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Advances in [Fe]-hydrogenase from methanogens
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Abstract: Hydrogenases are classified into tree types including [NiFe]-, [FeFe]- and [Fe]-hydrogenase
depending on the different metals in the active center. [NiFe]- and [FeFe]-hydrogenases were found in
various bacteria, while [Fe]-hydrogenase was only found in hydrogenotrophic methanogens. It catalyzes
the hetero cleavage of H, to reduce the methenyl group of C1 carrier tetrahydrobiopterin into methylene
group. Different from other two types of hydrogenases, [Fe]-hydrogenases do not contain
electron-transmitting iron-sulfur clusters and bimetallic active centers. Additionally, the highly substituted
pyridine ring and the Fe-acyl carbon bond in active center of [Fe]-hydrogenase indicated that there might
be a new catalytic mechanism in hydrogenase. It also proposed that methanogens could synthesis this
unique structural cofactor in a special way. This review summarizes the research progress of
[Fel]-hydrogenase since its discovery in 1990, including physiological function, structural characteristics,
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catalytic mechanism, maturation process, and industrial application in future.

Keywords: hydrogenase, methanogens, protein structure, catalytic mechanism, biosynthetic pathway
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Figure 1 Chemical structures of active center in [NiFe]-, [FeFe]- and [Fe]-hydrogenase

[9-12]

TE: A: [NiFe]-EMEH[NiFe]F.00 B: [FeFel-AME[FeFe] .0 €. [Fel-E M [Fe]r ool

9-10],

11 ]

Note: A: [NiFe] center in [NiFe]-hydrogenase®'”; B: [FeFe] center in [FeFe]-hydrogenase!''); C: [Fe] center in [Fe]-hydrogenase!'?
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of Frh, Hmd and Mtd in methangenesism'
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Figure 3 The structures of [Fe]-hydrogenase and its active center in the enzyme-substrate complex
e Ar i EE TR [Fe]- SRR (1515 . 2R OF B 2) M-I 2 & RS %) 25 451 ;. B: #%
AT W G-I 2 A RGP D 28 B 2541 FeGP: [Fe]-hydrogenase ({4fi[H 7 (4t (A BRMEMIAL, Fe LIAREBRBIEILRIR);
Methenyl-HsMPT": IR H3E-HMPT ™ (SREOBRIRIAL, Fe DIAREAEREIRIRIR)

Note: A; Structures of [Fe]-hydrogenase apoenzyeme!®" (closed form, top), [Fe]-hydrogenase holoenzyme®” (open form, middle) and the

enzyme-substrate complex (closed form, bottom)*?; B: The activated active center of [Fe]-hydrogenase in the enzyme-substrate

complex™ FeGP: Cofactor of [Fe]-hydrogenase (shown as green balls and sticks model, Fe atom was marked as brown spheres);

Methenyl-HsMRT": CH=H,MPT" (shown as light blue balls and sticks model)
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Figure 4 The proposed biosynthetic pathway of FeGP cofactor
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Figure 5 The proposed catalytic mechanism of [Fe]-hydrogenase
TE: [Fe]-ZBEMMEAIEINL S 2 FERE AR IV TR (LB AT FFRR) M-SR IR HE FFRR). B ELEL
R R - HMPT 25 G i, B B AL RB Y P, S IS A 25 (AL BESKON K (5 41 Fe mhuloBf 6 BRLI K o3 FHF il
PG, IWITTE AT Ho 856 19 Fe S48 B fi(step 1). Ffif5 FeGP 4 FulknEIf 2-OH i) 25 Ffk(step 2), Ha /3 F 456 T Fe
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Note: Open (highlighted by orange background)-closed (highlighted by grey background) conformational changes of [Fe]-hydrogenase
are involved in its catalytic cycle. The cycle is triggered by the binding of methenyl-HyMPT", generating the closure of the active-site
cleft and kicking out the water molecule from the Fe site (step 1). With the deprotonation of 2-OH on pyridinol ring of FeGP cofactor
(step 2), hydrogen molecule bound on the empty coordination position of Fe site (step 3) and its heterotic cleavage formed subsequently
(step 4). After transfer of hydride to Cl4a of methenyl-HyMPT" (step 5), produced methylene-HsMPT was released and the water
molecule re-bound the Fe site (step 6). In addition, the closed form was changed into open form again
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