho + COs

 Escherichia coli kal aA\a evTepoBakTnpla L Carbonic Acid

Quuicel Tnv KataoAikry 006 Tn¢ Pwo@opoKeETOAAONG.



ZUMWOELC ULKTWV 0EEWV

ZOuwon MIKTWV o¢Ewv atrd TV Escherichia coli. To TTapaywdevo atrd YAUKOAUGON
(Embden-Meyerhof) TTupooTa@uAikd, KataBoAieTal o€ Eva HiyHa EVWOEWV OEEWV.

(Gchonsns produces pyruvate... CH3

CHOH Lactic

2 NADI—I acid
;L, coon
Glucose

H
COOH COO
Pyru:lnc LAl Succinic
acl acid
+ CoA ?HZ
/ COOH
CH;— HEGOH =GO L
Formic
Acetyl CoA acid
...which is
CoA converted.
4 H
OO CH3CH,OH
3 Ethanol

Acetic acid

MICROBIAL LIFE, Figure 19.2 © 2002 Sinauer Associates, Inc.



ZUpwon MIKTWV o¢Ewv atrd Tnv Escherichia coli. To TTapaywuevo atmd yYAUKOAuon
(Embden-Meyerhof) TrupooTa@uAiko, KaTaBoAileTal O€ Eva HiyHa EVWOEWY OZEWV.

Y, mADH

_}i\*uﬂnﬂ
S ATP
Zuccinate o

Oxsloacetate +=— PEP

ATP ./1 Mol A

PV e — Lactate

A

ﬁﬁﬁﬂiﬁyﬂe +— Acety-CoA Farmate
Ethanol .I!l.TP'"4 o A co,

EME THE EES-EINTHA OO SEEENT e AL ™




2.5.6. Zupwon 2,3-BoutavedloAng

Glycolysis produces
pyruvate...
Thiam}ilne .
pyrophosphate
NAPH o, (TPP) CH,

NAD { | |
Glucose @=0 ; HC — OH + CO,
I \

COOH TPF
o Pyn,':{ic Hydroxy-
)( aci ethyl-TPP
O

Vi
CH,C_ HCOOH — CO, + H, |
CoA Formic =
4H acid

ZUUwaon JIKTWY ogEwv, aAAa
ME TTEPIOOOTEPA OUDETEPA
TTpoiovTa (2,3-foutavedIOAn,
a18avoAin), CO, kail H,,.

More

carbon
dioxide is
formed.

CoA

CH,CH,OH
Ethanol

Acetolactic acid

l\‘ CO,

...which is
converted.

CH;, CH,
l |
HCOH cC=0
I 2H |
HC —OH HC —OH
| |
CH, CH,

2,3-Butanediol Acetoin



2.5.7. Z0Upwaon TTPOTTIOVIKOU OCEWC

 [apayovtal 2+2 ATP
« TeAIka npoiovTa :

— lMponioviko o0&y

— CO,

* Propionibacterium sp.



HOCH,

oA 2UVoYIg

NAD" HO
Lactate NADH + H- B-D-Glucose 5 H,

J NADH + H*
ATFP

HS-Cos + 2 Fd
Pyruvate Clostritlia bactaria

=" CO,

CO, + 2 FdH

E.coli —
Aarogenas G
II: Oxaloacetate Acetyl-CoA Formate Acetyl-CoA
: P, [H]
: [H]L | H, YMP
ATP shcon P\_/
co, Succinate Acetaldehyde Acetacetyl-CoA Acetate
Acetyl- [H]

ADP . phosphate [H] l CO,
o ATP.
[

H]
Butanol
€ = Pyruvate-Formate Lyase

[H] = NADH + H* 2-Propanol

Graphic@E. schmid-2008

http://classroom.sdmesa.edu/eschmid/Lecture5-Microbio.htm



http://classroom.sdmesa.edu/eschmid/Lecture5-Microbio.htm

2.5.8. Napadeiypa uttoAoyYIOTIKOU JOVTEAOU CUNWOEWC



ATP

Glucose

[0.5]
ADP

Ethanol

Acetate

ATP

Lactate

CcO02

Pi

ADP




Fermentation pathways in Lactococcus lactis. Abbreviations for Equations (11) and
(12): PYR, Pyruvate; ACCOA, Acetyl-CoA; ACAL, Acetaldehyde; ACP, Acetyl-P.
When processing this model with SymCA, the following expression for C,? is
generated, which we show by way of example:

(24 terms)
S QS WO I0E WO WL S R N s Metabolic control analysis
COA NADH oA NADH
JJJ et et et e 2 JJJed el &b e 4
145 6% 4= ace® ondSaaneS rre V1Y Y 6% acne® ace® cou® saneS rre
COA MADH 04 NADH (1 1 )
_ Jds ﬁflmﬁlmfgmfﬁszim + Jifaf ﬁE;ﬂAzEjiGPEgﬂAEiIADHEi}’R
COA NADH 04 NADH
J1ds Jﬁglmﬁiﬂcmgimﬁimﬁim _ Jljsjﬁ'fic.uficcmﬁic?&;mnﬂﬁim httD //WWW be| |Stei n-
N ACCOA NADH ACCOANADA institut.de/escec2007/proceedin
e e e s e s s gs/Rohwer/Rohwer.html
_ T3 68 4% Ao e aceSamnere | D193V 6S acur® Acoon® ace Sianers E
ACCTOA NAD ACCTOA NAD

4 7 6 5 3 ¢ 7 6 5 3
E _ S35 acurSacet cadfion e | I 25T 68 acus® e coafimne i

04 MADH COA MADH

_ S5 us'fjim'fjmpf E'G.AE;HDHE fm _ S35, ﬁfim'flcpf gfm'f;mgf .Er'}'se
O MADH COA MADH

_ I T 5, ﬁgimglcp'f g'm'f;mﬁim Ty 5, ﬁ'ffqmzﬁlc?'f g:m'f;m&.lﬂm
ol WADH oA WADH

+...

3

(12)

g gt 7 1 FTget g 71
4+ Y2 65 acar® acoan® eSS rre 1Y 3V 6% anar® aocoa® ace S e

ACCOA NAL

4 6 73 2
_ I o5 o ar® e a® ace Sianers

ACCOA NAD

4 § 73 1
105 68 genar® A cvna® aceSan® pre

ACCTOA NAD

ACCOA MAD

with the denominator Z given by:
(56 terms)


http://www.beilstein-institut.de/escec2007/proceedings/Rohwer/Rohwer.html

ZUPMWOEIC OAKXAPpWYV

’ Glucose
-|T£p|)\nlpn (or other sugar)
L)
b=t
[
o
=t
o)
£
Butyric acid
Lact Homolactic acid Y Butyric-butylic butanol,
- I:IjC , Pyruvic Acid . IS0 oyl
AC fermentation fermentation slcohal acetone.
and GO,
Ethyl alcohol Butanedicl
and GO, and CO»

Acelic acid,
sUccinic acid,
ethyl alcohaol,
COs, and Ho

Froplionic acid,
acelic acid,
and GO,




2.5.9. Zupwon apivocewv atro Clostridium sp.:

Oxidation steps

n avtidpaon Stickland

Reduction steps
Glycine

H Alanine
|

H3C—(i7— COO NAD*
NH, NADH <

j 2 Hzt.l‘.—coo
NH,

Pyruvate, NH;
CoA
{Hsc—c —coo—} /
|
NAD*

0
CO, NADH

Acetyl-CoA

(_— Pi
S CoA

Acetyl ~ P

ADP
/
K ATP

[H,c—Cc007 Acetate™

D S

2 Acetyl ~ P
2 ADP

Substrate-level —
phosphorylation

2 ATP

'}

Amino acids participating in coupled
fermentations (Stickland reaction)

Amino acids Amino acids

oxidized: reduced:
Alanine Glycine
Leucine Proline
Isoleucine Hydroxyproline
Valine Tryptophan
Histidine Arginine

2 Acetate™ 2[H,C—COO-| + 2|NH;

Overall: Alanine +2 Glycine + 2 H,0 + 3 ADP + 3 P, —> 3 Acetate™ + CO? + 3 NH,* + 3 ATP




2.5.10. Agutepoyeveig CUPWOEIC
Acutepoyevng Cupwaon
O KATaBOAICHOC TWV TTPOIOVTWY TNES TTPWTOYEVOUC CUNWOEWGS
— Kluyveromyces kluyveri
AIBavoAn + o&IKO — KaTTPOoIkO + BouTupikd + VATP
— Propionibacterium

[[OQAQKTIKO — TTPOTTIOVIKO + 0gIKO + VATP

[aTi o1 deuTepoyeveic CUPWOEIG;

[AukOlnN — 2 yaAakTIKG AG’=-196 kJ/mol
+ 2 ATPs = +63 kJ/mol

-133 kd/mol €ueivav oT1o YaAQKTIKO
ATTwAEIa eveEpyelag!

O1 deutepoyeveic Jupwoelg ecac@aliouv TTEPICOOTEPN eVvEpYEIa (ATP)
aTTO TOV KATARBOAIGHO TWV TTPOIOVTWYV TNG TTPWTOYEVOUG (UNWOEWG.



3 Lactate™>

ZUNwon TTPOTTIOVIKOU 0¢EWG aTo Propionibacterium

3 NAD*

3 NADH
3 Pyruvate

ACOZADP"’}\

2 Oxalacetate>~ "

. ¢ Acetate> + CO,
., ATP +NADH
K 2NADH .

2 NAD*
2 Malate?"

}‘2H20

2 Fumarate?~
ADP

2 NADH
ATP 2 NAD*

2 Succinate?”

CoA transfer

—
- -~

‘. 2 Propionate”"

~—_1———

2 Succinyl~COA =====p 2 Methylmalonyl ~ CoA
Overall reaction:

3 Lactate —> 2 Propionate™ + Acetate™ + CO2 + H2O + 3-5ATP




2.5.11. Zupwaoelg TTou OeV OIVOUV PO POPUAIWCN
o€ €TTEQO UTTOOTPWHATOG

e O1 (UNWOEIC OPICHEVWV EVWOEWV O€ OIVOUV APKETN
EVEPYEIA YIa Tn ouvBeon ATP
— J€ QUTEC TIC NEPINTWOEIC, O KATABOAIOHOC TNG EVWOEWC MMOPEI

va ouvOeBei Ye avTAiec 10vTwV nou £Eac@aAifouv XNUEIWOUWOn
NPWTOVIWV N IOVTWV vVaTpiou




ZUPwon NAEKTPIKOU a1Tro To Propionigenium modestum

——————————————————————————

' Sodium extruding s
decarboxylase :

+
A Succinate?” Na*

ATPase

J

C—CH,—CH,
—0/ Propionate™
H e¢epyovikh atrokapBoguAiwon Tou NAEKTPIKOU Qivel TNV EVEPYEIQ YIA TN HETAPOPA
Na* oTov eCwTEPIKO XWPO Kal TN dnuioupyia KAiong [Na*].



ZUpwaon ocaAlkwy atro 1o Oxalobacter formigenes

Formate/Oxalate = Formate~ Oxalate?"
antiporter

H+
ATPase H*

<A

.
¢

1

”~
# ‘-v'h I.—I. N A.‘ -~ Va : ‘ i WS
YR 7537 w05e ros

- . . p—

) ¥l a
(I I I IIIIIIIS

Formate/Oxalate 0

antiporter ICI) TRERT
Ao ATP & FR
' O H g * | o
Oxalate
Formate @
H,O

CHCO
(b)

Anuioupyia NAEKTPIKOU OUVANIKOU AOYyw dnuIoupyiag KAIoNG popTiwy EVTOG KAl EKTOG TNG
MEMPBPAVNG: augnon Tou E0WTEPIKOU pH AOyw KaTavaAwong TTPWTOVIiwY Kal 100d0U
sVOC STTITTASOV aovnTikoU ®ooTiou



2.5.12. ZUPNWOEIC aTTO OAKXOPA, TTPWTEIVEC, VOUKAEIKA

O é é G Nucleii acids

Proteins

-

Polysaccharides

A

—— Other compounds —, Sugars
Hexoses ...y Pentoses
: Alcohols N\
hPﬂurL?es I Ethanol Glycolysis  Pentose
ethano Ethylene phosphate
Arginine Crotonate glycol . op path:fav
Agmatine sine = ructose-1,6-
Aﬁantoin (";‘]uta_mate 1 Gluionate—G-P
Pyrimidines Y 'bA““"‘;' \Xylulose-s-Pi—
Ubyrats Glycerate-1,3-PP
ADP
ATP
lecirate-s-P
Phosphoenol- N
3-Keto- v pyruvate iuﬁ::te
acyl-CoA Pyruvate q—l(ADP
| 4 ATP }
— = inyl-( » Propionyl-
Butyryl-CoA e— Acetyl-CoA Succinyl-CoA cgc:flony
Carbamyl-P Formyl- Butyryl- Acetyl- 4 Propionyl-
FH, phosphate phosphate phosphate
ADP ADP ADP ADP ADP
F; ATP | P aTP | YATP F': ATP ATP
CO, Formate Butyrate Acetate

Proteins

l

v v

3-Alkyl- 3-Aryl-
pyruvate pyruvate
| }
2-Alkyl- 2-Aryl-
acetyl- acetyl-
CoA CoA
4 &
2-Alkyl- 2-Aryl-
acetyl- acetyl-
phosphate  phosphate

ADP ADP
ATP ( ATP

Propionate 2-Alkyl-acetate Propionate



ZUJWOEIC OAKXAPWV-0pYyavIOMOI

Pyruvic Acid
Streptococcus, Saccharomyces Propionibacterium Clostridium Escherichia, Enterobacter
Organism Lactobacillus, (yeast) Salmonella
Bacillus
Lactic acid Ethanol Propionic acid, Butyric acid, Ethanol, Ethanol, lactic
Fermentation and CO, acetic acid, butanol, acetone, lactic acid, acid, formic acid,
end-product(s) CO,, and H, isopropyl alcohol, succinic acid, butanediol, acetoin,
and CO, acetic acid, CO,, and H,
CO,, and H.

(b)



2.5.13. Bioxnuika te0T pyeTaBOAICHOU

’ Can thﬂ?’
* XpNOLUOTIOLOUVTAL YL TNV ferment lactose?

Toutonoinon Baktnplakwy

sldwv No Yes
Can they use Can they use
citric acid as their citric acid as their

sole carbon source? sole carbon source?

No Yes No Yes
Shigella: Salmonella: Escherichia Do they
Produces lysine Generally produce
decarboxylase. produces HaoS. acetoin?

No Yes

Citrobacter Enterobacter



— O KaTAPOALOMOC TWV COKXAPWV ELVaL N TtNyN
evepyeLac (ATP) yia ta epfia.

— H dlaomnoon twv cakxapwv (katafoAlopuoc)
ylvetal pe SU0 YEVIKOUC TPOTIOUC:

1. Avarvon

o Ocidwon opyavikwv popiwv ano akucida NETapopac e o€
EVWOoN uwnAou duvapikou avaywync.

e  AegpoPikn: n evwon €ivai 1o O,.

e  AvaegpofIkn: n Evwan ival Jopio dIaPopPETIKO ano TO
0Euyovo

(n.x. NO5-, SO,%).
e Mg xnueiwopwon dnuioupyeitar ATP.

2. ZUUWOELC

e  Koivog peraBoAikog dpopoc YAUKOAUGNG Kal avagpoBIKng
o&eidwonc (ouvnBwc NUPooTAPUAIKOU 0EEWC) HE
avakukAwon NAD*/NADH. Aev €xoupe xnUeiwopwaor. To ATP
dnuIoupyeiTal oTn YAUKOAUON.



(a) Lactobacillus glucose ———s fructose diphosphate

2ATPF 2 ADP
2 ADP 2 phosphoglyceric acid «=——2 triose phosphate
2 NALDH, 2NAD
ZATP 2 pyruvic acid > 2 lacticacid ZU MwOon YG)\GKTIKOU o&éwg

(b) Saccharomyces slucose———» fructose diphosphate

2 ATP 2 ADP
2 ADP 2 phosphoglyceric acid «=———2 triose phosphate
2 NADH, ZNAD
ZATP 2 pyruvic acid » 2 alcohol AAKOOAIKN CUuwaonN

=<

2 C0,



Ala@opd CUMWONG KAl AVATTVONG

Fermentation:

+ grganic substrates, e.g. glucose, are metabolized without the
involvement of an exogenous {external) oxidizing molecule,
eg.0,

* fermentation is typically {(but not necessarily) anaerob

oxidized

substrate product(s)
e+ 2 H

T NAD+ NADH +H*

le+2 H* !
reduced internal

end products intermediates
e.g. Butandiol e.g. Pyruvate
Respiration:

+ organic substrates, e.g. glucose, are metabolized with the
involvement of an exogenous (external) oxidizing molecule

oxidized
product(s)

substrate
2o +2H*

)

NAD+  NADH +H*

Ze +2 H
reduced \3_/

external
molecule
eg H,O
exogenous
oXxidizing
muolecule

Graphic@E. Schmid-2002
eg. O,



2.6. AvaepofLkn avarvon



KuUpiol 0doi TrTapaywyng evépyelag (ATP) oto pikpoBiako
KUTTOPO

1. Dwo@OopUAI®ON OE€ ENINESO UNOCTPWHATOG

Avayevvnon ATP (1 GTP) oTo KuTTapOnAacpa ano Tn METagopa iag
PwoPopIikng opadag (PO,) ae ADP (7 GDP) a116 éva @uwo@opuUAIwMéVO HOPIO
UPNARG evépyelag pEow KATtaAAnANg kivaonc (n.x. PEP kar kapBo&u-kivaon
TOU PpWOPO-evOAO-nupooTapuAikou). Mapadeiypa: yAukoAuon/UHwWOEIC.

2. OEcI0MTIKN PWOPOPUAI®ON
Avayevvnon ATP ano Tnv kAion H* eykapoing TG KUTTaponAaouaTIKNG
HePBpavng (NUpooTa®uUAIKO Kal YETA). Mapadelypa: avanveuoTikn aAuaida.



2.6. AvaepoBikn avarvorn
2.6.1. AvaepofIKOC NETABOAIOHOC: TEVIKEC QPXEC

2.6.2. Avaywyn vITpIKwyV Kal atroviTpiwon (denitrification)

2.6.3. Avaywyn Beikwyv kail Bgiou
2.6.4. Avaywyn CO, o€ ogIKO
2.6.5. MeBavoyéveon

2.6.6. Avaywyr) TTpwToVviwv

2.6.7. AANNOI OTTOOEKTEC NAEKTPOVIWYV

2.6.8. 2uvOuaoTIKN avagpofIKn oggidwaon Kal avaywyn arro

BlokoIvoTNTEC

https://www.researchgate.net/publication/313544045 Anaerobic Digestion | A Commo
n Process Ensuring Energy Flow and the Circulation of Matter in Ecosystems ||
A Tool for the Production of Gaseous Biofuels



https://www.researchgate.net/publication/313544045_Anaerobic_Digestion_I_A_Common_Process_Ensuring_Energy_Flow_and_the_Circulation_of_Matter_in_Ecosystems_II_A_Tool_for_the_Production_of_Gaseous_Biofuels

cell wall

redion in
animation

cﬂupasD

f
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g
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Outside of cell

Xnueiwopwon o€ Baktipia mapouaia O,
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f
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[eviKEUpEVN XNUEIWOPWON OTA BOKT




2.6.1. AvaepofIKOC NETABOAIOUOC:
[EVIKEC QPXEC

« Ta nAekTPOVIA MOU NPOEPXOVTAl Ano TNV OEEIBWON OPYAVIKNC EVWOEWC
LETAPEPOVTAl HEOW aAUaidac oy’ oTo oéuyovo:

o, —> H,O  (avnypevo O)
e aMA\a oc:

Nitpika (NO;) — Nitpwdn (NO,)
Oeika (SO,2) —>  Ydpobeio (H,S)
AvBpakika (CO,) —> MeBavio (CH,)
« H yevikn apxn AsiToupyiac Twv agpoBIKwV Kal avagpoPIKwV CUoTNHATWY

gival yevika n idla, woTooo n avagpofikn avanvor) divel AlyOTEPN EVEPYEIQ
OI0TI N d1apopPAa dUVANIKOU PEXPI TO HOPIAKO 0EUYOVO €ival HEYaAuTEpN.



2.6.1. AvaepofIKOC NETABOAIOUOC:
[EVIKEC QPXEC

« To peyeBoc TNC evepyEIac Nou aneAeuBepwvETal ano TIC
OIAPOPETIKEC POEC NAEKTPOVIWV UNOPEI va unoAoyioBei ano TIG
dlapopec duvapikou (AE) Twv EUNAEKOUEVWV HOPIWV.

« O1 dlapopec duvapikou Ba dwaoouv TIC dlaPopeC oTNV EAEUOEPN
evepyela (AE, e€iowon Nernst).



aRed, + bOx, = cOx, + dRed,

=

C d
AG = -nFAE? + RTIn (2%l [Red,)

a b
[Red;] [Ox,]

H AG e€aprtaral atmo tnv AE, (duvapikoé avaywyng)
KAl TIC CUYKEVTPWOEIC TWV AVTIOPWVTWYV



Auvapuiko oceldoavaywyng Kal eEAeUBepn evepyela

To TTapadelyua TG AvaTTVEUOTIKNC aAuoidag:
Metagopd e amro 1o NADH oto HY

%20,+2H*+ “e > H,0O E'y, =+0,82V
NADH — NAD* + H* + e -E’y, = +0,32V

1% O, +NADH +H* > H,O + NAD* AEy,,=+1,14 V

AGY” =-nF AE’, =-2 x 23,06 x 1,14= -52, 6 kcal/mol

Apa autn n avTidpaon euvoeital Bepuoduvauika.
[ivetal auBopunTa;



Redox potential [mV]

+810 -
+750 -

+510 -

+200 -

- 220 =
- 240 -

- aerobic respiration O, + 4H" + 4e- — 2H,0

- denitrification (nitrate reduction) NO, + 6H* + 6e'— 1/, Ny+ 3H,0

- mangane (IV) reduction MnO, + 4H* + 2e — Mn ?* + 2H,0
- iron (Ill) reduction Fe(OH), + 3H* + e — Fe?*+ 3H,0
- sulphate (IV) reduction SO, %+ 10H* + 8¢ — H,S +4H,0

-320

- CO, reduction to methane -~ 4 gH*+8e > CH, + 2H.O
(methanogenesis) i - 2

NAD* + H* +2e- - NADH

Apa n pon nAektpoviwv atrd To NADH o€ OAeg TIC TTOpATTAVW EVWOEIC

SUVOEITAOI BsouoduUVaUIKA



standard reduction potential E® (mV) Ta NAEKTPOVIO TTOU

700 ™™ glucose == 2 pyruvate + 4e” (720 mV) dwpilovTal aTTo TIG
NUIavVTIOPACEIC OTO
~6004 TTAvVW PEPOC
-500- Wl glucose = 6 CO, + 24e~ (-500 mV) UTTOPOUV Va
400]  example of favorable electronflow y  KaTavaAwBolv o
-------------------------------------------------- g NUIAVTIOPACEIC

_300] ™ NADH = NAD* +2e" (-320 mV)

APNAOTEPO WOTE
2 GSH = GSSG + 2e™ (=240 mV) XaHT P

200+ #F H,5 = 50,2 + 8e~ (-220 mV) va oAoKANpwOE
100 lactate = pyruvate + 2e” (-190 mV) MIa avTidpaon TTou
el guvoleital
0+ succinate == fumarate + 2e” (30 mV) BePHOdUVANIKA.
™ ubiquinol = ubiquinone + 2e~ (45 mV)
1004 cyt b (red) = cytb (ox) + e (80 mV)
2004 _
mm cytc(red) = cytc(ox)+ e (250 mV)
3004 cyta (red) = cyta(ox)+e (290 mV)
400 -
07 NO,” = NO;™ + 2e” (420 mV)
500+
energy scale bars
(2e"eq)) 600 -

ATP hydrolysis [ 700-
(=250 mV) 800 El fe’t = Fe3t +e (760 mV)
1 H,0 = %0, +2e (820 mV)

9004 http://book.bionumbers.org/what-is-the-redox-potential-of-a-cell/

proton pumping
(=80 mV) [



http://book.bionumbers.org/what-is-the-redox-potential-of-a-cell/

ATTOOEKTEC NAEKTPOVIWYV Kal TA TTPOIOVTA TOUG KATA TNV agPoIKr) Kal avagpofIKr) avaTtrvor)

Electron acceptors used by Bacteria or Archaea
during aerobic and anaerobic respiration. Some
organisms that utilize these acceptors are presented

Terminal Electron  Typical
Acceptor Product Microorganism
Aerobic
O, H,O Micrococcus luteus
Anaerobic
5@ 2 H.S Desulfovibrio desulfuricans
Fe’* Fe* Geobacter metallireducens
Mn** Mn?* Desulfuromonas acetoxidans
NO; NO,~ Escherichia coli
NO;~ N, Thiobacillus denitrificans
CO, CH, Methanosarcina barkeri
@@, CH,COO~  Clostridium aceticum
S ES Desulfuromonas acetoxidans
AsO S AsO,* Chrysiogenes arsenatis
Fumarate Succinate Wolinella succinogens




2.6.2. Avaywyn VITPIKWV

« O1 avopyaveg evwaoelc alwTou gival o1 TTIo ouvnBiouévol

ATTOOEKTEC NAEKTPOVIWV KATA TNV AvAEPOBIKI avaTrvor

Table 21.4 Oxidation states of key nitrogen compounds

Compound Oxidation state of N atom
Organic N (—NH,) -3

Ammonia (NH3) —3

Nitrogen gas (N>) 0)

Nitrous oxide (N,O) +1 (average per N)
Nitrogen oxide (NO) +2

Nitrite (NO, ) +3

Nitrogen dioxide (NO,) +4

Nitrate (NO3 ) =5

« Ta NO;™ eival o1 ouvnOE&IG aNOJEKTEG NAEKTPOVIWV



Kupiol TuTTOI
AvaepofIKNG
QVATIVONG

Me PTTAE TO €UPOGC DUVANIKWYV
TWV 0CEId0AVAYWYIKWY (EUYWV
YIO TQ OTTOIO UTTOPEI VA UTTAPZEEI
PO NAEKTPOVIWV XwpPic TV
TTaPoUCia o¢uyovou.

-0.42
-0.3

-0.27

-0.25

—-0.22

E
(V) S

A

+0.2

+0.3

+0.4

/L

+0.75

+0.82

N 2H*
> CH3—COO"

N\—CO,
—> HS"

\ 5 SO
g CH‘

\
\,

-CO,
—» HS"

S 3032—

_— Succinate

. Fumarate

== Fa2t

— Fea"’
_» Benzoate + HCI

e Chlorobenzoate
- NO2_
r"'.—_-_u__ 2 Noa_

~ _—p N2

) NO;~

Oxic ~—>H0
(oxygen

present) \ &
—0,

Proton reduction
Pyrococcus furiosus,
obligate anaerobe

Carbonate respiration;
acetogenic bacteria,
obligate anaerobes

Sulfur respiration;
facultative aerobes and
obligate anaerobes

Carbonate respiration;
methanogenic Archaea;
obligate anaerobes

Sulfate respiration
(sulfate reduction);
obligate anaerobes
(80,2 > S0,>, E,' -0.52)

Fumarate respiration;
facultative aerobes

Iron respiration; facultative
aerobes and obligate
anaerobes

Reductive dechlorination;
facultative aerobes
and obligate anaerobes

Nitrate respiration;
facultative aerobes

Denitrification

Aerobic respiration;
obligate and
facultative aerobes



AgpOoIKN Kal avagpofIkn avarrvor) (E. coli)

2 H* 2 H* Nitrate

(b) Nitrate reduction



Avaepoikr) avatrvor| (Pseudomonas stutzeri)

[MePITTAACUIKEG
TTPWTEIVEC

N,O reductase
2 H*
N N,

2 H* 2 H* = = _
>, NO, reductase NO

oo.oo'..'t"m'o'.o- Q...O.. LSS O

r‘.td".'OOQDOO‘..tO’ . a"e’s" .
%3’ ¢ em ﬂ j ‘ Hititi Bkt
‘ Hisioucris B | Frars mm "" mmm W Sannd B IRRRRRRRE

Nitrate NO reductase

-+ H* 2 H* reductase

(c) Denitrification



AvaepOoIKr avaTtTrvor), CUVEXEIQ...



2.6.3. Avaywyn Beikwyv (SO,%) kai Bgiou

* [loAAEG avopyaveg
EVWOEIC TOU Bgiou
JUTTOPOUV va
XpPnoiyoTtroinéouv
WG ATTOOEKTEC
NAEKTPOVIWV OTNV
avaepofia
avaTTvon

AIQQOPETIKEC EVWOEIC

UTTOPOUV VO OWOOUV

NAEKTPOVIOQ YIA TNV

avaywyn Twv BenkKwy
.X. H,, opyavikég
EVWOEIG,
PWoPopwodN
(PO,%7)

Table 21.5 Sulfur compounds and electron donors

for sulfate reduction

Compound

Oxidation state of S atom

Oxidation states of key sulfur compounds

Organic S (R—SH)
Sulfide (H5S)
Elemental sulfur (S9)
Thiosulfate (5,05%7)
Sulfur dioxide (SO»)
Sulfite (SO5°7)
Sulfate (SO4%7)

=
—2
0
+2 (average per S)
+4
+4
+6

Some electron donors used for sulfate reduction

Ho

Lactate

Pyruvate

Ethanol and other alcohols
Fumarate

Malate

Choline

Acetate

Propionate

Butyrate

Long-chain fatty acids
Benzoate

Indole

Various hydrocarbons



 H avaywyn Tou
SO,% og H,S
TTPOXWPA pEoa
a1TO OIAPOPETIKA
evOIQuED

e ATTauTEiTAI N
gvepyoTTOinoON
TWV OElIKWV

Evepyotroinpéva Benka

OH OH
APS (Adenosine 5-phosphosulfate)

Used in assimilative metabolism

PAPS (Phosphoadenosine 5'-phosphosulfate)



Mn a@OouOoIWTIKA Kal a@ONOoIWTIKA avaywyr Beikwy SO,

ATP ADP

ATP PP u
A, .

Oy e — P APS
ATP sulfurylase APS kinase
- NADPH
2¢e '\ APS )
reductase NADP+
AMP PAP
S0,% S0,
Desulfovibrio 6 e‘\ . 6 e‘\
Desulfotomaculatum A
Desulfuromonas
Excretion Organic sulfur

compounds (cysteine,
methionine, and soon)

Assimilative
sulfate
reduction

Dissimilative
sulfate
reduction




AAucida peTa@opdg nAekTpoviwy KaTtd TNV avaywyn Twv SO,

. 8H* Membrane-associated
propotein complex
Out
A oo oot
o TR i
XY *: s canee o’.’o X s

.. ...Q.C [. S

__

In p
1
_ 1
: APSl 6e-| ADP oo
Lactate  Pyruvate ! \

Acetate + CO, + ATP H,S



* Mepikd BakTripia TTOU avAyouv To Bgio ytTopouv va
KEPOIOOUV ETTITTAEOV EVEPYEIQ ATTO TNV
QUTOOCEIDOAVAYWYI EVWOEWYV B€iou (TT.X. B€100lKWV)

-S,0,2 + H,0 + st
ApiOpoi ogeidwong S +4
P
|
|
[
\/

Edw €ival ol TrTEPITITWOEIC TWV VITPWOWYVY, UTTEPOLEIDIOU: APS
3HNO, — HNO; + 2NO + H,0

2H,0, — O, + 2H,0



2.6.4 O&Lkoyeveaon

https://www.sciencedirect.com/science/article/pii/S1570963908002574?via%3Dihub



https://www.sciencedirect.com/science/article/pii/S1570963908002574?via%3Dihub

OCIKoyEVEDN, YEVIKA XOPOKTNPIOTIKA

* Avaywyn tou (+4) CO, o€ (+3) 08IKO Yeow TNG METABOAIKNAG
000U ToU aKETUAO ouvev(uuou A.

» AOTNG nAekTpoviwv: H, (KUPI0G).
» AT00£KTNG NAekTpoVviwyv: CO.,.

e BaBuidwrn empnAkuvon TG avBpakIkKAG aAuCidag CEKIVWVTAG ATTO
Tov avBpaka Tou CO.,.

* [lpoiovta, ocIko kai ATP.

AUTOC 0 OPOMOC Eival EUPEWGS OIADEDOUEVOC OTA UTTOXPEWTIKA
avagpofia BakTnpla.



The Wood-Ljungdahl Pathway

CO,
“qu l
HCOOH
H,folate
or Methyl l CODH l““a” “Western” or
Branch ) CH*sH,folate CH4-Co(lll), co Carbonyl Branch

IIHE?'.' l C IA

CH,=H,folate MeTr ACS 0 2 O
ll:Hz'!! l I {{:E“ Carbon)

o) ‘©scon

CH,-H,folate CFeSP H,C S f"f:fr“;‘*

|4H, +2C0O, > CH;COOH +2H,0 |

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646786/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646786/

R={ CN, OH,CH,, NH,

Deoxyadenosyl) R H H:
Corrin ring /
HN NY
! s
N---Co---N
r-d | NH-
Y_\ H 0
MH-
O 0 -
p NH.

P

;
o 0
HO . N Dimethy Ibenzimidazol
Riby

Birapivn B12
(kuavokoPaAapivn)

AaKTUAIOC
KoppIvNng


http://upload.wikimedia.org/wikipedia/commons/e/ed/Corrin-IUPAC.svg
http://upload.wikimedia.org/wikipedia/commons/6/67/VitaminB12.png

AVTIOPAOEIC aKETUNO-COA PETAROAIKNC 000U

Reduction of CO,
to methyl group

Formyl
tetrahydrofolate
H, r—)-r-»CHo \THF = CH, —THF > CH; — B},
Methyl .'
ATP THF tetrahydrofolate g"f;“"'
Co, H,0 (I':O CO*.,
| L
Fe YT ANi—
Reduction | - JNi { ~Ni—CH;,
of CO, to - —Ni
carbo?lyl - CO dehydrogenase CoA ::; -
i force
1 O e
CH;—C—O~ WCH3—C~SCOA
Acetate Acetyl-CoA
ATP ADP OV

Net: 4 Ho + 2 CO, — Acetate~ + 2 H,O + H*




Opyaviouoi TTou XpNOIYOTIOIoUV TNV 000 TOU OKETUAO-
CoA

Table 21.6 Organisms employing the acetyl-CoA pathway
of CO,, fixation

|. Acetate synthesis, the result of energy metabolism

Acetoanaerobium noterae
Acetobacterium woodii

Acetobacterium wieringae

Acetogenium kivui

Acetitomaculum ruminis

Clostridium aceticum

Clostridium formicaceticum

Moorella thermoacetica
Desulfotomaculum orientis

Sporomusa paucivorans

Eubacterium limosum (also produces butyrate)
Treponema primitia (from termite hindguts)



Table 21.6 Organisms employing the acetyl-CoA pathway
of CO, fixation

ll. Acetate synthesis in autotrophic metabolism

Autotrophic homoacetogenic bacteria
Autotrophic methanogens

Autotrophic sulfate-reducing bacteria

lll. Acetate oxidation in energy metabolism

Reaction: Acetate + 2 H,O - 2 CO, + 8 H
Group Il sultate reducers (other than Desulfobacter)
Reaction: Acetate — CO, + CH,4

Acetotrophic methanogens (Methanosarcina, Methanosaeta)




—C—
2e, H* H R N
|
%M,D-Methylen-Fm CH3 HN“R

s {ES)-N5-MethyI-FH4

HS-CoA H20 2e”, 2H"
e
t?'lll, CDI co A_é CDQ
LC—N I
A
H b Methyl- CODH/

CFeSP Acetyl-CoA-
Ns,N;o-Methenyl-FH, transferase Synthase

H.0 '5\ Co' CoAS.__-CHj
- H '
HaNo _N._ _N CHs l
H* -
,—F‘JMNJH Y |
Hool HN rfj
OHC™ "R H 10
N4o-Formyl-FH ’ i,
10-Formyl-FH, Tetrahydrofolat (FH,)
H,0
aop, P, ATP

HCOO-, H*
T 26, 2H*
co,

o=0

The Wood-Ljungdahl pathway:This pathway enables the use of hydrogen as an

electron donor, and carbon dioxide as an electron acceptor and as a building
block for biosynthesis.

https://en.wikipedia.org/wiki/\Wood%E2%80%93Ljungdahl pathway
https://upload.wikimedia.org/wikipedia/commons/thumb/9/98/Reduktiver Acetyl-CoA-



https://en.wikipedia.org/wiki/Wood%E2%80%93Ljungdahl_pathway

2.6.5. MeBavoyeveon

 MeBavoyeveon: rapaywyn pedaviou atré avaywyn
AAAWV popiwyVv PHE OOTN NAEKTPOVIWYV TO UDPOYOVO

— MoAUTTAOKN O€Ipa BIOXNUIKWY QVTIOPACEWY HE IDIAITEPT
ouveviuua HeEBavOYEVECEWG TTOU KATOARYOUV OTNV
Tapaywyn yedaviou (CH,)



MeBavoyEvean, YEVIKA XOPAKTNPIOTIKA

» AOTEG NAekTpOViwyv aTn pyeBavoyeveon: H, (Kkuplog 01nG),
POPMIKO 0¢u, CO, opyaVvIKEC EVWOEIC (ETTITTPOCOETOI DOTEG).
* ATT00£KTEG NAeKTpOViwV: (+4)CO,, (-2)ueBavoAn, (+3)ogIko ogu.
[Mpoiov: (-4)CH,
e 2ZuvévCuua

- MeBavopoupavio (MF)
- MeBavonTepivn (MP)
- Juvevlupo M (CoM)
- 2UveVUHO F,yq (Faz0)
- 2UveVUHO F,s, (Fa30)
- Zuvevluuo B (CoB)

- TeAIKO €v{upo: uEBUAO avaywyaon



MeBavogpoupavio coo-

G
o CH
HN — CHy._— 0 Hy
G —0— CH,— CH, [—NH— C — CH,— CH,— CH],— CH
(0 ” _
Methanofuran COO~ COO
O  COH
: UAAIKO 0&U
i oy e
N H
HN | ~ N COzH
PN W
L coo-
|
o
o)
0 d I\fH—@—CHz[ — CHOH]; —CH,— O & eH,
N of HD CH 0—|||= o) (I:H
\ E— — —
H/I\II\ | I CH; 2 cl) - (':00_
HN™ SN SN cH, ,
H MeBavorrrepivn

Methanopterin

I
Moiddel oTo QUAAIKO OCU

Avaloyn Asitoupyia pe To THF



2uvéevCuuo M

»n=0

HS— CH,— CH,

O=

Coenzyme M (CoM)

ATtraiTeiTal yia To TEAIKO OTAOIO TNG

peBavoyéveong



2UVEVCUO F 4y

T I B
H,C — CH— CH—CH—CH,— 0 —P—0—CH—C—NH—CH
N N (om CH
HO Z =0 | 2
i NH Oxidized CH2

Reduced

‘Eva o&e1doavaywyiké ouvévCUHO TTOU N
doun Tou Bupilel To FMN

H oc1dwpévn popen atroppo@ei ota 420
nm Kal @Oopilel oTo YaAaloTrpACIVO




* O @Bopiouodg Tou guvevlupou F 4, MTTOPEI VA
XPNOIJOTTOINGEI YIa TN JIKPOOKOTTIKI avayvwpion
TWV HEBAVOYOVWY PaKTnpiwv

T. D. Brock
T. D. Brock

®Bopiopdg Tou ouvevlupou F,,, TOU ®BopIopdg Tou ouveviupou Fyuy,
uebavoyovou Methanosarcina barkeri Tou peBavoyovou Methanobacterium
formicicum



2UVEVCUUO F 445

H,NOC — H,C
HsC

-00C — H,C

Coenzyme F43o
MepiExel VIKEAIO KAl ATTAITEITAI VIO TO

TEAIKO O0TADIO TNG HEBavVoOyEvEONG



2Uvév(upo B N Ay

OH,C, CHs, 'ID
P

4
HS\\/-'\\ )I\/\ J%/O 3 O— " —0 . <N | N)
o o

2UVEVCUNO A O OH
0=p—0
i
i 9
HS—CHZ—CHZ—CHZ—CHz—CHz—CHz—C—NH—(I:H—CH—O—IT—O‘
COO~ o)

Coenzyme B (CoB)

7-Mepkatrto eTTTavoiA Opedvivo @O @OPIKO

ATtraiTeiTan yia To TEAIKS 0TAO10 TG PEBAVOYEVEONG TTOU KATAAUETAI

a1TO TO EV(UUIKO CUUTTAOKO T £€0ulo avaywydo




MeBavoyéveon am6 CO, «kai  H,

CO, H,
. ¥ MF .~ Fdeq < .
Reductionof ~ ~ MeBavopoupavio (MF)
CO, to formyl ‘ H0 Fdox

sh
-~ - |

MF —C —H Formyi

g MP~1 MeBavonTepivn  (MP)
e 0
|
[ |
. MP— C H H, |
Eﬁ-::ﬁt:gn of : Faoo req ¢ 6 2UVEVCUMO Fung  (Fanp)
methylene and : H,0 | I—
then methyl 1 MPH‘CH Methylene I_I2
1
' kﬁzo red 6
F420 ox v
"< MP_CH, wethy 2uvevluuo M (CoM)
H .- =»CoM-SH
> \11\/% Na* motive force
[ |
: CoM-S —CH, 2UuveyCUHa.B. (CoB)
1 , = = =»HS-CoB o wmm =
[
o wmm Emm — — Methyl reductase; ZUVéVCU 0 F (F )
Fsa0 complex HO Fazo  (Fazo
CoM-S-S-CoB
Reduction of Proton motive force
methyl group CHy Methane
to methane

dlaypappa—
ATP



MeBavoyEvean kai aAuaida HETAPOPAC NAEKTPOVIWY

L IS O - Cp5Hys
! MeBavopevadivn
1
H 4 N',
H H
(a) MPH,, Site of reduction in MPH, 4
H* 2H* 2H*

&P ATP CoM-SH + HS-CoB + 2 OH™



MeOavoyéveon ammo MeBavoAn

AakTUAIOC Koppivnc (Corr)

MeBavonTepivn  (MP)
>uvevluuo M

MeBavogoupavio (MF)

(CoM)

CH;OH + Corr <-.,

l

-
]
u
L |
|
L}

& ]

CH;— C — CODH

COA = |

i
CH;— C— CoA

-

MP CH; Corr- CoM
CH;— MP CH;— CoM
2 Generation of Utilization of "
reducing power | reducing power oH
4 H by oxidation of to reduce
methanol to methanol to P ATP
COo methane
o \ 4
I Energy |
MF — C conservation CH,
N
H Methanogenesis
2H
CO,
co
(I:I) dehydrogenase
C —CODH
k B

Formation of acetyl-CoA

for biosynthesis

Biosynthesis



R={ CN, OH,CH,, NH,

Deoxyadenosyl) R H H:
Corrin ring /
HN NY
! s
N---Co---N
r-d | NH-
Y_\ H 0
MH-
O 0 -
p NH.

P

;
o 0
HO . N Dimethy Ibenzimidazol
Riby

Birapivn B12
(kuavokoPaAapivn)

AaKTUAIOC
KoppIvNng


http://upload.wikimedia.org/wikipedia/commons/e/ed/Corrin-IUPAC.svg
http://upload.wikimedia.org/wikipedia/commons/6/67/VitaminB12.png

MeBavoyEveon atro ociko ocu

CH,COOH

ATP~L CoA Acetate activation

O
\ 4 1]

CH; — C~S — CoA ——— Bjosynthesis

= CO
dehydrogenase

v |
CH;— C — [CODH

COIf ¢ ==snsnnnn ",

o - Splitting of

i < acetate

C — CODH — [COFF--+*

H,O
2H

co, CH;— CoM STy
l;\ﬁ)ATp conservation
CH,

Methanogenesis



 H autoTpo@ia ota pebavoyova BakTipia
ecao@aAieral atro 10 METAPBOAIKO OPOUO TOU
akETUAO-COA

 H mmapaywyn evepyelag cuvoEseTal UE
XNUEIWOPWON ATTO TTPWTOVIA, AAAG Kal 10VTa
vaTpiou



MeBavoyeveon kal OcIkoyEveon

HCO; + H* 4 Hy 2HCO5; +H*

ATP
: O
Proton motive Proton or
CH4 + ’ 5 ”
force sodium motive CH.— C — O~
3 HO force plus 3
substrate-level + 4 H20
hosphorylation
Methanogenems N Acetogene3|s

(AG® =-136 kJ) (AG®' =-105 kJ)



2.6.6. Avaywyn npwtoviwyv

* Pyrococcus furiosus

— MéAo¢g Twv apxaiwv
— MeyaAwvel BEATIOTa oToug 100 °C.

— lowg €xel TOV ATTAOUCTEPO ATTO TOUG AVAEPORBIKOUC
MNXAVIOKOUG avaTrvor)C

— O opyaviouog Cupwvel TN YAUKOZN e avaywyn
TTpwTtoviwyv. Yrdpxel ATP ouvBetdon, aAAd dev
UTTAPXEI AAUCTIOQ UETAPOPAC NAEKTPOVIWY

— AOTEC NAEKTPOVIWV: OAKXAPA KAl MIKPA TTETTTIOIN
— ATTO0EKTNG NAekTpoviwv: HY, avaywyn o€ H,



Tpomromroinuévn YAUKOAuan kai avaywyn H* atov P. furiosus

G&,o.. 3
"Dy
0% VA Glucose In Out
o /158(]' S Glycolysis Sytopigsmic
Avaywyr MEOW n membrane
Hydrogenase
> H*
—J - %

I:doxlred = 0.42V A '
. !
2H*/H,=~-0.42V - 1
. 1
> |
. ‘
?OP‘ Pyruvate - !
0y - J
Fdox - ¥ !

Acetyl~CoA + CO, S 3 4

k::np ADP R - 7

= H*

Acetate ; ATPase



2.6.7. AN\OL aTtOOEKTEC NAEKTPOVIWV

« Ta Fe3*, Mn**, ClO;", ka1 814QOopES OPYAVIKEG
EVWOEIC JTTOPOUV VO OPACOUV WG ATTOOEKTEC
NAEKTPOVIWV OTa BAKTAPIA.

« To Fe3* givail dgpbovo atn gpuon Kal n avagpoBIKn
avaywyrn Tou XpnoIdoTrolEiTal atrO TTOAAOUC
OPYQVIOUOUC VIO TTapaywyn EVEPYEIQC.



AANOI ATTOOEKTEC NAEKTPOVIWV AG = -nF

Couple Reaction Ep'
N 0 0
Fumarate/ C—C=C—C———>C—CH,CH,—C +0.03
Succinate -0 |1| “o- Bl -o7 S
i
Trimethylamine-N-oxide (TMAQO)/ H,C —N—CH,——>(CH,),N + H,0 +0.13
Trimethylamine (TMA) \ 2H
O
o~ o~
I I
Arsenate/ “0— plkF o _'2'H_H|‘s_ O~ +H,0 +0.14
(o 0.

TOCIKO Dimethyl sulfoxide (DMSO)/ H,C —S —CH,——>(CH,),S + H,0 +0.16
Dimethyl sulfide (DMS) \/ 2H

(0]
o e
Ferric ion/ Fe3+t——— Fe2+ +0.20
Ferrous ion
(o) O~
[l |
Selenate/ "0—Se—O0—7—>Se=0+H,0 +0.48
Selenite I 2H |
(0] O~
o 2e
Manganic ion/ Mn* ——> Mn2* +0.80
Manganous ion
Chlorate/ CI03‘—r—* Cl™+3 H20 +1.00
Chloride 6H



2.6.8. Zuvbuaotikn ofeldwon
KOLL avOolywyn armo BLokolvoTnTEC



2.6.8.1 BioopukToTtroinon katd tnv avaywyn Twv AsO,°,
AslVl atré BiokoivoTnTeg

SO,*-reducing bacteria

. >
SO, o> S
methanogens

Ethanol---->H, + acetate - »CH, >Minerals

2 e eq

> Al

AsY-reducing bacteria

AsY

https://www.sciencedirect.com/science/article/pii/S0043135414005831



https://www.sciencedirect.com/science/article/pii/S0043135414005831

2.6.8.1 BioopukToTtroinon katd tnv avaywyn Twv AsO,°,

AslVl atré BiokoivoTnTeg
« H1d10TNTa TWV BakTnpiwv va avayouv Ta Beika (SO,%), exel
xpnoiponoinBei yia Tov kaBapiopo Twv apoevikwv (AsO,3-, AsV]) ano
TOEIKA KaTaAoina Kal JOAUCHEVO VEPO.

- Mapaywyn As,S; (TpIcouA@idio Tou As, adiGAUTO) KaTa Thv avaywyn
Twv AslV] ge Aslll Tautoxpova e Tnv avaywyn Benkwv (S0,2).

Dianne K. Newman and Stephen Tay

MeTd TOV
eMBOAIQONO As,S, atrd 2 €ROONAdES

, BioopukTotroinon YETA
> UVOETIKO P non H



2.6.8.2 Avogikn oggidwan Tou pebaviou oe CO,
11O BIOKOIVOTNTES

* MeBavio (CH,)

— O amAouoTePOC UdPOYOVAVOBPAKAC

— MrtTopei va o¢eIdwoOei UTTO avaepoPIEC OUVONKES ATTO KOIVOTTPACIES
UEBQVOTPOTTIKWYV apxaiwVv Kal BAKTNPIiwvV mou avayouv 1a Beika

— Ta apxaia ogeidwvouv 10 CH, oe CO, evw TTapAaAAnAa
TTOPAYOUV Hid aVAYWYIKH OPYAVIKH Evwon

— Ta BakTtrpia TTou avdyouv Ta Benkd (SO,2 )XpNOoIMOTToIoUV aUTH
TAV OPYAVIKN £VWON YIa va TTAPOUV NAEKTPOVIA WOTE VA AVAYOUV
10 SO,% 0¢ H,S. H avtidpaon avaywyAg oTa apxaia TTpoxwpdel
Kal atrd TNV d1appon NAEKTPOVIWY TNV avaywyr] Twv BEIKwV.

— H ouvoAikn avridpaon: CH, + SO, — HCO; + HS- + H,O



Methanotrophic Archaea

Sulfate-reducing Bacteria

Antje Boetius and
Armin Gieseke

(a)

2UCOWHOTWHATA KOIVOTTPACIWY KUTTAPWYV
TTOU 0&EIDWVOUV TO JEBAVIO

SO,%, H,S CH4 + 8042_ — HCO3_ + HS_ + Hzo

oo 9

~“organic compounds (QvaywYIKEC)

e

CO;

CH;,
(b) [MBavoc unxaviouog yia TN CUVEPYATIKNA
aTToIkoddunon Tou pebaviou



Eh, mv

02 H20
Simple Aerobic N co2 400
monomers P |bacteria

Denitrifying NG f
bacteria ' Coz  ~220

(Pseudomonas)

Mn-reducing Mnd+ Mn2+
bacteria A—-ﬁh Co2 -200

(Metallogenium)

O (proteins,
cellulose, etfc.

y» MONOMETs
ﬁﬁ "hysis Fe-reducin Fed+ Fel2+
G?E T \ ) g 5

bacteria " c0z ~130

(Clostridium )

Sulfate reducing Sw

bacteria +—7 1 oz ~-150
\ {Desulfivibridl

< coz 4

Acetate, Methanogens CHa ~-230
co2

v

Evepyelakd duvauikd, TUTTOC avaTTvoNnG Kal BAKTNPIOKEC OUADES

https://microbewiki.kenyon.edu/index.php/Flooded Soil Environment



https://microbewiki.kenyon.edu/index.php/Flooded_Soil_Environment

2.7. O KUKAOG TOU alwTou



2.7. O KUKAOG TOU alwTOU

2.7.1. AypwvioTtroinon:
To opyaviko adwTto (Kupiwg auivogea) - NH,* (OAol ol
OPYQAVIOMOI)

* Ag@opoiwon Twv 1ovTwv NH,*

a-keToyAoutapikd + NH,* + NAD(P)H +H* — L-Glu + NAD(P)*
L-Glu + NH,* + ATP * — L-GIn + ADP + Pi

a-keTtoyAoutapiko + L-GIn + NADPH +H* —» 2 L-GIn + NADP*
TTUpoaTa@uUAIKO + NH,* + NAD(P)H +H* — L-Ala + NAD(P)*
®oupapikd + NH,* S L-Asp

1: BpePn TwV putwv



2.7.2. Nitpotroinon: Metarpotrr) NH,* og NO," kai
NO;

* Nitrosomonas (NH,” — NO,)
2NH,+30, > 2NO, +2 H,0+ 4 H*
* Nitrobacter (NO,” — NOj") viTpwon o€ VITpIKQ

2NO, + 0, — 2NO;

1+ 2: BpEYn TwWV QUTWV



ApgwvIOTTOINON KOl VITPOTroinon

1, 2: Opéwn TWV PUTWV



2.7.3. ATtroviTpwon:

NO;  — N,O (MoAAG €idn 11.x. Pseudomonas, Clostridium kai Bacillus)

N,O* - N,

AvagpofIkn avatrvor TTOAAWY OpYaVIOHWV

*uTTo 0C€idlo Tou adwTou



2.7.3. AtroviTpwon:

[TpoiovTa avagpofIKNG avaywyng Twv VITPIKwWY (NO,

Nitrate (NO;™) B
lNitrate reductase Nitrate

. reduction
L (Escherichia
Nitrite (NO5) coli)
lNitrite reductase o
Nitric oxide (NO)\
Nitric oxide reductase ,
agplo

Nitrous oxide (N,O)—
lNitrous oxide reductase

Dinitrogen (N,)—

Denitrification
— (Pseudomonas
stutzeri)

Ta evlupa Twv PETaBoAIKWV auTwv dpOowV kaTaoTeAovTal ano To O,



2.7.3. AtToviTpwon

« Ta nepIOCOTEPA NPOIOVTA TNC AvAywynC VITPIKWV €ival agpia
(NOI NZOI NZ)

« Ta agpia auta nou nepiexouv N anopakpuvovTal ano Touc
opyaviopouc oTnv athgoogaipa (anovirpwon).

 H anoviTpwon €ival n kupia BioAoyikn nnyn Tou agpiou N,.



2.7.4. AbopolWTIKA avaywyn TWV VITPLKWV:
NO;" — NH,* — opyaviko alwto (rmoAAa eidn pkpofiwv kat putwv)

2.7.5. Aéopeuon tou poplakou N,:
N, — NH,*
EAcUOepoL OEOUEVTEC
1.X. Azotobacter ko Azospirillum
JupBLotikol OECUEVTEC

1..X. Rhizobium ko Bradyrhizobium
KuavoBaktnpla mpookoAAnueEva oto Guto Spartina, o€ BAaAtoug
aALUPOU VEPOU



2.7.5. Aéopeuon N, pEow TOU EVQUUIKOU CUMTTAEYMOTOG TNG VITPOYEVAONG

Dinitrogenase reductase Dinitrogenase

NADH A A

\ [ \f \
) ADP + P,
3¢ /‘@

oy g .
- ' 7.8 Nitrogen
\ MgADP FeMo-co /‘/\i‘<

1‘..':;( | H Ol subunit 9_4 ,S\ NH3
) ' ak -
Ferredoxin A

or S -e-bﬁ
\ 0

Flavodoxin 'y Ammonia
- a8
-.- J _
MgADP B subunit
ATP

N, + 8H* + 8¢+ 16 ATP + 16 H,0 — 2 NH, + H, + 16 ADP + 16 Pi



O KUKAOG
TOU adwTou
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Atmospheric Nitrogen (N)

Plants
=4 W Assimilation

-'r/.f_.;,.l'ﬁ , . :[1
o J} 'J'I'E

JF.("'J h‘r. ;“. -T .-
R Denitrifyific

Bacteria

Nitrogen-fixing p ‘
bacteria living in 1 _
legume root nodules e " _ Nitrates(NO, )

Decomposers
(aerobic and anaerobic
bacteria and fungi)

Nltrlfymg
Ammonification Nitrification bacteria

e @)m

Nitrogen-fixing
soil bacteria

Nitrifying bacteria




2.7.6. Kupiol 0d0i apouoiwong Tou
alWwTOU OTA KUAVORBOKTApPIA

N, co,
NO Nrt NO NifHDK Calvin cycle,
) ) PER I
3 3 %l FdxH ca;l:gxy ase,

NO, . v
N
"'v Gl »-0G

NH,* A» GIn — 2 Glu

I GOGAT |
Urease A !

I

[ 1

I I

Urea Urea v v

Organic N-containing
compounds

Cytoplasmic membrane

l
NH,*

Biochemical Society Transactions (2005) 33, 164-167 -

www.biochemsoctrans.org
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2.7.7. Teot avaywync alwtou

] ] OetikA avaywyn NOy Apvnriki avaywyn NOy
Oetiki avaywyn NO; TTapouaia Zn TTapouadia Zn



3. ANABOAIZMOXZ



AMMol TpoTTOI VIO TN oUuvBeon Tou ATP

AvaBoAiouoc: PwroouvBeon



sunlight

. oxygen

—————
———

carbon dioxide
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H ewTtoouvBeon (XAwWPOPUAAN) otov TTAavntn I'n



3.1. DWTOOUVOEDN — petaTPoT NS PWTEIVAG
EVEPYEIOG TOU NAIOU O€ XNUIKI EVEPYEIQ

NMEPINHWH
 H xnuIKn evepyela xpnoiygonolsital yia Tnv avaywyn Tou CO, o€
oakxapa (CHO) o5+ 1,0+ E > (CH,0), + O,
« 'Exoupe deopeuon Tou C kal avakUKAWGN Tou 0To nepIBAiAov

(n onuepIvA HopPn TG (wNG)

« H @pwTtoouvBeon pnopei va xpnoiponolei O, (o§uyovikn):
— AvwTEpPa QUTA, KuavoBakTnpia

- Ynapyel kal pwTooUvOeon Xwpic O, (avoEIkn)
— Mpaciva kal nop@upa BakTrpia, NAIOBAKTAPIa



3.2. Mnxaviopog PwTooUuvOEOoNSG-YEVIKA XAPAKTNPIOTIKA

— A. AvTIOpAOoEIC NOU EEAPTWVTAI ANO TO PWG

« H nAiakn evepyela CUNEYETAl ano TIC PWTOOUVOETIKEC
XPWOTIKEG MNMOU €ival EVOWNATWHEVEC O JEPPBPAVEC Kal
LETAQPEPETAl O€ £va €I0IKO KEVTPO avTidopacewv (RC) nou

anoTeA&ITal and PWTOCUVOETIKEC XPWOTIKEC Kal MPWTEIVEC,

« H evepyeia Tou PWTOC XpNOIKONOIEITAl YIA VA ANOHAKPUVOEI
£vad NAEKTPOVIO XaunAou duvauikou ano eva 80Tn
NAEKTPOVIWV 0 onoio¢ o&eldwveTal (enavavayeral TEAIKA
naipvovTag NAEKTpOvIa ano To vepo nou ofeidwverail o O,).

« To NAEKTPOVIO PHETAPEPETAI HEOW OIAPOPETIKWY CUCTNNATWY OF
KATaoTAoEIC XaunAOTEPNC eveépyelac (duvapikol), v NpwTovIa
LUETAPEPOVTAl EEWKUTTAPIKA KAl dnuIoupyouv KAion.

« H gicodoc Twv npwToviwv pecw TNG ATP ouvBeTaonc napayel
ATP.

« 2TNV KUKAIKN PWTOOUVOEDT, Ta NAEKTPOVIA KUKAOPOPOUV
KUKAIKG Kal XpnOoIJonolouvTal anokAEIOTIKA oTnv aAuaida
LETAPOPAC NAEKTPOVIWV TNE pwTooUvOsonc (napaywyn ATP).

3TN HN KUKAIKN PWTOOUVOEDN, Ta NAeKTpOVIa
xpnoiJonoiouvTal kai yia Tnv avaywyrn Tou NADP+ ge NADPH.



3.2. Mnxaviopu6g Pwtoouvleong-yevika
XOAPOKTNPIOTIKA

B. Avtidpaocelc nov dev e€aptwvtat ano to ¢wc

ATP kai NADPH ano tn @wTeiviy ¢paon

xpnoiponolouvTal yia Tnv avaywyr Tou CO, yia To
oxnuUaTiopo opyavikou C. 'ETOI EXOUNE PovIONoinon Tou
avepaka.

O avnyuEVOC opyavikoc avlpakac JETATPENETAl OF
yAukodn n aAAouc udaTavepakec.

https://www.nature.com/scitable/topicpage/photosynthetic-cells-14025371/
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H owTtoouvBeon o€ Eva XAwPOTTAAOTN

Light-dependent reactions Calvin cycle
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https://bio.libretexts.org/Bookshelves/Microbiology/Book: Microbiology (Boundless)/5:

Microbial Metabolism/5.12: Biosynthesis/5.12C: The Calvin Cycle
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3.3. PDWTOOUVOETIKEC XPWOTIKEG

XAWPOQPUAAEC



BakTnpIioXxAWPOPUAAEC PUTOCUVOETIKWY BAKTNPiWV

[Mopoupd un B¢g10
Baktipla

[pdoiva Bgio BakThpla
KuavoBakTrpia, P21
KuavoBakthpla, 2

HAloBakThpia

duTtd

AoTtnc e

BakTnplioxAwpoPUAAEC
a, b

BakTnplioxAwpoPUAAEC
c,d, e

XAWPOPUAAN a
XAWPOPUAAN a
BaktnplioxAwpo@UAAN g

XAWPOPUAAN b

ATOOEKTNC €
Baktnplopaio@uTiveg
a, Qa, Qg
Baktnplogurtivn a Kai
TTpwrTeiveg FeS
XAWPOQPUAAN a kai
TTpwrTeiveg FeS
daloguTivn a, Q,, Qg Kal
TTAQOTOKIVOVEC
BaktnplioxAwpo@UAAN c,
TpwrTeiveg FeS



XAWPOQPUAAN a

Chlorophyll a




BakTnpioxAwpo@UAAN a
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Bacteriochlorophyll a Phytel



({51 Absorption spectra i) Action spectrum of photosynthesis
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ddaouata aroppoPnons XAwpPoPUAAWY a, b kail B KapoTeviou
KAl pUBNOG pwToouvVOEONG ava NNKOG KUUATOG



Photosystem

Stroma
Reaction Primary Light

Pigment  center electron
molecules acceptor

Thylakoid __|
membrane

.....

Light
harvesting
complex

Chlorophyll a
special pair

Thylakoid lumen

Ol QUTOOUVOETIKEC XPWOTIKEGC OPOUV WC EVEPYEIAKN XOAVN, METAPEPOVTAG EVEPYEIQ ATTO
TO QWG TTPOC £va KUplo KEvTpo avTidopaons (RC).

H evépyela TOU QWTOC HETAPEPETAI APXIKA ATTO £VA HOPIO XPWOTIKAG O€ Eva AANO HEoW
AMECWYV NAEKTPOHAYVNTIKWVY AAANAETTIOPACEWYV (METAPOPA EVEPYEIOC OUVTOVIOMOU). H
dladikagia eTTavaAapBavovTag TTOANEC POPEC. Z€ QUTEC TIC JETABIBAOEIC, TO YOPIO
UTTOOOXNG MTTOPEI va aTraiTel AlyoTepn evépyela atrd Tov d0Tn (dnAadr), UTTOPEi va
ATTOPPOPNOTEI PWES EVOC NEYOAUTEPO UNKOC KUUOATOG).

https://www.khanacademy.org/science/biology/photosynthesis-in-plants/the-light-
dependent-reactions-of-photosynthesis/a/light-dependent-reactions



https://www.khanacademy.org/science/biology/photosynthesis-in-plants/the-light-dependent-reactions-of-photosynthesis/a/light-dependent-reactions

Kévrpo avTidpdong (RC) yia Tn pera@opd nAeKTpoviwy Kal TTpwToVviwy

H peTta@opd Twv NAEKTpoVIwY CEKIVA atTd evOIAUETOUC ATTOd0XEIC (BaKTNPIOXAWPOPUAAN
KAl BAKTNPIOQUTIVN) TTOU METAPEPOUV T NAEKTPOVIA oToV TrpwToyevh 60T1n P. Eival éva
OIMEPEC BOKTNPIOXAWPOPUAANG TO OTTOIO PETAYEPEI KATOTTIV T NAEKTPOVIa o€ 200 ps o€
MIa KIvovn Q, Kal KATOTTIV O€ pia deuTeEPN Kivovn Qg (Us-ms). H peTa@opa nAekTpoviwy
a1rd 10 Q, 070 Q €ival cuvduaauEvn PE TIPOCANYN TTPWTOVIWY OTTO TO KUTTAPOTTAQC Q.

AtToppopnon deuTEPOU pwToviou atrd 1o P*, etrayel Tn OITTAN avaywyn Kal TTpwToviwon
NG OeUTEPNG KIVovng Qg Kal odnyei oto axnuaTiopo Tou QgH,, 10 oTT0I0
atreAeuBepwveTal atmo 1o RC. O oxnuaTiopog TnG KIvoAng (QgH,) €xel kaipia onuaaia yia
N QWTOCUVOECN KABWC N aTTEAEUBEPWON TNG CEKIVA TO OXNUATIONO TNG KAIoNC
TTPWTOVIWV TTOU gival uTTEUBUVN yia TN ouvBeon Tou ATP.



3.3.1. Oguyovikn ewTtoouvBeon

A. AvTIOPAOCEIC NOU EEaPTWOVTAI ANO TO (PWG

— 2Ta KuavoBakTnpid, NpoXAwPOPUTAa Kal 0TOUG
EUKAPUWTIKOUC XAWPONAAOTEC.

— H anoppo®non pwToviwv ano To KEVTPO avTidpaonc
OUVOOEUETAl JE anwAEIa € ano TN XAwPO@PUAAN.

— Ta e YeETaPEPOVTAl OE KIVOVEC.

— H anwAeia e ano tn xAwpo@UAAN avanAnpwveTal Ye
npooAnwn Touc ano 1o H,O nou o&eidwveral o O,
((pwTOAUCN TOU VEPOU).

— TeAikog dektng e o C nou avayeral og (CH,0),.

— Avo pwTtoouoTnuaTta: PSII kai PSI.

— Kupiog pohoc eival n napaywyn NADPH kat ATP (oo
XNUELWOUWON).



chloroplast stroma

@
e *

ferredoxin-NADP reductase @
light @ light
: cytochrome G @

ferredoxin (.ﬁ ATP synthase
*.i....-.ii\‘ — 00000000

I'.IJI..'I'.

° ‘Hn.. s

0000008000’

oxygen-evolving complex

thylakoid lumen

«To XapEVO NAEKTPOVIO ano TN XAWPOPUAAN Pgq avanAnpwveTai pe Tn PETaPopa
nAekTpoviou anod To vepo (nou diaonartal npoc udpoyovo Kal HopIako 0EUYOVO) NPoc TO
HOPIO TNG OEEIdWHEVNG XAWPOPUAANG Pego. Ta NAEkTPOVIA MOU NapayovTal ano 1o PSII
HETAPEPOVTAl HEOW HEPPBPAVIKWV (POPEWV OTO EVEPYO KEVTPO ToU PSI, TN XAwPo@UAAN
P.oo- KaTa Tn peTagopa autn dnuioupyeital d1aBadpion npwToviwy ...»
https://en.wikipedia.org/wiki/Photosynthesis
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[MepiAnWn XNHUEIWOHWONG OTO MITOXOVOPIO Kal XAWPOTTAAOTEG



S Membrane bound iron sulfur profeins
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=] ' Photosystem IT

1/20.+ 2H

H «Z» pwToouvBeon

[TapatnpeioTe TN AUCNON TNG EVEPYEIOC TWV NAEKTPOVIWYV ATTO TNV £TTiIdpaCcn TOU
ewT6c ota PSII kai PSI. AutA n augnon emTPETTEI TN dnMIoupyia aAucidag
METAQOPAC NAEKTPOVIWY Kal TN dnuioupyia KAiong H* yia 1n yeTETTEITA OUVOEDN
ATP.

https://en.wikipedia.org/wiki/Photosynthesis#Light-independent reactions
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Excited
electrons

(2e)

(b) Noncyclic photophosphorylation

Copyright @ 2001 Banjamin Cummings, an imprint of Addisen Weslay Langrman, Ine.
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Mn KUKAIKA («Z») ewToouvBeon:

Por) nAekTpoviwv ano To PSII oto PSI.

Napaywyr ATP kai NADPH.



3.1.1. O¢uyovikn pwToouvBeon

A. AvTIOPAOCEIG TTOU EEAPTWVTAI ATTO TO PWG

H evepyeia ano Tn ewTeivn avtidpaon (ATP kar NADPH)
Xxpnoigonoleitail yia Tn peratponn Tou CO, o€ oakyxapa
oToV KUKAO Tou Calvin.

B. AvTIOpAcEIC TTOU OEV ECAPTWVTAI ATTO TO PWGS

H gvepyeia ano Tn pwTeivi avTtiopaon (ATP kar NADPH)
Xpnoigonolsitail yia Tn geratponn Tou CO, o€ oakyapa.

>UvoAIkn avTidopaon (A kai B):

3 CO,+6 NADPH+5H,0+9ATP - G3P +2H*"+ 6 NADP*+ 9ADP + 8 P,



B. AvTIOpAOCEIG TTOU OEV ECAPTWVTAI ATTO TO PWG
H evépyeia anod tn ewTteivi avtidpaon (ATP kar NADPH) xpnoiponolsital yia Tn
petatponr Tou CO, oe oakyapa.

NADPH . NADP"
° NADPH . NADP"
T .

NADPH

..::2++ - (" ro-o0-o0 + +..+ "ADP:
e WY WY 0%
= ® -

[a va yivel éva pépio YAUkOLNnG (tTou utropei va dnuioupynbei atrd 2 popia 3-¢wo@o
YAUKEPOADEUON (G3P)) atraitouvTal 6 oTpo@ég Tou KUKAoU Tou Calvin.

[MAgovalouoec G3P ptropouv €1Tiong va XpnolipgoTtroinfouyv yia va axnuatiobouv aAAol
udaTAVOPAKEC OTTWG ANUAO, oakxapodln, Kal KUTTapivn, avaAoya PE To TI XPEIAZETAl TO
QUTO.



® 3 molecules
CH,0 co
| —2 : Stage 1:
? =0 carbon fixation
CHOH
|
#HOH RuBisCO COO-
e ad Eror
maolecules
RuBP CH20—®
6 molecules
3-PGA
6 ATP
3ATP
Calvin Cycle
Stage 3:
regeneration e
of RuBP ?etggcu -
[5 molecules GA3P | of 3-PGA
CHO 6 NADPH
CHOH I
] | 6 NADP*+ H
S (pr(pOpIK..n CH,0—P)
Y)\U Kapa)\éauén 6 molecules
| 1 molecule GA3P | GA3P

| 1/2 molecule glucose (CgH1,0%) |

B. Avtidpaoceig Trou dev e€apTwvTal atrd 1o pwe: KUkAog Tou Calvin

https://bio.libretexts.org/Bookshelves/Microbiology/Book: Microbiology (Boundless)/5:

Microbial Metabolism/5.12: Biosynthesis/5.12C: The Calvin Cycle



Presenter
Presentation Notes
Stage 1: Fixation
In the stroma, in addition to CO2,two other components are present to initiate the light-independent reactions: an enzyme called ribulose bisphosphate carboxylase (RuBisCO) and three molecules of ribulose bisphosphate (RuBP). RuBP has five atoms of carbon, flanked by two phosphates. RuBisCO catalyzes a reaction between CO2 and RuBP. For each CO2 molecule that reacts with one RuBP, two molecules of 3-phosphoglyceric acid (3-PGA) form. 3-PGA has three carbons and one phosphate. Each turn of the cycle involves only one RuBP and one carbon dioxide and forms two molecules of 3-PGA. The number of carbon atoms remains the same, as the atoms move to form new bonds during the reactions (3 atoms from 3CO2 + 15 atoms from 3RuBP = 18 atoms in 3 atoms of 3-PGA). This process is called carbon fixation because CO2 is “fixed” from an inorganic form into organic molecules.
Stage 2: Reduction
ATP and NADPH are used to convert the six molecules of 3-PGA into six molecules of a chemical called glyceraldehyde 3-phosphate (G3P). This is a reduction reaction because it involves the gain of electrons by 3-PGA. Recall that a reduction is the gain of an electron by an atom or molecule. Six molecules of both ATP and NADPH are used. For ATP, energy is released with the loss of the terminal phosphate atom, converting it to ADP; for NADPH, both energy and a hydrogen atom are lost, converting it into NADP+. Both of these molecules return to the nearby light-dependent reactions to be reused and reenergized.
Stage 3: Regeneration
At this point, only one of the G3P molecules leaves the Calvin cycle and is sent to the cytoplasm to contribute to the formation of other compounds needed by the plant. Because the G3P exported from the chloroplast has three carbon atoms, it takes three “turns” of the Calvin cycle to fix enough net carbon to export one G3P. But each turn makes two G3Ps, thus three turns make six G3Ps. One is exported while the remaining five G3P molecules remain in the cycle and are used to regenerate RuBP, which enables the system to prepare for more CO2 to be fixed. Three more molecules of ATP are used in these regeneration reactions.

https://bio.libretexts.org/Bookshelves/Microbiology/Book:_Microbiology_(Boundless)/5:_Microbial_Metabolism/5.12:_Biosynthesis/5.12C:_The_Calvin_Cycle
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Tacivopunon Twv QWTOCUVOBETIKWY BaKTNPiwV
5 opadec otnv snikpateta (domain) Baktinpla (16S rRNA)

*AepoBikn pwtoolvOeon
1. KuavoBaktrpla kat mpoxAwpoduta

*Avo&lkn dpwtoouvOeon

2. Nopdupa Baktpla

3. Mpaowa Belo BaktnpLa

4. HA\loBoktnpla

5. Mpaowa (un Belo) BaktnpLa

** Emionc otnv enikpatela apyaio to Halobacterium halobium



3.1.2. H «Z» pwtoouvBeon
OTa KuavoBakTnpia
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“aure 9.6 Electron flow in reaction center of a cyanobacterium

- cvanobacterium has two photosystems, designated photosystems I and II (PSI
w4 PSID). BPh, bacteriopheophytin; Q,, Qg, PQ, plastoquinones; FeS, iron-sulfur
~nter; PC, plastocyanin; F, Fy, iron-sulfur centers; Fd, ferredoxin; Fp(FAD), the
“=voprotein enzyme ferredoxin-NADP* reductase.




When exposed to light, the photosystem ||
reaction center passes through five
different oxidation states, with 1 e~
removed photochemically at four steps.

)444

“dark”

=
0, +4@p !\ 2 H,0

On reaching the most oxidized state, S,, the water-splitting
system or complex enzyme undergoes a spontaneous decay
to the most reduced state, Sy, releasing 4 e~ for the reduction
of 2 H,0 to O,. Four H* are released in the process.

Figure 9.7 Photolysis reaction of photosystem I
Evolution of one molecule of oxygen requires the stepwise
accumulation of four oxidizing equivalents in photosystem II.



3.1.3. ®ukoBiAivec kal PukoBIAiIcwuarta
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O1 QUKOBINIVEG €ival Ol CUCTATIKEG TTIPWTEIVES TWV PUKOBINICWHATWY, CUUTTAEYNATWY
TTPWTEIVWV ETTI TWV BUAGKOEIOWV UEUBPavWY TV KUAVORBAKTNPIWY Kal EPUBPOPUKWV.
KABe pUKOBIANITTPWTEIVN £XEI MIO CUYKEKPIMEVN MEYIOTN ATTOPPOPNON KAl EKTTOUTTA
POOPICHOU OTNV OPATH TTEPIOXN TOU PWTOG.
H tTapouadia Toug Kai N OUYKEKPIPEVN OIATALN EVTOC TWV QUKOBIANICWHATWY ETTITPETTEI TNV
ATTOPPOPNON KAl HOVODPOUN HETAPOPA TNG EVEPYEIOG TOU PWTOG 0€ XAWPOPUAAN a Tou
ewToouoTnuarog l.
Me Tov TPOTTO AUTO, T KUTTAPA MUTTOPOUV VA ETTWEPEANBOUYV aTTd Ta dIaBETINa PAKN
KUMATOG TOU QWTOG (0TO eUpog 500-650 nm), Ta oTToia €ival atrpOoITa aTn XAWPOPUAAN,
KAl VO XPNOIYOTTIOINOOUV TNV EVEPYEIA TOUG YIa TN pWTOOUVOEDN.
H 1d16TnTa auTrh agloTrolgital atrd Ta KUAvo@UKN o€ JeyaAuTepa BAON OTTOU Ta PRKN
KUMATOG TOU QWTOG €ival JIKPOTEPQ.

http://www.synechocystis.asu.edu/pdf/photosyn %20resp.pdf
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When cells are grown in green When grown in red light,

light, the rods are predominantly .| the rods are predominantly
composed of the red pigment made up of the blue
phycoerythrin. pigment phycocyanin.

Red light

W

~it
Green light

Figure 9.9 Chromatic adaptation of a phycobilisome

In some bacterial species, the composition of phycobilisomes
can be altered by changing the wavelength of light provided
for growth. This scheme shows chromatic adaptation in
Fremyella diplosiphon. Reproduced with permission. Arthur
Grossman, Microbiological Reviews, 57:725-749.

H cuoTtaon Twv QUKORBIAIVWYV PTTopEi va aAAalel avaloya Je TO UAKOG KUUATOG TTOU
QTAVEI OTOV OPYAVIOUO. 2KOTTOC N KAAUTEPN YETAPOPA EVEPYEIAG OTN XAWPOPUAAN a.

http://www.nature.com/cr/journal/v25/n6/pdf/cr201559a.pdf
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3.2.1. Tacivoynon TwV QWTOCUVOETIKWYV
BakTnpiwv

5 opadec otnv emkparteia (domain) Baktipla (16S rRNA)

*AgpOIKI pwTOoOoUVOEDN
1. KuavoBakTrpia Kal TTpoxAwpopuTta

*AVOCIKI pwWTOOUVOEDN

2. Nopoupd Bakthpla

3. lNpdaoiva B¢gio BakTrpla

4. HNioBakTtApla

5. Npaoiva (un 6¢io) Baktripia

s ETrionc otnv emkpareia apxaia 10 Halobacterium halobium



AvogCIKN) @wTtoouvOeon

3.2.2. Fevika XapaxkTnpIoTIKA:

1. ONGdEG HIKPOOPYAVICHWV
2XEOOV OAa Ta BAKTAPIA TTOU PWTOCUVOETOUV TTANV TWV KUAVORBOKTNPIWV.

> Noppupa Beio Baktnpia (n.x. Chromatium) Kai
>Noppupa un Beio Baktnpia (n.X. Rhodobacter, Rhodospirillum).
XpNOIMONOIoUV NMoppuUpr KaPOTEVOEIDN XPWOTIKN.

>[paoiva Bgio Baktnpia (n.X. Chlorobium) kai
>[paoiva pn Begio Baktnpia (n.x. Chloroflexus). XpnGIJOMNoIouV rnpaacivi
XAWPOPUAAN.

>HAIoBakTnpIa. XpnoipgonolioUuv anokAEIoTIKA BakTnploxAwpo@UAAN g.
>Apxaio nou ovoualetalr Halobacterium. HAiakn avTAia npmTovimyv:

Movadiko¢ NpwTOYOVOC TUMOC PWTOoUVOESNC. ANUIOUPYEI KAIOT) NpWTOViwV
yia Tn énpioupyia ATP.



3.2.2. AvoEikn pWTOOUVOEDT), YEVIKA XAPAKTNPIOTIKA
2. AOTEG nAekTpOViwv-0XI To H,0

»H,S, S, Na,S,0; (Be108g1k0 vaTpio) kai H, aTa npaaiva kai nopgupa
BsioBakTnpia

>H, 1 opyavikeg evwaoelg (Ppoupapiko, iconponavoAn KAn) ata npaciva kai
nop@upa BN BeioBakTnpia

AvTtidpaon: 6 CO,+ 12 H,A + E ----- > C,H,0 + 6 H,0 +12 A
To A dev eival O

CO, +H,S+E = (CH,0)_+S°

CO, +S°+E - (CH,0) + SO,>



3.2.2. AvoEikn pWTOOUVOEDT), YEVIKA XAPAKTNPIOTIKA

3. Movo eva pwTtoouaoTtnua (PS)

» XpPNOIKJOTTOIoUV BAKTNPIOXAWPOPUAAN avTi TNG XAWPOPUAANG.

>2Ta npaciva BakTnpia To pwTocuoTnua givar onwg 1o PSI.

>2Ta nopPupd BakTnpia To pwToouoTNHa €ival onwg 1o PSII.
»MTropouv va xpnoigotrolouv 1o PS yia Tnv TTapaywy ATP ue KUKAIKO
TPOTIO.

4. Kupia AsiToupyia €ival n napaywyn Tou ATP peow
KUKAIKNG PWTOPWIPOPUAINONG



3.2.3. AvoZIKr KUKAIKA pwToouvOeon
oTa TTOPQUEG PN B€io BakTrpia

- Cytoplasm

ATP M ADP + P


Presenter
Presentation Notes
Representation of the membrane proteins involved in the light reactions of purple bacterial photosynthesis. A photon is captured by the light harvesting complexes LH2 and LH1 (green) and the excitation energy (yellow arrows) is passed to the reaction center (RC, yellow). This triggers the transfer of an electron from a primary electron donor on the periplasmic side of the RC (not shown) via overlapping prosthetic groups to the final electron acceptor ubiquinone (Q) on the cytoplasmic side. After rereduction of the donor by cytochrome c (Cyt c, grey) absorption of a second photon triggers a second electron transfer resulting in the complete reduction of the ubiquinone and its subsequent double protonation with two protons taken up from the cytoplasm to form quinol (QH2). QH2 is replaced in the RC by an oxidized ubiquinone and passes its electrons to the next redox component in the cyclic electron transport path, the cytochrome b/c1 complex (blue; electron transfer: red arrows; proton transfer: blue arrows). A transmembrane proton gradient is established and drives ATP production (orange).
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3.2.4. Mn KUKAIKA («Z»)pwToouvBeon:

Por nAekTpoviwv ano To PSII oTo PSI

Napaywy” ATP kai NADPH
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3.2.5. KukAIKn pwTtoouvBeon:

Por) nAekTpoviwv evToc Tou PSI
Mapaywyn povo ATP



@ Cyclic photophosphorylation:

0.75
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0.25

Ey (V)

0.00

FeS, Iron Sulfur protein
P840 g,d fe‘rrldoxm
quinone
+0.50 ‘ light Cyt, cytochrome
P840, reaction center complex

+0.25

+0.25

CevIKEUMEVN KUKAIKE pOR} NAEKTPOVIWYV OTNV AVOSIKN @wToouvBeon. To KEVTPO
avTidpaong P840 atroppo@ad TNV evEPYEIA TOU PWTOC Kal digyeipeTal. To dieyepPEVO
NAEKTPOVIO EKTOCEUETAI KOl XPNOIUOTIOIEITAI VIO TN AVAYWYI MIASC TTPWTEIVNS TTAEIGdWY
FeS agrivovTag éva o¢eldwuevo P840. To nAekTpovio peTa@épeTal atro Tnv FeS o€
KIVOVN, KATOTTIV O€ PIA OEIpA KUTOXPWHATWY Kal TEAOG OTO KEVTPO avTidpaong P840. H
dladikaagia €ival KUKAIKR. ZNMEIOTE TO YKPI(o BEAOC atTd TNV FeS trpog pia geppedodivn
(Fd), etriong o€ ykpl. AUTO QvTITTPOCWTTEUEI JIa EVAAAAKTIKA pOr) NAEKTpoViwyY Kal Ba
oulnTnOEi TTAPAKATW OTN MN KUKAIKR @WTOPWOPOPUAiwan. To NAEKTPOVIO TTOU ApPXIKA
peUyel aTTo TO KEVTPO avTidpaons P840 dev cival amrapaitnta 10 idIo NAEKTPOVIO TTOU
TEAIKA Bpiokel TOV OPOUO TOU TTIOW YIa va avayel To oceidwuEvo P840.

https://bio.libretexts.org/Courses/University of California Davis/BIS 2A: Introductory
Biology (Easlon)/Readings/11.3: Photophosphorylation: Anoxygenic and Oxygenic



Presenter
Presentation Notes
Cyclic electron flow. The reaction center P840 absorbs light energy and becomes excited, denoted with an *. The excited electron is ejected and used to reduce an FeS protein leaving an oxidized reaction center. The electron its transferred to a quinone, then to a series of cytochromes, which in turn reduces the P840 reaction center. The process is cyclical. Note the gray array coming from the FeS protein going to a ferridoxin (Fd), also in gray. This represents an alternative pathway the electron can take and will be discussed below in noncyclic photophosphorylation. Note that the electron that initially leaves the P840 reaction center is not necessarily the same electron that eventually finds its way back to reduce the oxidized P840.

https://bio.libretexts.org/Courses/University_of_California_Davis/BIS_2A:_Introductory_Biology_(Easlon)/Readings/11.3:_Photophosphorylation:_Anoxygenic_and_Oxygenic

3.2.6. PwtoouvBeon ota TTpaciva Bgio Baktrpla-xAwpdowua
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Ta xAwpoowpuata cUAAUBAVOUV TNV EVEPYEIQ TOU QWTOG Kal TN METAPEPOUV OTO
KEVTPO avTidpaong yia TN QwWTooUVOED.

http://www.physics.purdue.edu/~sergei/Photosynthesis

http://phys.org/news/2011-03-neutron-analysis-yields-insight-bacteria.html
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Periplasm g3 The protonated retinal transfers its H* to a Protonsin the periplasm
pratein, which undergoes a conformational reenter the call th!'ough ATP
change that carries the H* across the cell synthase, generating ATP.

membrane, releasing it into the periplasm.

Photon

(R When exposed
to light, retinal
is protonated.

3.2.7.

OTO apxaio
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The bacteriorhodopsin
molecule has seven

helical regions, each of
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of the membrane.

The deprotonated retinal
then picks up another H*
from the cytoplasm, to
begin the cycle again.

Cytoplasm

Figure 9.1 Light-driven proton pump of halophilic bacteria

(A) The light-driven proton pump in the membranes of halophilic (salt-
loving) bacteria consists of bacterorhodopsin, a pigmented protein mole-
cule, to which is attached a retinal molecule. (B) The chemical reactions of ~ Periplasm @
retinal underlying the pumping mechanism. No electron transport is i

involved in this system. /__4\
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W N
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3.2.8. Ala@OopEC TNG AVOCIKNG BAKTNPIAKAG
pwToouvBeaNC ATTO TNV AEPOPIKA:

1.To H,0O d¢ev €ival N nnyn Twv NAEKTPOVIWV OTNV avogikn).
2.To O, dev €ival NOTE NPOIov.

3.01 BakTnplakeS XAWPOPUAANEC anoppoPouUV O HEYAAUTEPA
LNKN KUPATOC.

4.H apopoiwon Tou CO, €ival napopuoia.

5.YNApxel Kupiwe KUKAIKN pWTOPWTPOPUAIWON.



3.2.9. 2uvBeon Tou NADPH atré ta BakTtrpia

1. : H, + NADP* > NADPH + H*

2. Me avaoTpopn TnG ponc e oTnVv ailucida JeETapopac e :

H.,S S
S + > SO, + NADPH + H*
NAEKTPIKO doupapiko

3. AnNAn, BN KUKAIKR, PWTOCUVOETIKN pon €

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4518329
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@ Non-cyclic photophosphorylation:

0.75 FeS
0.50 8 “-ﬁ “NADP
PN N —— ——— NADP*/NADPH -0.32 V
0.25 e  NADPH
? FeS, Iron Sulfur protein
+0.25 P840 S0 Fd, ferridoxin
‘ P840, reaction center complex
+0.50 light
#0.75

Mn KUKAIKR pof NAEKTpOViwWV OTN avogiK @wToouvleon. To KEVTPO avTidpaong
P840 atroppo@a TNV EVEPYEIA TOU PWTOG KAl EVEPYOTTOIEITAL. TO EKTTEUTTOPEVO NAEKTPOVIO
avayel pia Tpwreivn TTAEIGdwyY FeS TTou Pe Tn o€ipd TG avayel Tn geppedoivn. H
avnyuévn eeppidogivn (Fdred) ptropei Twpa va avayel to NADP* mrpo¢ NADPH. Ta
NAEKTPOVIO TTPETTEI VA AVTIKATAOTAB0UV 010 P840, KATI TTOU aTTAITEI EEWTEPIKO OOTN
NAEKTPOVIWV. 2€ AUTO TO TTAPAdEIYUA, TO H,S xpnoiyeuel wg d0TNG nAekTpoviwv. To
TTapadelyua dev ouveyxilel o «Z» WTOOUVBED.
https://bio.libretexts.org/Courses/University of California Davis/BIS 2A: Introductory
Biology (Easlon)/Readings/11.3: Photophosphorylation: Anoxygenic _and Oxygenic



Presenter
Presentation Notes
Noncyclic electron flow. In this example, the P840 reaction center absorbs light energy and becomes energized; the emitted electron reduces a FeS protein and in turn reduces ferridoxin. Reduced ferridoxin (Fdred) can now reduce NADP to form NADPH. The electrons are now removed from the system, finding their way to NADPH. The electrons need to be replaced on P840, which requires an external electron donor. In this case, H2S serves as the electron donor.
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3.2.10. ZUyKpLon SUVAMLKWV TWV NAEKTPOVIWV
otnVv aepofBikn kot avoéikn dwtoouvOeon

Pheophytin-Quinone Type Iron-Sulfur Type
Reaction Centers Reaction Centers
Purple & Filamentous Plants, Algae and Cyanobacteria Green Sulfur Bacteria &
Green Bacteria Heliobacteria
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4. AlaTpO@IKOI TUTTOI



4. AI0TPOPIKOI TUTTOI

Tagivounon Twv eupiwv pe Baon:

ATTO TTOU TTQiPVOUV EVEPVYEIQ;
Dwc, avopyavec EVWOEIC, OPYAVIKEC EVWOEIC

ATTO TTOU TTQipvouv avOpaKkda;
CO,, HCO; (avopyavog), OpyavIKEG EVWOEIG (OPYAVIKOG)



Table 27.1 Major Nutritional Modes

Mode Energy Source

AUTOTROPH

Photoautotroph Light

Chemoautotroph Inorganic chemi-
cals (such as H,S,
NH;, or Fe?™)

HETEROTROPH

Photoheterotroph  Light

Chemoheterotroph  Organic
compounds

Carbon Source

COz, HCC)::,_Jr or
related compound

COZ, HCC)3_‘.r or
related compound

Organic
compounds

Organic
compounds

Types of Organisms

Photosynthetic prokaryotes
(for example, cyanobacteria);
plants; certain protists (for
example, algae)

Unique to certain prokaryotes
(for example, Sulfolobus)

Unique to certain aquatic
and salt-loving prokaryotes
(for example, Rhodobacter,
Chloroflexus)

Many prokaryotes (for exam-
ple, Clostridium) and protists;
fungi; animals; some plants

@ 2011 Pearson Education, Inc.
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2. OnAaoTika (+PUKNTEC)
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OPYAVIKEC EVWOEIC
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