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Figure 1.

Sequence alignment and molecular phylogenetic analysis by maximum likelihood method between

NDM-1 and other MBLs. The tree is drawn to scale, with branch lengths measured in the number of substitutions

per site. The analysis involved 5 amino acid sequences. All positions containing gaps and missing data were
eliminated. There were a total of 192 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.
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Figure 2. Number of NDM-1 secondary structure and ions binding site.
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kpe-2(SBLs)iEE AR TRE
Schematic diagram of kpc-2 (SBLS) active pocket.

HBA R BAZME T, J5 R HEWT N Y220W 848
TR A B AR BER M, B, Tyr229 . Leu209
- Glyl88 7E Wil i 17 sii Bt 3L B mi i) S B R BT
Tyr229 TR 7 S R A E P 3 1 B2
YERT o S0 1 A S R A e A5 R A P i 8
MIRR o

5. Tyr229.Leu209 #1 Glyl88 7EHEGE 5L &5 M i 2 A

ke
Figure 5. Hydrogen bond formed near the active site of
tyr229, leu209 and glyl88.
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Hydrolysis mechanism of NDM-1.
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& 9. NDM-1-B-H Bt izl Ls 4 &
Figure 9. Structural diagram of NDM-1-B-lactamase.
Showing the positions of essential residues, substrate
specific residues and nonessential residues. The essential,
substrate specific and nonessential residues are labeled
red, yellow and green, respectively, while the zinc atoms

are represented as gray spheres.
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Structure of NDM-1, ampicillin and meropenem.
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B 12. D-FREZEFIARES NDM-1 EE6HI&AK

Figure 12. Crystal of D-captopril and its complex with

NDM-1.
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E 14. Bi(I)* &5 NDM-1 895 &40 & EH D&M &)
Figure 14. Compounds of Bi (III) and NDM-1 and their inhibition mechanism. A: Superimposition of Bi-bound NDM-1
(cyan) with native Znbound NDM-1 (orange). Structural alignment was done over Ca residues using SSM algorithm in

Coot and the images were generated using PyYMOL. The two structures can be superimposed well with a rmsd value of

0.18 A. B: The active site of Bi-bound NDM-1 with the anomalous density peak of Bi shown in purple mesh contoured at

15.0c. C: The active site of native Zn-bound NDM-1 with two Zn(II) ions shown as gray spheres and the bridging

hydroxyl nucleophile as a red sphere. D: An overlay image comparing the relative position of Bi(IIl) (purple sphere) with

the two Zn(II) ions (gray spheres). Bi(Ill) is located in between the two Zn( 1) ions slightly closer to Znl1.
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Figure 15.
6dla); B: NDM-1 and compound 6 (PDB No. 6d1d).

Complex structure of NDM-1 with compound 1 & compound 6. A: NDM-1 and compound 1 (PDB No.

http://journals.im.ac.cn/actamicrocn



52

Can Cui et al. | Acta Microbiologica Sinica, 2021, 61(1)

Ak, X e SR S p-
e TG A 45 5 AR R DAOTRT IAS R S538, BEFE P
B K R TR A0, ER S v DA A S 4
X%, KPC-2, NDMI1 #l VIM-2 f3& M2 1Y
FASCPESE . 1 e A2 G FRAE B S Rl o [R) B
AT NDM-1 B9 I dr 2 e KPC-2 54
VIM-2 55 10 5L B, XK, BEE XA 5P
HH BB TGN, 8 Tk
GG AL ST AR 2 B S . B
HT T3 LE R IR SR AR LY, PRI A% 0 ik fi
TR 6 S B B U X B 7 B 0 i 0 o
WA HTE
3.4 UMESRBUEEEY)

I A A LT P A 5 ) (CINGHL) B 335 400 i 42
& Torelli 147V PREY , DUME (tetrazoles) & —Fh 2% FR
EYI(E 16-C), A — DA FICER, AL
VER R BR TR B AR W) 7S5 HE A, AR A8 B ok
% 11 21K (Angiotensin type 2 receptor, AT2 receptor)

16.
Composite crystal structure of compound 7 with kpc-2 and NDM-1. A: KPC-2; B: NDM-1, black dotted line
indicates hydrogen bond or coordination bond with metal ion; C: tetrazoles structure.

Figure 16.
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Abstract: In the past decade, metallo-B-lactamases, represented by New Delhi metallo-B-lactamases (NDM-1),
have been widely spread around the world, threatening public health and safety. Especially in recent years, the
emergence of mutants of these enzymes has caused more complex and difficult challenges to human health. At
present, there is still a lack of effective treatment drugs and means. The key to solve this problem is to develop
effective broad-spectrum inhibitors of the enzyme. Therefore, we review the three-dimensional structure analysis of
NDM-1 and its related inhibitor complexes, to give some inspiration and to help relevant researchers from the

perspective of biological mechanism research.
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