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Radical mechanisms offer the adenosylmethionine (AdoMet)- Scheme 1. Energies along the Proposed Pathways for the L
and adenosylcobalamin (AdoCbl)-dependent aminomutases the?:3"-AM- (a) and 5,6-LAM- (b) Catalyzed Reactions (kJ mol—7)

opportunity to execute very specific 1,2-amino rearrangements N\ /N )\
between adjacent carbohkysine 2,3-aminomutase (2,3-LAM) and / / ~_ /~OH
lysine 5,6-aminomutase (5,6-LAM) belong to these intriguing OH 7%
classes of enzymes and their activity is closely related as follows: = N x
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Pyridoxal 3-phosphate (PLP) is required by both enzymes to g 22116 ;=I(_|7Hs 4a (~44.9)
facilitate the amino rearrangement via an aldimine linkage to the 2b [-10.4] - P* abpis7)

migrating amino group of the substrate. Adenosylmethionine

(AdoMet) and adenosylcobalamin (AdoChbl) contribute the putative or P+) has yet to be obtained in the reactions of 5,6-LAM. In the
high-energy 5deoxyadenosyl radical (Adoto the process, which,  present contribution, we seek to address these outstanding issues
although produced by different means for each cofactor, is py examining energy profiles of model substrates and their
responsible for initiating and terminating catalysis via hydrogen analogues.
transfers. Overall, these reactions appear to be closely related 10 Geometries and scaled vibrational frequencies were obtained with
those catalyzed by other AdoCbl-dependent enzyines. the B3-LYP/6-31G(d,p) procedure, and improved relative energies
Initial H-atom abstraction by Addrom the substrateSH) forms o4 g i \were calculated at RMP2/G3MP2Lafehis level of theory
Ado-H plus a substrate-derived radic&)( Rearrangement then ¢ o eviously been demonstrated to be adequate for aminomutase-
generates the product-related radiét),(which may, as is proposed catalyzed reactions.Lysine and PLP have been truncated as

- i 2 . :

for_ 23 LAM gnd 5’6. LAM? or may nq% procee_d via a cyclic indicated to allow for computational tractability. We have chosen

aziridinylcarbinyl radical *). The reaction terminates when an - . S

H-atom from Ado-H is transferred 18" to form the product®H) the neutral form of the pyridine ring within our model of PLP,
P since the crystal structures of 2,3-LAMand 5,6-LAM® suggest

plus Ado. . : ;
. . . full protonation to be unlikely. 5Deoxyadenosine (Ado-H) was
Al tand | in AdoMet- and AdoCbl-d dent bio-
ongstancing goa In Adolet an © ependent b1o modeled with 2-methyltetrahydrofuran-3,4-diol.

chemistry is the characterization of the radical intermediates in these ) 8

reactions so as to verify the postulated reaction pathways and thus Scheme 1 displays results for models aimed to reflect the
better understand the mechanism of action. Using native substrated€actions of 2,3-LAM §) and 5,6-LAM () with lysine. In both
and their analogues, Frey, Reed and co-workers have provided solid®@5€s: @ mildly exothermic initial H-atom abstraction by Aiom
evidence in support of radical-mediated rearrangements in 2,3-LAM. 1 is followed by modest barriers for ring closure2to form 3 in

For instance, electron paramagnetic resonance (EPR) spectroscopfeactions that are endothermic by-226 kJ mot*. Ring-opening
has been able to identify thie® of -lysing* and theS of the Is moderately exothermic for bothandb, although more so foa
analogue 4-thialysineAn allylic analogue of Adohas provided ~ because of the stabilizing effect of G adjacent to the radical
additional evidence for the role of Ad mediating the H-atom- center in4a!0

transfer steps for this enzyni¢iowever, observation of the cyclic Frey, Reed and co-workers have examined the G-(@CHy),
intermediatelf) linking S andP* in these reactions remains elusive, S (Y = SCH),® and allylic (Y = CH=CH,)'! C4-derivatives of
and direct evidence of any type of radical intermediate &e.}°, lysine to further characterize the pathway outlined in Scheme 1.
Table 1 displays our calculated energies for the steps along the
| Kniversity ﬁfaﬁgﬁg%niversity_ reaction pathway for model analogues for 2,3-LAM £XCO,H)
* Rudjer Boskovic Institute. and 5,6-LAM (X = H). The first two rows of Table 1 correspond
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Table 1. Energies (kJ mol~1) for Steps along the Reaction 30T :
Pathway for Model Species Pertinent to the 2,3-LAM- (X = CO3H) [ (25.2) Rela"vifr:;?_ﬁ'
and 5,6-LAM- (X = H) Catalyzed Reactions (see Scheme 1) [ Z = CHy P e\
20F 7 (22.8) 3\
Y X s TS1 I TS2 P [ )
CHs COH —-11.6 37.3 8.9 17.7 —44.9 10 [
H —-10.4 39.0 16.9 36.2 —15.7 -
OCHs COH —24.8 22.7 7.8 10.7 —42.9 X
H —29.2 18.9 4.7 25.8 —26.6 ofF
SCHs COH —36.8 16.1 10.5 151 —-40.1 [
H —37.7 19.0 12.3 38.6 —229 L e e
CH=CH; COH —70.1 26.0 17.0 250 -—29.3 -10 3 R
H —77.4 20.3 15.0 39.1 -11.8 L U
—20.' Z = CH=CHy; ——— ™ _(-18.9) < ‘\.,\
) . N —22.4) - — Y
to 2 (S), 3 (I*), and4 (P*) of Scheme 1, and provide a baseline L ¢ )T 24\ (~=30)
against which results for the other systems can be compared. —sor m
The third and fourth rows of Table 1 highlight the reaction - I P
energies of 4-oxalysine (4-OL), which is an alternative substrate
for 5,6-LAM.2 We can see a large stabilizing effect$n of the Figure 1. Relative energies d& , I*, andP* for various Z-modified PLP

derivatives pertinent to the 2,3-LAM- (X% CO;H) and 5,6-LAM- (X =

OCH; substituent on the adjacent radical center. Relative stabiliza- H) catalyzed reactions (see Schemé 1).

tion of S has the effect of increasing the endothermicity for the
formation ofl* from S.

Rows five and six of Table 1 represent results for models of
4-thialysine (4-TL), an analogue that has allowed characterization
of the S in 2,3-LAM.5 Overall, the reaction exothermicity for the
initial H-atom abstraction increases across the series<BCH;z
< SCH; from ca. 10 to ca. 40 kJ mol. The relatively large
exothermicities accompanying H-abstraction fr&td when Y =
SCH; are consistent with an accumulation of t&eof 4-TL with
2,3-LAM® and suggest a similar outcome might be expected with
5,6-LAM. Indeed, the formation df is predicted to be endothermic
by ca. 50 kJ mol, with barriers for ring closure of ca. 55 kJ mél
for both X = CO,H and H.

The last two rows in Table 1 display the reaction enthalpies
obtained with models for allylic analogues of lysine. The reaction
of 2,3-LAM with trans-4,5-dehydrolysinet{4,5-DL) has been found
to result in mechanism-based inactivation, and the C3-derived
radical of t-4,5-DL was assigned as the causative agent for
inactivation!! We find that the initial H-atom abstraction reaction
at C3 when X= CO,H is exceptionally exothermic at 70.1 kJ
mol~L. The barrier for formation of* is calculated to be 96.1 kJ
mol~%, and the reaction is endothermic by 87.1 kJ mhol'he depth

and therefore systems of this type offer good prospects for
experimental observatio.

In summary, our calculations provide a rationalization for the
previous experimental observations of substr&g &énd product
(P*) radicals in specific 2,3-LAM-catalyzed reactions, and suggest
that 4-TL andt-3,4-DL may permit observation & in 5,6-LAM
as well® Our calculations also suggest strategies for modifying
PLP that might lead to the first observation of the aziridinylcarbinyl
radical intermediate I{) in the lysine-aminomutase-catalyzed
reactions, which would provide further support for the mechanism
of Scheme 1.
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