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S-Adenosyl-L-homocysteine Hydrolase as an Attractive Target for Antimicrobial Drugs
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S-Adenosyl-L-homocysteine (SAH) hydrolase catalyzes breakdown of SAH, which arises after S-adenosyl-
methionine-dependent methylation, into adenosine and homocysteine. The enzyme activity is required for both metabol-
ic pathway of sulfur-containing amino acids and a variety of biological methylations. Because of the essential roles of
SAH hydrolase for living cells, inhibitors of SAH hydrolase are expected to be antimicrobial drugs, especially for viruses
and malaria parasite. Our research focused on the development of new antimalarials based on the SAH hydrolase inhibi-
tion. Malaria parasite employs SAH hydrolase of itself for coping with the toxicity of SAH, so that the target offers op-
portunities for chemotherapy if structural differences are exploited between the parasite and human enzymes. In vitro
screens of nucleoside analogs resulted in moderate but selective inhibition for recombinant SAH hydrolase of malaria
parasite, Plasmodium falciparum, by 2-position substituted adenosine analogs. Similar selectivity was observed in the
growth inhibition assay of cultured cells. Following crystal structure analysis of the parasite SAH hydrolase discovered
an additional space, which is located near the 2-position of the adenine-ring, in the substrate binding pocket. Mutagenic
analysis of the amino acid residue forming the additional space confirmed that the inhibition selectivity is due to the
difference of only one amino acid residue, between Cys59 in P. falciparum and Thr60 in human. For developing an-
timalarial drugs, it might be suitable to select target from pathways that are present in the parasite but absent from hu-
mans; nevertheless, even if the target was common in parasite and host, slight structural difference such as single amino
acid variation is likely to be available for improving inhibitor selectivity.
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Fig. 1. Physiological Role of SAH Hydrolase

SAH hydrolase is involved in biological methylations and metabolism of
sulfur-containing amino acid. [1] Methylation by SAM-dependent
methyltransferase, which produces SAH, [2] Hydrolysis of SAH into adeno-
sine and homocysteine by SAH hydrolase, [3] A part of homocysteine is
used to synthesize cysteine by reverse transsulfuration pathway, [4] the other
homocysteine is converted to methionine and [5] methionine is regenerated
to SAM.

SAH OEEZ{EK<AD. D §7/bb, SAH K
fR B R TR A F IV RS Z& (Rt T 2 el 2 1
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Fig. 2. Structures of SAH Hydrolase Inhibitors
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SAH Ky fREEFHEANT, <7V 7 OfLEE
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T2 NAM)'PTIE, b MEREFEHBERT, 20
FN1luM & 3.1 uM THH 7= 1®
SAH 7K 5y fif B 35 BH 25 41 7% i HL I 32 1T IR M %2
5T HREERD T, HEHFEOLEHEKN
NAM ZHAGH & U THEERICE 4 OB 25
AL, TNHICEKLHEZR® ZOHRE, 2



980

Vol. 127 (2007)

ey 2 ) HEEGA LGS, HEEEIIEK T2
HO0, JFHREHENDOERENGED I EZHS )
L7, — AT, FAUCMEICRFZDLAFIVEZEA
92 EHFEMHISBEEZE TR T L. BALLERHE
DOHA XL, 7IVE<AFINELRETHS =
W, HHEREELEERO/NS WEREH & BT 2 18
AT DT EMBREM EORERD EEZ SN,
INZEMFZ DI, 2MCT7 v EZEALR
NAM (2FNAM) zZ&RkL, HERZFERD T
B0, HREENORREN LA THERNES
Nz ®

2FNAM 79N B R IR IR 2R B, HEid
EWFER)Y T O —FICK OB SN /2. HE
(YT 7> 2) FAETFIT, M A B R 2 i
Ll 20 @IV F—HEROE—LTA > 2
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Fig. 3. Comparison of Adenosine Binding Site of P. falcipa-
rum SAH Hydrolase with Human SAH Hydrolase

Characteristic pothole in the substrate binding site of P. falciparum
SAH hydrolase was indicated by an arrow (left panel). The corresponding
position is occupied by the side-chain of Thr in the case of SAH hydrolase
from human (right panel).

FOHE, THNITHIET S 7 2/ #%EIT Thr60
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oz, ZOARMITHICIAEREEZ T TR, iR
T EMERTOBELEMEE OEWICRNT 2 nlfetE
HEZLHNEE®H, Cys59 O Ser NDEHHEML
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BEEOMRICAEIZEED 51T, 2 1EH NAM O
BRI EFE I BRI E 0T 513 HHE Lk
ZEMHSMNITIE - . I, & SAH K5
REEFZETOTY X ) BEROFELFN-. b MEEH
@ Thr60 % Cys, Ser & L < i3 Ala ICEHT 5 &,
TIN5 ERIKZ 2FNAM 12 & B [HEZ 7-20 (%21
RIT<LA5/. 25 LT, 2FNAM (T X % 5 it
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Sk ZEITLBEEZEAOND. B, BE—KiE
NG SN TS TR TOD SAH MK fREESE D h
T, ZOHREIZ Cys FEE 2D D3 Plasmodium
JBDOIRHDOHTH 5.

2FNAM [T X 2 ZRAHEL, BEMlzHW
EEBTHHRINT NS, 9 2FNAM 13, NAM IZ
e U T~ A A FM3A 2T 5 5%
100 B F X &7/~ —F T, FRNEL P. falciparum 1T
I sHEMEEILBLSIE RN HEL, FM3A
ML 2 NAM O#HEMENITCL @2 72728,
ECs, i1, FM3A & P. falciparum TIFEEFR U 7.2
UM T T.4uM ThH o7z, G813, T U 7RI
K92 EIRFEZEICW LI LML ENH D, 2D
22, FEFHAINTOWRWERES AT 4
BELOBVWEFAT2HEND DD, NEAT
A HEEEBALIC DWTIE, in silico BFZEIC & o TH#E
HXNTVWEHEDOD, 2 WEFZEFITIEE > T
W, bIbiud, RESRATA GG & A
REHT RS B 5 e Z RO T, 4fiz7 v &K
fEU7ZRFERXZ LA R, 2-amino-4"-a-fluoro 9-
[(1’R,2"S,3’R) -2’,3 -dihydroxycyclopentan-1"-yl ]
adenine ((2-amino-4"-oa-fluoro DHCaA) Z &k L
2.2 ZoLEWI E N SAH MK o) R 5% 2 fHLE
Ulzino ey, XU 7 EBERIIDTNICHEL
7z (ICp=220uM). ZDZELFHREZATA Uk
BERFICEMiZINA D Z & CHEGREZFFTES
ZEZERBRLTHBD, SBISIEREZ SO
BYORFBNFTE 5.

5. &HYIC

PAEWRARTE /&SI, SAH /Ko @k Tl
R QDI NI R 2RI U 7R IR EA 2 R
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THB7I/BRLNIVOEVWEZNHLEZT 714 2 F
21— 27 DT HE R SR EAE R 2
EINTEBHLEDOND. FRIBIENVERNEZE L
CRRYYIE il B VT 7= 98 & JERE L 720,

HEE AR, RRRPETER A G TR
AL ERTEZ I LDE <D &, KIT, HEFEHF
kN2l ERTIPNG S il e L B A N Gk 2 64

FRERSEE, BT H FHE B L, MIlRFEE
B R AW LD SR ETH I 2/ TETT
HIENTEELE LDEVEHEZHRL LT XY,
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