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Quantum Mechanical Study on Multiple Lysine Methylation Catalyzed
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Abstract The reaction mechanism of multiple lysine methylation by S-adenosylmethionine (as modeled by
sulfonium ion) has been studied by means of ab initio and DFT calculations. The barriers of uncatalyzed re-
action in gas phase are somewhat lower and the reaction profile resembles typical SN2 reactions, whereas
the reactions present significantly higher barriers in dielectric media. The hydrogen bond contribution of
three residues in the active site of the Rubisco large subunit methyltransferases to monomethylation reaction
has also been evaluated by B3LYP/6-31G* and ONIOM MP2: B3LYP calculations. At the ONIOM
(MP2:B3LYP) level, the reaction barrier was predicted to be 82.8 kJ/mol, which is in excellent agreement
with the activation barrier of 87.4 kJ/mol estimated from the experimental value. The enzymes can not yield
special stabilization on the transition state, however they provide a solvent-free room for the substrate (sul-
fonium ion and amine) and can bring the nucleophile and the electrophile together through the nearby resi-
dues, therefore facilitating the methylation processes.
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Figure 1 Catalytic role of the methyl transfer pore in the SET
domain active site
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Table 1 Calculated electronic energies (hartrees, 1 hartree=
2625.5 kJ/mol) for each species in the gas phase

B3LYP/6-31G* MP2/6-31G*

Ethanaminium —135.53740  —135.04152
Trimethylsulfonium —517.67033  —516.62484
Ethanamine —135.17073  —134.67553
CP1 —652.86242  —651.32519
Cpl' —652.85534  —651.31617
TSI —652.83889  —651.28988
Dimethylsulfane —478.01381  —477.12111
N-Methylethanaminium —174.85574  —174.20963
N-Methylethanamine —174.47953  —173.83402
CP2 —692.16812  —690.48264
Cp2' —692.16227  —690.47380
TS2 —692.14772 —690.45114
N,N-Dimethylethanaminium —214.17015  —213.37661
N,N-Dimethylethanamine —213.78859  —212.99542
CP3 —731.47488  —729.64309
CP3' —731.46984  —729.63459
TS3 —731.45597  —729.61455
N,N,N-Trimethylethanaminium  —253.48152 —252.54337
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Table 2 Calculated energies using the SM5.42R with the di-

electric constant of the water (78.3) and chroloforms (4.0)
(kcal/mol, 1 kcal=4.18 kJ)

|

Water CHCl;4
Ethanaminium 68.153 83.580
Trimethylsulfonium 93.497 101.852
Ethanamine —16.377 —15.755
CP1 76.180 83.830
CPI' 76.422 85.301
TS1 105.411 112.191
Dimethylsulfane —11.195 —13.969
N-Methylethanaminium 76.648 88.631
N-Methylethanamine —17.220 —17.620
CP2 74.193 81.006
Cp2' 75.663 83.144
TS2 109.364 113.293
N,N-Dimethylethanaminium 84.477 93.065
N,N-Dimethylethanamine —18.215 —19.870
CP3 73.031 78.546
CP3' 74.888 80.323
TS3 112.700 114.602
N,N,N-Trimethylethanaminium 90.878 96.531
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Figure 6 Positions of three active-site residue models relative to: (a) the ground state; (b) the transition state optimized at
B3LYP/6-31G* and ONIOM(MP2:B3LYP) in pLSMT. The CH—O hydrogen bonds provied by the three active residues were indicated
by broken black lines (units 10~ nm). The B3LYP results are shown in brackets. At the ONIOM level, low level region is shown by line;
high level region is shown by ball and stick
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Table 3 Structural and energetic characteristics of ground-state reactant complexes and transition states for the monomethylation in the

gas phase and enzymatic orientation at different levels

System rs-c/(107'nm)  rc /(107" nm) Os—c—/(°) Energy/Hartrees
CP1' 1.836 2.994 179.156 —652.85534
TSI 2.299 2.147 179.245 —652.83889
B3LYP/6-31G* ECP 1.826 3.210 165.483 —652.92036
ETS 2.237 2.194 179.232 —652.89961
phol —307.46487
ace —209.21220
CP1' 1.806 3.009 179.932 —651.61664
TS1 2.273 2.070 179.753 —651.58883
ECP 1.802 3.126 171.186 —653.68580
ONIOM(MP2/6-31G*: B3LYP/6-31G*)
ETS 2.260 2.066 177.286 —653.65420
phol —307.25280
ace —208.71802
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Figure 7 Examples showing the geometry and molecular envi-
ronment of the lysine access channel and S-adenosyl-L-me-
thionine (SAH) in SET domains is shown for: (a) pLSMT, cacu-
lated in this text, PDB entry 1ZOV; (b) SET7/9, PDB entry
109S; (c) DIM-5, PDB entry 1PEG; (d) hSETS, PDB entry
1ZKK; (e) vSET, PDB entry 2G46 (the 17th structure of NMR);
(f) G9a, PDB entry 208]J. The probable CH—O hydrogen bonds
provided by the active-site residues were indicated by broken
black lines. The distances are indicated in A; red O, blue N, gray
C, yellow S. The invariant Tyr is indicated by purple labels
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