FEER

Fosfomycin : ZHIMEERNDFHTG
WMIFERE LTORE

) FER - EH BB
U BB A ASRE SRR R

Z{IH 12024 58298 ZIEH 1202478298

F/OVREDL -7 2 LR2ERZIECHETHERDRIG CHRHOMICERETN TV SMERICHT
HMHEEHLNEEL, MHERNSIEF Y EFRITTE Y HESNICKERZBESG>TWS, ZDOAT, fosfo-
mycin (FOM) DBENEZFENBUSE>TWVWS, TOEHELT, FOMIE, ZOLWVREANY
MUITINZ, F/OVREYL B-S72LREEZEGHOAHT I —ONERERXMHEE R ELE
&, ZEIMEEICRHT 2VILE LTHREINTWBR T EHBIFENS, ESICERERIE, N14 T«
VLA Z DEBMERICHSND LD GHEFR, BLUBRKREFCBLTLYBWNMAREEZTRT
EVSRREE>TWVS,

FOM DINENEMIE, NECEROEEDIZNDF CThHs MurA (MiRESMER) OEEICMAT,
BY V) SAFEREIR GlpT & UhpT OFEPEEMN ERIREITKTET 5, TOARTGIpT & UhpT OFEIREIE, &
FTELGRERFOPBE, BLUHERRORHENE, SIHRRFHFICL>TEETEHI LN, BEES
EELEZOMBTIV—TICL>THSHICENTE . GlpT & UhpT ORIRHEERF % & &7 FOM

DOIEEEICHEERIFTRATFEZDDFAAZXLICDWTERERD D LIE, MEROHRFA
PAMBEREOEAMLEZROSHDBETO b DVORRICEN S T EHBFEIND,
AETIE, INETICASMCENTERLEDMRIC DOV TEHDMEDE ML & TlRsiE

??50

Key words: FOM, drug resistance, biofilm, resistance gene, Escherichia coli

. Fosfomycin DIETEMEA D Z X L
Fosfomycin (FOM) &, 1969 412G o 1 F#
Td b Streptomyces fradiae DS AT 5 PLEE H &
LTHR SNz 1970 FFRIC A - TEHER & LT
FZE S M7zD B2, 1980 47 5 EHR O B TAME
I SN LIV o7z 208K, £ 7 2 ARR
HIWINRA LT, =a—F /02 REOLEHHIE
PHRNTHES NS L2, IS OfiHSE
BHOHICHWS NS X )1k o778, FOM I
HWPIREE L LTVEDITOND LI ho7. L
WL S, FTLWHRHEORIEE, Par& T
BT R LR >TWD—FT, 20004 LLEE 12

ESBL (Extended Spectrum Beta-Lactamase) 4
BRIV N~k AT PR AR H AR (CRE ¢

Carbapenem-Resistant Enterobacterales), ¥ / U
YRR QAN RS L 22 s, PR

FHFPIILATL ) SWEES DL T bo TOHT,

FOM 2B UMz >2d 5" ZoOEHM L L
T, FOM (&, bt & A HEER 2SO PR % &
T 072K BR D720, MOPIREE & 3 % 7R
SRV EDPBLE L DEHIMIEREIZ b RIITH 2
EHIRF SN TR I ENEIT N,

FOM DRI, #HR O M & iR o —
D Tdh b MurA THh 57, MW OMIEE G HIE & A

B RATETARANET 3-39-22

BARMEFEEFRMEE Vol. 72 No. 6

561



562

(#3571 FOM DINEEE

Fosfomycin

A

G3pP G6P

GlpT UhpT

Cell membrane

A

@ MurA
UDP-GlcNAc 7-P—> UDP-MurNAc

PEP

Fig. 1.
Fosfomycin is taken up by the bacteria via

Fosfomycin mode of action

the glycerol-3-phosphate (G3P) transporter
(GlpT) and glucose-6-phosphate (G6P)
transporter (UhpT), then it binds to the ac-
tive center of MurA, thereby inhibiting its
enzymatic activity. MurA is an enzyme that
catalyzes the synthesis of UDP-N-acetylmu-
ramic acid from UDP-N-acetylglucosamine
and phosphoenolpyruvate (PEP), the first
reaction in the synthesis of peptidoglycan,
a component of the cell wall.
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Fig. 2. Regulatory mechanisms of GIpT/UhpT expressions
affecting the antimicrobial activity of fosfomycin
The red ovals are factors that promote the expression
of GIpT and/or UhpT, and the blue ovals are factors
that repress its expression. Gray ovals indicate proteins
that sense the small molecules indicated in the figure
and phosphorylate (activate) downstream regulatory
system factors. The yellow ovals are metabolic en-
zymes. Red and blue arrows indicate increased and de-
creased expression of the target factors, respectively. In
the figure, +P indicates phosphorylation and TMAO
indicates trimethylamine N-oxide.
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Fig. 3. Mechanism of the increased antimicrobial activity
of fosfomycin in anaerobic environments
Under anaerobic conditions, the concentration of the
CRP-cAMP complex in the bacteria is increased and
FNR is activated, both of which promote transcription
of the glpT and uhpT genes. For these reasons, the anti-
microbial activity increases under anaerobic condi-
tions, as fosfomycin is more readily taken up by the
bacteria.
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The spread of bacterial resistance to quinolones, f-lactams, and other antimicrobials used commonly in
healthcare settings has become a major social issue as the rates of resistance to these drugs continue to
remain high. In this context, the potential demand for fosfomycin (FOM) is rising again. This is because, in
addition to its broad antibacterial spectrum, FOM does not exhibit cross-resistance to other categories of
antibacterial agents, including quinolones and f-lactams, and is therefore expected to be a last resort drug
against multidrug-resistant bacteria. Furthermore, FOM has stronger antibacterial activity in microaero-
philic and anaerobic environments, such as those found inside biofilms and adjacent tissues.

The antibacterial activity of FOM depends on the transport activity and expression levels of the uptake
transporters GlpT and UhpT, in addition to those of the inactivating enzyme and target molecule MurA
(cell wall synthase). Many research groups, including the authors, have shown that the expression levels
of GIpT and UhpT vary depending on various environmental factors, host and bacterial metabolites, regu-
latory factors, etc. Factors affecting the antimicrobial activity of FOM, including regulators of GlpT and
UhpT expression, and their molecular mechanisms, are now being investigated. A better understanding of
the factors and molecular mechanisms that influence the antimicrobial activity of FOM, including regula-
tors of GIpT and UhpT expression, is expected to lead to improved treatment protocols to predict the
emergence of resistant strains and to enhance the usefulness of this drug.

In this paper, the above findings that have been elucidated to date will be discussed, including the latest
research trends.
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