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Molecular mechanism of the alkyl-transferase MtaA catalyzing
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Candidatus Syntrophoarchaeum

WANG Jin TIAN Xiaopian LI Zhengxin CHEN Haifeng WANG Fengping’

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China

Abstract: [Background] Thermophilic archaea Candidatus Syntrophoarchaeum was found to coexist with
sulfate-reducing bacteria and oxidize n-butane by the reverse methanogenesis pathway. However, in this
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process, the enzyme responsible for catalyzing the oxidation of butyl-CoM has not been determined yet.
[Objective] Using molecular dynamics simulation to prove that the enzymes encoded by mtaAd genes
found in Ca. Syntrophoarchaeum can specifically catalyze the transfer of butyl in butyl-CoM, and they are
not methyltransferases. [Methods] Using the crystal structure of Methanosarcina mazei coenzyme M
methyltransferase MtaA (PDB ID: 4ay8) as a template, homology modeling of MtaA 1 (GenBank ID:
OFV65993.1) and MtaA 2 (GenBank ID: OFV65678.1) was performed. Molecular docking was used to
obtain the structure when they were combined with CH3;-CoM and C4Ho-CoM respectively, and AMBER18
was used for molecular dynamics simulation. [Results] When combined with C4sHo-CoM, MtaA 1 and
MtaA 2 exhibited a TIM-barrel-like three-dimensional structure similar to the fold of 4ay8. However,
there are differences in the shape of the active site, the distance between Zn*" and the substrate, and the
coordination of amino acid residues around the active site. These differences may be the reason why the
enzymes encoded by mtad genes found in Ca. Syntrophoarchaeum catalyze the oxidation of butyl-CoM.
The overall structure of MtaA 2 is more similar to 4ay8, and the coordination of residues around the
active site is complete, suggesting that MtaA 2 is more likely to be active. When MtaA 1 and MtaA 2
bind to CH3-CoM respectively, their overall structures are unrealistic, and the coordinated Zn*" is too far
away from the substrate, indicating that CH;-CoM is almost impossible to bind to the enzyme.
[Conclusion] MtaA 1 and MtaA_ 2 of Ca. Syntrophoarchaeum are likely to be specific butyl-transferases
rather than catalyzing the transfer of methyl groups, and MtaA 2 is more likely to be active.

Keywords: Candidatus Syntrophoarchaeum, anaerobic oxidation of butane, alkyl-transferase, molecular
dynamics simulation
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Figure 1 Metabolic scheme proposed for butane oxidation with sulfate based on molecular analyses
. Ca. Syntrophoarchaeum (£1 2N HE)F| S HE F= i@ t2 (L @ARc)TE L T ke, FHEAE H 2E-HMPT A5 CO,. ML T BEAHES A
AL S SRB (#abric) L i, BN A x5 Wood-Ljungdahl i8R b(EEbRIT). RSN B R 2 iR
HhIE J5UHY HotSeep-1 20 B (SR IFIRIC) o MUABRICHIBEZR R TR (BT PRI 2 s BT SRR iC ARA I B 5E R A s i A 5
*mtd {AEHESEHEN Ca. S. caldarius FEFAPRIF] . 55 (e 108 58 1R I 213K 5 [FeS1iAS & s 5 A a8 ALS &ty 1)
Note: Ca. Syntrophoarchaeum (red cell) uses the reverse methanogenesis pathway (red labels) to activate butane and to oxidize
methylene-HsMPT to CO,. Butyryl-CoA oxidation is catalyzed by enzymes shared with syntrophic bacteria (blue labels). Acetyl-CoA is
oxidized by a reverse Wood-Ljungdahl pathway (violet labels). Reducing equivalents are transferred to the sulfate reducing HotSeep-1
partner bacterium (green cell and labels). Enzyme names in bold indicate their detection in protein extracts; dotted arrows mark hypothetical

pathways without detected genes; *mtd has only been detected in the more complete genome of Ca. S. caldarius. Symbol [e ] indicates
electrons bound to haem or [FeS] clusters in proteins, or to unknown or non-specified carriers'”!
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Figure 2
catalyzed by the MtaABC complex of Methanosarcina

Schematic representation of the reactions
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3 MtaA 15 MtaA 2 5344 CHy,-CoM (A. B)F 4ay8 454 HS-CoM (C) PRy EHREE

Figure 3

ribbon representation of 4ay8 from M. mazei with bound HS-CoM (C)

Ribbon representation of MtaA_1 and MtaA_2 from Ca. Syntrophoarchaeum with bound C,Hy-CoM (A, B) and

123]

{E: TIM-Barrel Z5M DI (LR 7R , FAb N 3 —ZRESM A G278 . BFES TR MR AER . CiHo-CoM FI HS-CoM JHERHR !
FOR; CIERTMEER, ORT LM, SETHEM ., “HEMITRY 4ay8 4t TR
Note: TIM-barrel-like fold is shown in light blue and the additional N-terminal secondary-structure elements are shown in white. Zinc ions

are the purple balls. C4Ho-CoM and HS-CoM are shown in ball-and-stick representation; C atoms are colored light blue, O atoms red and S
atoms yellow. The numbering of the secondary-structure elements is consistent with that of the structural alignment with 4ay8
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Figure 4  Superposition of MtaA 1 (yellow, A) and
MtaA_2 (yellow, B) with 4ay8 (blue)**!
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Note: C4Ho-CoM and HS-CoM are shown in ball-and-stick
representation. Zinc ions are shown in ball representation
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Figure 5 Representative electron-density map detail around the active-site residues of substrate-bound MtaA 1 (A),
MtaA_2 (B), 4ay8 (C)®! and Zn*" coordination in the active site of substrate-bound 4ay8 D)=
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TR, SETFHEE, TR RKAmER, B ERERRANIR, AR BRI IR

Note: Green represents positive difference density and red represents negative difference density. C4Ho-CoM and HS-CoM are shown in

ball-and-stick model. C atoms are colored white, N atoms blue, O atoms red and S atoms yellow. Zinc ions are the grey balls. The protein
main chains are shown as ribbons. The coordinating side-chain residues are shown in ball-and-stick representation.
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Figure 6 The change of distance between Zn*" and C4Hy-CoM of MtaA _1 (A) and MtaA_2 (B) during 200 ns
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