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Fig. 1 Cobalamin coenzymes, Bj,—dependent isomerases (eliminating), and the minimal mechanism of AdoCbl-depen-
dent rearrangements. (a) Adenosylcobalamin (AdoCbl). Adenosyl group and cobalt atom in blue. (b) Other B;,
compounds. Methylcobalamin (MeCbl) (1), cyanocobalamin or vitamin B;, (CN-Cbl) (2), hydroxocobalamin
(OH-Cbl) or aquacobalamin (aqCbl) (3), adeninylpentylcobalamin (AdePeCbl) (4), cob(II)alamin (5), and
cob(I)alamin (6). [Co]in (1)-(6), cobalamin. (c) Minimal mechanism of AdoCbl-dependent rearrangements.
Homolysis of the coenzyme Co—C bond (1) and adenosyl radical-catalyzed rearrangements (2). [Co], cobala-
min; X, generic migrating group; Ade, 9—adeninyl; SH, substrate; PH, product. (d) Reactions catalyzed by DD
and GD. (e) Reactions catalyzed by EAL. (f) Common feature of AdoCbl-dependent rearrangements catalyzed

by Bj,—dependent isomerases (eliminating) .
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Fig. 2 Chemical structures of uroporphyrinogen III (a) and pro-
toporphyrinogen IX (b).
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Fig. 3 Fo—Fc omit map around the adenosyl group of DD and EAL. EAL/AdoCbl (a), EAL/AdoCbl/2-AP (b), DD/
AdoCbl (c), and DD/AdoCbl/1,2-PDO (d). The contributions of the adenosyl group and a—side chain of the
corrin ring were omitted when calculating the electron density maps. Side chains of Proa194 of EAL/AdoCbl and
EAL/AdoCbl/2-AP are omitted to clarify the view.
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Fig. 5 Comparison of the active sites of EAL (a) and DD (b) and the structures of cobalamin moieties in EAL (c) and
DD (d). Hsindicates the pro—S hydrogen atom of 1,2-PDO modeled based on the structure of DD/AdoCbl/1,2—

PDO.

BEIxN, RbVICay Ve 727 I FHIAOT 3
FBARRT L AFE/EL T\, TDafllglid EAL/
AdoCbl CTiz o) VB2 6 B TH N v T 7z 48

EAL/AdoCbl/2-AP Tiza vV VEROPMICH & %% 2,
3'-OH b KEFESE L T\ 7 (Fig. 5(a,0)), COREREND,
a fIgEIZ ) R — 25 Co {0 & IE 5 T OHAICHE T

AR, N EFEIIL T ) VEROMMA SN E X A
Bz, UR—AFWERFREEGTHIEICL->TT T/ VIV

SNV DCE B MBEICRIETABEND S &%
2bN5, ¥/, BANKREY Y ARELZEITHT &
IZ& D CoCHEADMAERIET S EE 2 BN D,
ZNTIE DD THFERIC e RO EELITD 5 D72
%55 2 DD O 413 DD/AdoCbl, DD/AdoCbl/1,2-PDO
WENOEE L )R — AP RE £ /3B S TLOH
ICH W T Wiz 72@, EAL/AdoCbl ® X 512 C5" %3 Co ifF
BEICRE L 7 REEOHEE A3 72\ L2 L, DD/AdoCbl &
DD/AdoChbl/1,2-PDO DS A#TT> Z & T, a fIgHD
BECAEEREZOLOTERL, VR—AHORE
TALICKRFE T D2 LW T 52 &AMk S, DD/
AdoCbl, DD/AdoCbl/1,2-PDO \ ¢ N OHEETL, a (5

13 EAL/AdoCbl/2-AP & FRICa U VEROAMIC TR

L, UKR—Z#D 3 -0H & kFERKE& L T/ (Fig. 5(h,
d), £/, JR—Z2# > 2'-0H i3 Sera224 (EAL ©

Sera247TIZHHY) L KFEREE L Tw/z, EAL/AdoCbl DRk
EBEKICETFT I VI B {To726 2%, C5 1 Co DIFHEIC
(LE$ A AL, a fIgEA T Y VERONBNCEEI L Th,
3-OH b KFEMEGT A EEINRAETH A EBT -
7oo Fxid, DRHCUR—AFH AV 2 A F U VERIC B
LARNEW®ET T 7 ThHH7T 5T =X F ) By
(AdePeCbl) (Fig. 1(h)) & EAL, DD ¢ O#E&hOREE%
fRMT L 72410, AdePeCbl » OB &R T, EEOFEI
B 59, WwInd EAL/AdoCbl D Xk D2 a flIgEA D
VEROMMINCH HZ E D, afliEa) VERONMNICE
B+ 57203 R—2A EOMEERBLETH S &
G2 THS (Fig. 5, d), LLEICKD, afiiffoay
VEBRNAINOBENL, )R- a ML KEREE TS
CEDAREAIE, DE D, EE/BAEIMLLIBICAET S
BEHICORK T S LiEmHER S,

38 &I Jan. 2020 Vol.33 No.1



PEw 7 Z T X REREECEDC B BBERNT S HILBRRICZ ST 5 RO REH

Table 1 Kinetic parameters of mutant DDs.

Kn

DD e 571 (%) K K 0070 Koty K 3 1074
1,2-PDO (mM) AdoCbl (uM)

Wild type' 336(100) 0.15+£0.02 0.94 2.2 0.027 75

Tal72S 34+3(10) 0.16+£0.01 1.02+0.02 0.21 0.049 3.8
Tal72A 0.50+0.02(0.15) 0.031£0.07 0.87+0.01 0.016 0.010 0.29
Sa224C 12+2(2.6) 0.51+£0.01 0.20+0.01 0.024 0.16 0.58
Sa224A" 64(19) 0.15+0.01 0.36 0.43 0.46 0.8
Sa224N* 17(5) 1.90£0.01 3.4 0.009 0.070 1.5

T From ref. 15
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Fig. 6 Fo—Fc omit map around the adenosyl group of DD
(Tal72A) /AdoCbl/1,2-PDO.
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S (1,2-propanediol)

\

ThiX172

-

Adenosyl radical
formation

I

S
- a-side chain: staying at the
periphery of the corrin ring
+ Substrate gate: opened

S (1,2-propanediol)

The adenosyl radical
approaches to the
substrate molecule.

+ The a-side chain moves inward of
the corrin ring, forming hydrogen
bonds to positionally stabilize the
adenosyl radical.

+ Substrate pathway: closed

Fig. 7 Synchronized conformational changes of the peripheral a—acetamide side chain of the corrin ring with the radical
shuttling motion of an adenosyl radical between the original and catalytic positions.
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Direct participation of a peripheral side chain of a
corrin ring in coenzyme Bq, catalysis
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Abstract The crystal structures of the B;,—dependent isomerases (eliminating), diol dehydratase and
ethanolamine ammonia-lyase, complexed with adenosylcobalamin were solved in the absence
and presence of substrates. The structures revealed that the peripheral a—acetamide side chain of
the corrin ring directly interacts with the adenosyl group to hold the group in the catalytic position,
and that this side chain swings between the original and catalytic positions in a synchronized man-
ner with the radical shuttling between the coenzyme and substrate/product. Mutations involving
key residues that cooperatively participate in the positioning of the adenosyl group, directly or in-
directly through the interaction with the a—side chain, decreased the turnover rate and increased
the relative rate of irreversible inactivation caused by undesirable side reactions.
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