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TIOHNS-T T ) UNAL- AT A= (SAM) BERIL, 4Fe-4S7 7 A X —ZAHIK 1 & L TSAMZ &I
BINCBA S D Z L T-TAXTTT ) VT Vh (5-dAs) Z3ESHE. e T VbV ERIEA
ELTHRA e 7 U NVRILE T 2R ThH 5, AL TIL, 7V WLSAMBERIC L DT Ul
SIS RIRE LA DEERIZ B W TIRBEOBEICHHIN TS Z EIZEB L, kFE-RFE
FEATER S 42 5 2 L SAMEE S OREREfEIAZ B8 LT,
FP. BERICTHEE L LTSN TWAR AR A SV OESRICB T, C-A FIALKIGE
fifi4~ % L HEE SN TV a T 2 UARIET 2 J1 /L SAMEE#EFom3 DRERERENT I BV FLA 72, KISEE
(O CHRFERI S E 7 Fom3 28K IR L, v F VY kS hiz2-t Rad T Lk AR VR
(HEP-CMP) Z#FE & L TS SHEMERE, v F P U 2-E Redx v 7 Lk Ak g (HPP-
CMP), 5-TAXT 7T /v (5-dA), S-TT ) S IV-L-IREVAT A ViNERAR L TND I R
Doty YF TV IES LTV 72 WHEPZHEP-CMP O D IZ i & B 72 RFI2IE5-dA % # T
ERMoT2Z D, Fom3DFEEFEFRICB W TCCMPEV S N EE TH D &40 o T2, S HIT, B E
AUTZHPP-CMP D C2/. D SLARALF % % F /VHPLCREHTIZ K - TSBLE &P E Lo, Fio. (5)- 72
(R)-[2-*HiJHEP-CMP% ZNZN AR L, ZI Db aHE L U TSN 21TV, 5'-dAe D FEE DC2A7
Dpro-ROKFZJRAZ FIRANZ G X< ZEZHLNI LT, 2D DOREEN S Fom3 3 i35 C-
A T A FC2AL DS F D & > THITT D B2 b b, AIFFEIZ L - T, Fom3iZ &
HO-AFNAVREARIA L, RAR~A T DEBSHREO AL INITHZENTE T,
WIZ, FE OREIEE Ry D—>TH D37 T U A RN R Y A= )V OAEARICEET 5 EHEE S
T2 T VB )V SAMEE#EHpnH DREREFEHTICE © #LA T2, HpnHDin vitrof#hr Tid, HEERE TH 5
77T OKITH T DR RIEEN B & fr o T, 2T, AZ T LR U BEEES (SHC)
& HpnH % B X w72 KEGE O M lafh ik 2 VT, ISR TR T L a7 a 77 il
ZEHA L, HpnHE SUSEH72, ZORER. (22R)-7 7 / 2 Vik/S L SHpnHDIEMEIZ L » TIER SN D
ZERHLMNI 5T, £, HpnHZ BRI L, 7' n 77 U2 RKE L U CRIBE O FimiE
PEFIEAE F CRIG BT L 2 A, (2R)-TF / VIR UNEKR ENT-, T2 L > T, HpnHA Y
7a 7T o DCNL L 5-dADCS' D RN H T2 72 R B - IR FAE B Z TR T D RS 2 il 32 = & A3
LT T, WRIZ, BAKPCTRIGEIToT2 & 2 A, R OCRLICEKRENIR VAT Z &N
Do Te, ZOREFRNLC=CHER~DS5 -dAs DI I > TIEREIND T N FRIKDIETTIZ,
KEDT T NN FIRERIRFENBE G35 E 2 b7, £ C, HpnHAE o ZIZBRFSND
Cysd D UNITyrfk S 2 8 S 7-HpnHAE BAKZ TR U SOSRIT 21778 o 72, £ DGR, Cysl106%
BERIFEGAITIEERZE LK T LI E, BLO Cysl06ZE BRI L > T 22R)-77 / VL7
Rl (228)-T T 7 VIVEAR ORI T\ Z LD, Cysl0673 7 ¥ B )V HfiA % & e
THEETH Y ERDOC2ALD N EFZRE L TN D Z EDRH LMo T2, L EO SR
2> HHpnHD SUGHEREIZ DUV T, SAMMDBA LTS -dAe N7 a7 T ODTF ) AF L AR LT
N2 2 LT, REB-IRBIEGIER I, C22NLIZE LT VB D Cysl06DF A — s bk
JiAZ SERIBIRAICE & < 2 & T Q2R)-TT /) VAR UNIBREND EEZBND,
ABFFETIL. Fom3DERERRNT 238 U T, R DAEBRRITIE FFAET D a T I UARIET v
SAMPBEFRIZ & B C- A FIALBUG ORERE 2B 5 202 LTz, £7-. HpnHOBERERRHTIC X - T, £ < 0l
EHOMPBEICE ENDH NI T U A RN R Y F— VORI N T L R BBk = > F & BIK
Moo= N & RB-IRBERED TRSHEIEZI LM Lz, AFRICE > TE O NIRRT KB O IR
FEBOMEERE LT 5 ECEERMAL LD,
45 : FSCER X, FiST 2000 & 430300 354 1T oM 950, & L IEHESC800 354 1R L T 72 &0y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Radical S-adenosyl-L-methionine (SAM) enzyme, which is the enzyme superfamily that catalyze a various
radical reaction in living cells, has a 4Fe-4S cluster at the active site. The carbon-sulfur bond of SAM
coordinating to the 4Fe-4S cluster is cleaved reductively to generate 5'-deaoxyadenosyl radical (5'-dA«), which
is a radical initiator in radical SAM reactions. In this thesis, I focused on the radical SAM enzymes catalyzing
a carbon-carbon bond forming reaction involved in construction of the carbon skeleton of natural products.

First, I show the functional analysis of cobalamin-dependent radical SAM enzyme Fom3 involved in the
biosynthesis of fosfomycin, which is a clinically used antibiotic isolated from Streptomyces and Pseudomonas.
The enzyme reaction was conducted with recombinant Fom3 and cytidylylated 2-hydroxyethylphosphonate
(HEP-CMP) as a substrate. As a result, HEP-CMP was converted to cytidylyl 2-hydroxypropylphosphonate
(HPP-CMP). The production of 5'-deoxyadenosine (5'-dA) was also observed. In the presence of HEP instead
of HEP-CMP, the production of 5'-dA was not detected, indicating that the CMP moiety of HEP-CMP is critical
for substrate recognition by Fom3. The chiral HPLC analysis showed that the stereochemistry at the C2 position
of HPP-CMP formed by Fom3 is (S)-configuration. In addition, Fom3 reaction was performed with (S)- and
(R)-[2-*H,JHEP-CMP, elucidating that 5'-dAe stereoselectively abstracts the pro-R hydrogen atom at the C2
position of HEP-CMP. Consequently, it was clarified that the C-methylation catalyzed by Fom3 proceeds with
inversion of configuration.

Second, I show the functional analysis of radical SAM enzyme HpnH involved in the biosynthesis of
bacteriohopanepolyols, which is one of the components of bacterial cell membrane. Recombinant HpnH
converted diploptene into adenosylhopane. NMR spectra of the enzymatic reaction product were identical to
those of synthetic (22R)-adenosylhopane, indicating that HpnH catalyzes stereoselective C—C bond formation
between C29 of diploptene and C5' of 5'-dA. Further, the HpnH reaction in D2O-containing buffer revealed that
a deuterium atom was incorporated at the C22 position of adenosylhopane. Mutational analysis clarified that
the Cys residue conserved among HpnH homologues stereoselectively reduces the radical intermediate formed
by the addition of 5'-dA- to diploptene.

This study elucidated the substrates and products of Fom3 and HpnH, and also the mechanisms of carbon-

carbon bond forming reaction catalyzed by Fom3 and HpnH.
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