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The bactericidal mechanisms of carbon monoxide and the feasibility
of carbon monoxide-releasing molecules as anti-infective drugs

WU Gen-fu’
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Abstract: The bactericidal mechanism of carbon monoxide (CO) and the feasibility of CO-releasing
molecules as anti-infective drugs were summarized by consulting scientific literature, combined with our own
research work. Anaerobic bacteria are usually tolerant to high concentration of CO, and some can even grow with
CO as sole carbon or energy source, but most pathogenic bacteria are sensitive to CO. In view of the difficulty of
gaseous CO in controlling the applying dose and the action site, CO release molecules were synthesized. CO
release molecules not only have higher bactericidal activities against common pathogenic bacteria than gaseous
CO, but also have the ability to kill antibiotics-resistant bacteria and destroy their biofilms. CO mainly binds with
heme-Fe™ in cells, interrupting the electron transfer of respiration chains, which would result in the generation of
reactive oxygen species. CO can also disturb intracellular ion balance, which further triggers free radical reactions.
Due to its diverse acting targets, uneasy to induce drug resistance, and synergistic effect with other antibiotics, CO
is expected to be the next generation of anti-infection drugs.
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Table 1 Bacteria being able to metabolize carbon monoxide (CO)
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Bacteria Group Typical bacterium Ref.
Anaerobes Purple non-sulfur bacteria Rhodospirillum rubrum [12]
Acetogenic bacteria Moorella thermoacetica [13]

Ethanologenic bacteria Clostridium ljungdahlii [14]

Sulfate-reducing bacteria

Methanogenic archaea

Hydrogenogenic bacteria
Aerobes Carboxydotrophic bacteria

Pseudomonas bacteria

Desulfovibrio vulgaris
Methanosarcina acetivorans
Carboxydothermus hydrogenoformans
Oligotropha carboxidovorans
Pseudomonas carboxydohydrogena [17]
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3.1 COREHIHISRNREME i 7 ML A5,
COLRe 5L E AL &, (ENEARRLIE. &R
AUIE K CO AR 9 T £R 85 570 0 DAL . 2006 4
Brooks 4502k I FH T A1 OR 5 (17 CO REH1 il J&5 WAk A=
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25 BB RO KK M W v R 4 8 1, 3R AR FH AE R
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Table 2 CO releasing molecules (CORMs) frequently used in scientific studies

Group Name Central element Chemical molecule Ref.

Water soluble CORM-3 Ru Ru(CO),Cl (glycinate) [21]

ALF186 Mo [Mo(histidinate)(CO),] [11]

CORM-AI Na,(H,BCO,) [22]

DMSO (ethanol) soluble CORM-2 Ru [Ru(CO),CL,], [20]

ALF153 Fe Fe(C,H,)(CH,CONH,)(CO), [11]

ALF021 Mn Mn(CO)Br [23]

ALF062 Mo [Mo(CO),Br] [N(C,H)),] [24]

Table 3 The second generation of CORMs triggered by light or enzymes

Group Activation Name Chemical molecule Ref.
Light triggered 365 nm light CORM-C1 Mol[(((1,10-phenanthrolin-5-yl)imino)methyl)-6-methoxyphenol](CO), [25]
405 nm light CORM-1 [Mn,(CO),,]-polylactide [26]
410 nm light HF-D-Ala 3-Hydroxyflavone-D-Ala [27]
650 nm light TPP-HF Tetraphenylporphyrin 3-hydroxyflavone [28]
808 nm light CO-MPDA Fe,(CO),,-mesoporous polydopamine [29]
Enzyme triggered Lipase CORM-Ac 3-Methoxy-2-phenyl-4H-benzo[h]chromen-4-one [30]
Dioxygenase HF 3-Hydrooxyflavone [31]

HOQ 3-Hydro-4-oxoquinoline
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M 2% B [F) R LE A3 1) 40 14 7 3 8 R 5% R 75 20 pmol L.
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5 5 R A )R 2 0, BN B IR R N T
62 pmol-L"'. CO B 5 T ik BEH i MRSA (135 7557
Cheng %5 FH — F 41 41 i 2 1) CO R T8 4 7 Ak 3
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(P T8 9l R AE; S SR AL BE 9 R, AT A MRSA B G (1)1 11
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To . Rocco 557G BRI — P& BRIR IR IR B 4%
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B . Klinger S5 G 1 7 — Mot i )87 f¥) CORM, £
405 nm W] WLOR S J5, BB CO i 474 B 2B P i
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TG 1 Th e 0K LT, AMEBETELL AN Rk R
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SR CO HIPRAN I B SR 36 AN A4 (R THD) 187 LI IS T
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SR BT SR /IS BRUMCIRE LA AR AT IR 97 8O, S2 56 3
T /) B PR BT 2R L R R 2 R ™ 7R/ RS EK A
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M EE 5 COMERNE T 7 T i3k B Wk 40 i 1) 7 A
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4 CORYImEHLE
41 MARRCOMEEIR CORRLIELRL
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PPy 3 B A 4 R R AR T R AR A .
R 7 T AL R AR, CO 5 5 Fe* &4 &, BAREL
B A& CO IR AT RE#L bR, {H CO ML 2 1F #4772 If
LR T, BN CO G ML N I CO- LA R E 54
DM N, 1 4 P DA 21 2R R 4 B R T 1 B AR
FIA IR 2, 40P, A0t i) 5 0 4208 W NO &l L i S L A
i NAD(P)H AL « & FH R LB, L5 — Se i g1
W E A, BRI CO ML 26V FI SR bR, 2 1% B
COZBWMURI 4. HRTYFZIFE# M, i Co 5
T T 1 S8 STH FE R D, U I 2 it SR Ak R S A2 A
R EALEE, /& CO F I REMI 45 & 5, {H Carvalho
LIS K M A B (R 9T 3 B, TCA G BA o [ AH G i 2
CORM-3 1E I B8 bR . A< A ZH o) B 23 8 75 L IR
PR FORIF F 40 38 B, CO FAIAE FH B A% 5F 3F 2 ity S AL B, 1T
J2 NADH it S .

Wilson 5 8 7 Ifil 21 2% Bk 2% (10 K B A 1 o8 A%
PR, Bt HXF CO MIBURMEREAT T 404, K I CORM-3 X}
% RAG R B AR U B R WA, Ul B T A A A R
I 4T 3526 CO ¥R, 408 B8 1 S A I 55 7 A 15 =R
i COARE, HE— e EE FEERA.
42 FHEHNRCOREMITTHENSB 4N & L
RMEO R AR RED, EAER AP T
R+ EE A, XS E ARG, 40H K
RE LN ARG RE, A K Z R H] . (HE2HHZ N
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e PR AT AE ), A2 SR SR A TR 38 W] TG AR R IR B
RWEFERe . WAL A, KA 1 %0 B 7 2R 1 B
PS5 41 B TE SRS R 5RO AR CO AR BE, T HLAIUR HE
B AR B RO B A e 2 A Ak I O A 2R O R A
B AL T e — R Rl . O 7 BR RS A BE R CO IR B
ML, B R HAT T REM I . Taraves F R B
CORM-2 il & Jo 40 o i W e 7= A2 2 B B 2, HL 1)
T SL R I 52 2 B, CORM-2 A K i AT 1 40 Jf 9 1 1 e
BRI, P06 RO 5k I i DNA 52 3 43477,
YA L E 1/ 5 7 CORM-2 FI A HE 1E s Al 138 4
T R E AN Z B A oxyR soxS F DNA & & B 3
recA WK T B FEAE MR, R BLIX L2 RRAF KT CO B
B S 25 AR, M PN TG PE SR (reactive oxygen species,
ROS) /K-F-B & EFHH, H DCF %% 5% il 52 126 5 70 4 4
1B 5 i B ROS 122 4k, Jk B CORM-2 Ak 2 Ji5 i
ROS &3 #m, I N- 21 2 b & R S50, Al PR 47
YT Yo 32 SE AL 545, IE B ROS A2 51 4 JE T (1) 32 2
J5 A Wareham 2547 Fil CORM-401 347 1) 52 46 th. 75
FIFAI 5 SR X 7 Pt I 48 CORM [ 401 i P F
1T H A, RILPLE B8 15 1% F 51 & i N ROS /K-F
% IE B, CORM-2 [ 7% TR RE 77 f 5, Jiti IS B 9 ROS
g™, HCOEM T4 SRR B 5, MW
H,0, % & M ROS K*F* (DCFH-DA ¢ i 52 #i% -
T, BN CO FI A B AE A5 8 s e P,
43 THEFZEMCOERBABITEMNERIET
& R T HE— 2B B CO R B LT, Davidge S5 Al
Mclean 2173 5l 5t CORM-3 1E I T K i A1 i )5 1) i
SIS AT T AT, R BLHEIN CO J5 g % 41 i £5 2% S Ak
Pt (1) 5 D] RN g B B9 A TR I R 6 DR B 25 L (H S
& B R EARS A R M RIA L, — 4 /iy
F Wl ArcA.Crp.Fis . FNR.Fur £ ) R A & F L H & .
Wilson 275 100 pmol-L"' CORM-3 &b 3 5% K iz A1
LA 3R Gk 2 G A 1 e S v B A AT T 0 b, RIS
BRIRAZFOF A SC I L IR | 4 R 7 B 2 3k TR AN AR
M CEE R Rk W3 B, VIR T M40 & & 14,
CO e F HAth & )8 Fl ik, B4 5 L EmR-S A
FAIE-N LS4 )8 . Nobre 225 CORM-2 % K i
PR (10 4 5k R 2L S i 1347 2 A, I AE G B IR i B s
[ 578 F HEAT CO BB SE 38, RIS K 7 ) N AH 56
RISETR, U0 spy F cpxP, #0502 A, B &40 & 15
CO BUL K IAAT B ) EZ R F . Bang ™5 CORM-2
X} 2 HL iR 245 K S T T 4 Sk TR Rk 1 B s AT T
B, RIS Re R M AEY S RE RMER T, 5
SOS M. % \DNA &5 A K F R RIL . R~ T HRE
CORM H HAth 4 By B 4 6] 4 53 ¥ 5 1, Wareham %55

FH CO S A4 b B K g #F 187, 6 22 DR 30 9 1) A8 A 4T
THEF, KPLCO Mt 4 75 7 Fnr.ArcA 1 PhdR 5
Wi B B A% IR AR, JFIE BBk AR ARG R AR
MIPEEL o AR 2H 34 %o — Bl KV 14 2 CO R et 771
CORM-401 1E FH T K AT B8 J5 1 3 53 34T T 20 i1,
RI G b0 B T RN L I L 2 AR B R R 5
TR A S B FE IR R 2 R, TR BB Y T CpxR.
I HR I 75 F Are A1 For AR & FR & U 715 T Met] FlEk
P I - For 5 2 PUEL, MAT1IA N CO I = 2R
FeARSD R, T A AE 9 AR AR AL B S, 5
G PN B S IV 5 IR S T e 4 AR A, ik
R 2% R N,

ZEA DL gE R AT DUk IR B AT B CO R
FEZ T, BARTE E Ak B A A5 AR, 8 AR [A
CORM Kb HE & 19 BANH 45 B, Bk E KZH 20%
KA TR Rk 2 R AR B2 0 Ak B AR AN B B AR
WAL R I RIES N, 58N RERE NS
DNA & H A R RIE 2 F, ¥ilH CO :EH 5
W AT S BG4 A, BELI T R AR, VR N R AR B
TR LR 2 P, 32 A R 508 R L TG RUOVR I R
RN, SR N H K&~ FrbL,
wtH AT iRIESRE, COREMEM T &REAMT2H
SE I, 15 R T B AR 1A [R) RS2 36 24 1 1) 22 5%, AN [H) 43
BHMERAERESR. EARZEBEAF, B—NA
Fe g R CO B2 2830 75 Bt — B Rt o
5 COXREBHMSFIEAFERTHINATITH
51 CORNEESM EALFRITH, B 17 HHH]
R A K B 2 Ah, I AR PR, B
A% B BRI T HLAR A R R B R AT RE /N . CO A2 —
FASESD T, RKE COMEARLEHRA K M,
WM R IEIEH B I RE T L T . B R, K
MR RIN 1 h 7 0.025%~0.050% CO 1) 45 < 7] i
B2 R e P BB T A B R B R Y NSRS
0.05% CO 2SI 1 h, BRYE 2 0.01% CO 178X
HOEIR 2 hy 5 B AR A AT A R BE, TR B A
M A KRR T HEREE ., AR R
FEUH, ESE 10 KN 3 mg-kg! CO, ML 1 )B4 I 4T
& A B =R 12%, BEEF AR E A A R R BT, CO
1R R it 20 Jik i T 7 A S5 A BEL % 0K P il 4 44k L 5k
I P R 005 S5 0 IR T 25 L NI R TR
RPN T N B R URE « B O R Bk IORE 1R YA
I7 W 70t B B 4y 3k RO, B T R W, 40 R CO
B R B KT B A% A . Desmard 252 & L,
10 pmol-L" CORM-3 A 1] iil] 4 £ {2 5 A B 19 2E 4, 17
X LA 4 B () ) 22 /0 75 22 500 pmol- L' A _F. Nobre
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SR 7 B CO BRI AT T REAT T SL00, R INAE S0 MR 5
N R K AT B A K T Bl A0 48 B G B .
DLk & s AR HIF 5 CORM-Br %t 22 5 fiff 24 K i AT 1
(T BRI G 1, R BB CO J5 A8 T Ko, 3 n 7
SV IIAF IR, DN RO BE g A 7R fR AFF 78t K
Bl CO R R BEAH R, ¥ 18 B A5 TE WD 1] IR B e 51 2 11
g 9, YL CO X SRR B i) B AR /N CORE mf
YA/ B MRSA Sy, RIS A1) D3R TH B R T AP,
BT — @R E K COBIT, IMETT R IE A i
WG B O BT 0 N BB ) AT, R
DNase B R AL, -4 LA COVRIT, ROR ¥ T 47,
52 HEN COMMZM T COREMZEE)Hk
(1, FEARVE F T 5 — 4 e AR B 2, DRt 40 B % CO
R W 29t 52 VE (9 AT RE I EL BN . Bang 2% 41
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