H, 5 2H* + 2e-
[NiFe] Hydrogenase [FeFe] Hydrogenase

2H* H,

2e°
(%) small subunit
[NiFe] [4Fe-4S] [4Fe-4S] [4Fe-4s)
‘ [4Fe-4S]
A @ [3Fe-4S] Center @_M

large subunit [4Fe-4S] 26

small subunit
large subunit

H, 2H*

Fino a 104 cicli/secondo

[CNH
o Cysé S/Cys gys [Fe4S4]\ é
\ ’\\\\\“ , "", / / \ \‘\/S\z /
Fe Ni Fe, .
/5\)(/ \s\ C/ \ "’CN
NC NC



[FeFe] Idrogenasi

Unico sito di connessione
alll’enzima

Pro203

%
©
°
®e
°

Ala109

%9&32
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N J\

J

Y Y

Vacant Filled

metal a-MO
orbital, e.g.  of H,
sp,d o hybrid

H,-to-M donation
(2)

an

> Z

N AN J
Y Y

Filled Vacant
metal a*-MO
d Of H2

Xz

M-to-H, back-donation
(b)




Il CO coordinato favorisce la rottura eterolitica di H,

heterolytic O complex oxidative addition
cleavage *

i)
TH _H
[M—H| ~ +H" =— M= ><' M
H H

electrophilic M nucleophilic M



Fe—Fe ldrogenasi

Ne 8 cN * Active site attached at only one point
protein OCQ'FQ/ zs\Fefi.Co » CO and CN ligands on low-spin Fe"
C>s S/ \:/\ \(;Hz\ = Metal-metal bonds
/ NH
/l/=e ™ \ ‘\- Intramolecular heterolysis of H,
g \ ostensibly at this site
[ _S nitrogen?
_Fe i: e/\ / CO can displace H,0; can H,?
s \s// Fo-sR H, is slightly stronger ligand than
H,0 on W(CO)4(PR3),

Fe-S cubane cluster
for electron transfer

Trans CO ligand favors H, coordination and heterolysis

High ligand-field strength of CN may be needed to help maintain a low-spin state
for Fe that is critical for strong CO binding. High-spin Fe'-CO complexes are rare



Ipotesi di meccanismo




Fe—Ni Idrogenasi

4-
X

3
)

)

Nature, 2015



Ipotesi di meccanismo

Cys-S O .
y \Ni&_/ \F{CN

: \‘CO

|\h{DyS-S S-Cys o-Cys

Small subunit

Oxidized state
l

| Activation |

Cys-Sa_ / .cn| diamagnetico
Large S:Ibunit ’ * \"CO
Cys-S S_Cy;"é-Cys
Ferro sempre Fe(ll), Ni-SI,

Nichel Ni(ll)/Ni(lll) | catayticcycle |

y Ni-C



Nickel

~58.69




Enzimi redox

Leganti anionici allo zolfo
(Cys e S%)

Coppia redox Ni(l)/Ni(lll)
Insaturazione coordinativa
Basso spin

Enzimi non-redox

Sempre Ni(ll), acido di
Lewis

Leganti O/N
Esacoordinato

Alto spin



Ureasi (enzima non-redox)

O HOE NH4 O H,0 NH; 0
| N7 RN
N~ NH, % N o Hofc“oa

l'ureasi e a piu efficiente tra le
idrolasi note, induce un aumento
di velocita rispetto alla reazione
non catalizzata di 3 x 10% volte
(da centinaia di anni a
microsecondi)




/?, u-OH /"
0 ’ ) Penta-cooordinato

e,

Lisina carbamilata



NH(Lys)

o7 o
(HiS)N,,, / _«N(His)
- N|2
(HIS)N/ \ "0’7 \0 N(His)
° H20 (Asp)
I
_C_ + NH
“0 " >NH,
4H,0
NH(Lys)
(His)N,, / \ _«N(His)
“Nid Ni2
(HIS)N/ \"0/ \) N(His)
(Asp)
N/\NH ---- ~0- (‘: N.'_'_'z
= H3N@ ------ o,
Hig«222 ‘

O.__NH,

NH,

3H,0

Y

B NH(Lys)
07 Yo -
(His)N,,, / H \N «N(His)
(Hls)N'/ \‘o/ \)N(Hus)
N (Asp)
C—NH,
/
HoN
’ S
£
[s)
®
C NH(Lys)
e
(His)N.,, / y \ _wN(His)
“Ni1 | _Ni2
(H-s)N/\‘(o/ “SN(His)
----- R (Asp)
/\‘NH---“ O\C/N!:IZ
— AN
HoN - o
His 222 p 7/ ses
»' o
N Ala
Nucleophilic HN _ ~#
attack His«323



metil-coenzima M riduttasi (MCR)
enzima redox (archel metanogenici)

- /\/S"\.
035 CH3 + HS &
H H opPo,>
Methyl-coenzyme M Coenzyme B 3
Methyl-CoM
Reductase
Y AG°~-30kJ/mol
HCH;
/\/\/\/H\H &
-035/\/5\5 N>YCH
HH opo,>

Heterodisulfide



Coo

Ni(l), d®, nel coenzima F-430

proximal Hy2

SO5”

CoM-S-S-CoB

HoN \C// COOH
A distal }d\,- _—
il Macrociclo tetrapirrolico

con solo 5 doppi legami



Meccanismo S 2

CoB-S CoB-§ CoB-§
QH CoB-S
B HY )
H3C—S -CoM S-CoM s CoM s'com
(|3H3 CH3
COB'S\ COB-S‘) CoB-S
H ( H CoBH-S- ) CoB- s \
o~ S-CoM
H3C"S o e S-CoM G < -CoM S Com

.<— r’:-?* é Ni2* __‘ J-



