An antimicrobial peptide as a potential therapy for bacterial

pneumonia that alleviates antimicrobial resistance

Chao Zhong %!, Yongtao He' !, Jing Zou !, Luyang Gao !, Jiahui Wang !, Jingyi Zhu

!, Wenjing Xue !, Sanhu Gou !, Yun Zhang !, Hui Liu !, Jingman Ni 23 *

! Institute of Pharmaceutics, School of Pharmacy, Key Laboratory of Preclinical Study
for New Drugs of Gansu Province, School of Basic Medical Sciences, and Research
Unit of Peptide Science, Chinese Academy of Medical Sciences, 2019RU066, Lanzhou
University, Lanzhou, 730000, PR China

2 State Key Laboratory of Bioactive Molecules and Druggability Assessment, Jinan
University, Guangzhou 510632, P. R. China

3 State Key Laboratory of Quality Research in Chinese Medicine, Macau University of

Science and Technology, Avenida Wai Long, Taipa, Macao 999078, China

* Corresponding Author: Jingman Ni, Email: nijm@]lzu.edu.cn

I These authors contributed equally to this work: Chao Zhong, Yongtao He.



Supplementary Figures
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Supplementary Fig. 1 The synthetic scheme of AMP 1003 and the amino acid structure used
in the synthesis process. All amino acids are in the D-configuration unless otherwise specified.
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Supplementary Fig. 2 a Purity of AMP 1003 analyzed by RP-HPLC on a C18 column using a
gradient of buffer B (0.1% TFA in CH3CN/H,0 95:5 v/v) in buffer A (0.1 %TFA in CH;CN/H,O
5:95 v/v) for 30 min with a flow rate of 1.0 mL/min. b Mass spectrum of AMP 1003 determined

50% TFE

by EI-MS.
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Supplementary Fig. 3 Circular dichroism (CD) spectrum of AMP 1003 in H,O or 50% TFE.
The mean residual ellipticity was employing by the formula: Om = (b * 1000) / (c x 1 X n).

Where 6y is the residue ellipticity (deg-cm?-dmol™), 6as is the observed ellipticity corrected

for the buffer at a given wavelength (mdeg), c is the peptide concentration (mM), | is the path

length (mm), and n is the number of amino acids.
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Supplementary Fig. 4 a-b Antimicrobial activity of AMP 1003 against standard and clinical

isolates of multidrug-resistant MRSA (a) or K. pneumoniae (b), represented by minimum
inhibitory concentration (MIC (mg/L)).
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Supplementary Fig. 5 a MICs (uM or mg/L) of AMP 1003 and (WRK)4 against standard
bacteria. b MICs (uM or mg/L) of AMP 1003 and antibiotics against clinically isolated
multidrug-resistant bacteria.
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Supplementary Fig. 6 a and b Killing kinetics of vancomycin against MRSA ATCC 33591 (a)
and MRSA MDR2 (b). ¢ and d Killing kinetics of polymyxin B against K. pneumoniae ATCC
700603 (c) and K. preumoniae MDRS (d), n = 3 independent replicates. Data are presented as
mean values + SD. Data points show the median, and the error bars indicate the range.
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Supplementary Fig. 7 Selectivity index (SI) of AMP 1003 towards blood cells, BV-2 cells,
RAW 264.7 cells and HK-2 cells.
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Supplementary Fig. 8 Cytotoxicity of polymyxin B for HK-2 cells. n = 3 independent
replicates. Data are presented as mean values + SD. Data points show the individual values,
the central line represents the median, and the error bars indicate the range.
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Supplementary Fig. 9 a The bacterial survival rate of AMP 1003 and (WRK)4 against MRSA
ATCC 33591 is detected after incubation with different concentrations of trypsin for 6 h, n=3
independent replicates. Data are presented as mean values + SD. Data points show the
individual values, the central line represents the median, and the error bars indicate the range.
b MICs of (WRK)4 against K. pneumoniae ATCC 700603 and MRSA ATCC 33591 after
incubation with different concentrations of trypsin, chymotrypsin or pepsin for 6 h.
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Supplementary Fig. 10 a The changes in MIC values of AMP 1003 and antibiotics against
MRSA ATCC 33591 after treating with 1003 or antibiotics continuously at 1/2 x MIC for 14
passages compared to that for 0 passage. b The changes in MIC values of AMP 1003 and



antibiotics against K. pneumoniae ATCC 700603 after treating with 1003 or antibiotics
continuously at 1/2 x MIC for 14 passages compared to that for 0 passage.
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Supplementary Fig. 11 a and b The MIC values of AMP 1003 against the final-generation
MRSA ATCC 33591 (a) and K. pneumoniae ATCC 700603 (b) after treating with 1003 or
antibiotics continuously at 1/2 x MIC for 14 passages. ¢ and d The changes in MIC values of
AMP 1003 and antibiotics against the final-generation MRS4 ATCC 33591 (¢) and K.
pneumoniae ATCC 700603 (d) after treating with 1003 continuously at 1/2 x MIC for 14
passages compared to that for 0 passage. e The FICIs of AMP 1003 in combination with
antibiotics against the obtained resistant MRSA ATCC 33591 and K. pneumoniae ATCC 700603.
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Supplementary Fig. 12 a-j Chemical sensitizations of AMP 1003 to gentamicin(a), imipenem
(b), minocycline (c¢), tobramycin (d), levofloxacin (e), piperacillin (f), polymyxin B (g),
meropenem (h), ceftazidime (i), or ciprofloxacin (j) against MRSA ATCC 33591, n = 3
independent replicates. Data are presented as mean values + SD. Data points show the
individual values, the central line represents the median, and the error bars indicate the range.
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Supplementary Fig. 13 a-j Chemical sensitizations of AMP 1003 to piperacillin (a),
gentamicin (b), imipenem (c), minocycline (d), ceftazidime (e), tobramycin (f), ciprofloxacin
(g), levofloxacin (h), meropenem (i), or polymyxin B (j) against MRSA MDR2, n = 3
independent replicates. Data are presented as mean values + SD. Data points show the

individual values, the central line represents the median, and the error bars indicate the range.
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Supplementary Fig. 14 a-e Chemical sensitizations of AMP 1003 to ceftazidime (a),
gentamicin (b), tobramycin (¢), vancomycin (d) or piperacillin (e) against K. pneumoniae
ATCC 700603, n = 3 independent replicates. Data are presented as mean values + SD. Data
points show the individual values, the central line represents the median, and the error bars

indicate the range.
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Supplementary Fig. 15 a-j Chemical sensitizations of AMP 1003 to piperacillin (a),
tigecycline (b), meropenem (¢), ciprofloxacin (d), polymyxin B (e), vancomycin (f),
ceftazidime (g), imipenem (h), levofloxacin (i), or minocycline (j) against K. pneumoniae
MDRS, n = 3 independent replicates. Data are presented as mean values + SD. Data points
show the individual values, the central line represents the median, and the error bars indicate
the range.
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Supplementary Fig. 16 a-h Chemical sensitizations of AMP 1003 to ciprofloxacin (a),
ceftazidime (b), imipenem (c), or minocycline (d) against the obtained resistant MRSA ATCC
33591; Chemical sensitizations of AMP 1003 to ciprofloxacin (e), ceftazidime (f), imipenem
(g), or minocycline (h) against the obtained resistant K. pneumoniae ATCC 700603, n = 3



independent replicates. Data are presented as mean values + SD. Data points show the

individual values, the central line represents the median, and the error bars indicate the range.
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Supplementary Fig. 17 a-d Killing kinetics of AMP 1003 against MRS4 ATCC 33591 persister
cells escaped treatment with 10 x MIC of ceftazidime (a) or vancomycin (b); Killing kinetics
of AMP 1003 against K. pneumoniae ATCC 700603 persister cells escaped treatment with 10
x MIC concentrations of ceftazidime (¢) or polymyxin B (d), n = 3 independent replicates. Data

are presented as mean values + SD. Data points show the median, and the error bars indicate
the range.
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Supplementary Fig. 18 a-b The biofilm inhibition activities of AMP 1003 (a), vancomycin
(b), and ciprofloxacin (¢) against MRSA ATCC 33591, n = 3 independent replicates. Data are
presented as mean values + SD. Data points show the individual values, the central line
represents the median, and the error bars indicate the range.
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Supplementary Fig. 19 a Cytoplasmic membrane electrical potential of K. preumoniae ATCC
700603 treated with polymyxin B at 2 x MIC, 1 x MIC and 1/2 x MIC concentrations. b
Cytoplasmic membrane electrical potential of MRS4 ATCC 33591 treated with vancomycin at
2 x MIC, 1 x MIC and 1/2 x MIC concentrations, n = 3 independent replicates. Data are
presented as mean values + SD. Data points show the median, and the error bars indicate the

range.
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Supplementary Fig. 20 a ROS accumulation of MRS4 ATCC 33591 treated with vancomycin.
b ROS accumulation of K. pneumoniae ATCC 700603 treated with polymyxin B, n = 3
independent replicates. Data are presented as mean values + SD. Data points show the
individual values, the central line represents the median, and the error bars indicate the range.

Statistical analysis: two-tailed #-test.
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Supplementary Fig. 21 a and b Nucleic acid and protein leak of MRSA ATCC 33591 treated
with vancomycin. ¢ and d Nucleic acids and proteins leak from K. pneumoniae ATCC 700603
treated with polymyxin B, n = 3 independent replicates. Data are presented as mean values +

SD. Data points show the median, and the error bars indicate the range.
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Supplementary Fig. 22 Differently expressed genes of MRSA ATCC 33591 under treatment
with AMP 1003 at 4 x MIC and 2 x MIC concentrations vs. control. n = 3 biological replicates.
Data are presented as means.

Aldo/keto reductase

Common pilus major fimbrillin subunit EcpA
Flavocytochrome ¢

Nickel ABC transporter permease subunit NikB
SDR family oxidoreductase

Sulfur carrier protein ThiS

Urease subunit gamma

DUF2554 family protein

DUF2732 family protein

Formate hydrogenlyase maturation HycH family protein
Type B 508 ribosomal protein L31

T T
4xMIC 2xMIC 4 2 0 2 4

Log,FoldChange

Supplementary Fig. 23 Differently expressed genes of K. pneumoniae ATCC 700603 under
treatment with AMP 1003 at 4 x MIC and 2 x MIC concentrations vs. control. n = 3 biological
replicates. Data are presented as means.
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Supplementary Fig. 24 a and b Pathological sections stained by H&E of the liver in the MRSA
ATCC 33591-infected (a) or K. preumoniae ATCC 700603-infected (a) pneumonia model
treated with saline, AMP 1003 (5 mg/kg or 10 mg/kg), Van (5 mg/kg) or Pob (5 mg/kg). Van
stands for vancomycin. Pob stands for polymyxin B. n = 3. Scale bar: 100%: 200 pm, 200x: 100
pm, 400%: 50 pm.
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Supplementary Fig. 25 The abnormal behavior and survival of mice administered with AMP

1003 or polymyxin B for 7 days. Each circle represents one mouse, and the toxicity score was

indicated by different circle shading as outlined in the legend.
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Supplementary Fig. 26 a Survival curves of mice treated with a single intraperitoneal injection
of polymyxin B at 20 mg/kg, 30 mg/kg or 40 mg/kg. n = 8 mice per group. b The weight
changes of mice administered with polymyxin B at a dose of 20 mg/kg for 7 days, n = 8 mice
per group. Data are presented as mean values + SD. Data points show the median, and the error
bars indicate the range. ¢-f Blood biochemical analysis (ALT (¢), AST (d), BUN (e), CREA (f))
of mice at 7 days post-treatment with polymyxin B at a dose of 20 mg/kg, n = 8 mice per group.
Data are presented as mean values + SD. Data points show the individual values, the central
line represents the median, and the error bars indicate the range. Statistical analysis: two-tailed
t-test. g Pathological sections stained by H&E of the heart, liver, spleen, lung, and kidney of
the mice at 7 days after the single dose of intravenous injection with polymyxin B at a dose of
20 mg/kg, 30 mg/kg or 40 mg/kg. n = 3 mice per group. Scale bar: 100 um. h Organ index of
the mice at 7 days after the single intravenous injection dose with polymyxin B at 20 mg/kg, n
= 8 mice per group. Data are presented as mean values + SD. Data points show the individual
values, the central line represents the median, and the error bars indicate the range. Statistical
analysis: two-tailed 7-test.
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Supplementary Fig. 27 Pathological sections stained by H&E of the heart, liver, spleen, lung,
and kidney of the mice died after a single dose of intravenous injection with AMP 1003 at a
dose of 40 mg/kg. n = 3 mice per group. Scale bar: 100 um.



Serum b Serum c Serum
100~ P=07842 100+ P=04115 180- P =07627
= 80 P =0.5090 _EI 80 P = 0.4539 - P = 0.5060
4 [P=01039 £ 1 [p-oores| .
E — E) F 0.916€ é 120_ P =0.23356
2 60+ ~ 60+ S
£ o £
|
40+ E 404 A
) g £ 604
Z 20- 5 204 S
8
0 < ] ] 1 O { T T T O ] ] 1 1
"y
& & 80 SR & & ° 80
S o ot P o o S o o
& &P & & oF & & oF
AN AN NS\ R
d Urine e Urine f Urine
80- P = 06359 __80- P = 06672 150+ P=07298
~ P =01986 = P =02773 ~ P = 0.0509
60 = S 604 = =
%) P =0.1968 2 P =02118 %) 1004 |B=01505
c c
S 401 © 401 =
) B £ 50-
8
0 1 1 1 1 O { 1 1 1 O < 1 1 1
P S F S P S
e el ) s MR Aot
rbf (bf Q’ # rb/ \0’ r'b/ rb/ \0’
NN AN AN

Supplementary Fig. 28 a-f The NGAL (a and d), Cystatin C (b and e) or Kim-1 (¢ and f) level
in the serum or urine of mice at 7 days post-treatment with a single intraperitoneal injection of
AMP 1003 at a dose of 20 mg/kg or 30 mg/kg and polymyxin B at 20 mg/kg, n = 8 mice per
group. Data are presented as mean values + SD. Data points show the individual values, the

central line represents the median, and the error bars indicate the range. Statistical analysis:
two-tailed z-test.
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Supplementary Fig. 29 a-c The Cystatin C (a), Lipocalin 2 (b), Havcrl (¢) mRNA level in
kidney of mice at 7 days post-treatment with a single intraperitoneal injection of AMP 1003 at
a dose of 20 mg/kg or 30 mg/kg and polymyxin B at 20 mg/kg, n = 8 mice per group. Data are
presented as mean values = SD. Data points show the individual values, the central line
represents the median, and the error bars indicate the range. Statistical analysis: two-tailed ¢-
test.
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Supplementary Fig. 30 a Representative (H&E) stained renal sections of mice at 7 days post-
treatment with a single intraperitoneal injection of AMP 1003 at a dose of 20 mg/kg or 30 mg/kg
and polymyxin B at 20 mg/kg. n = 3 mice per group. Scale bar: 20 um. b Mean tubular injury
scores of ten randomly chosen high-power fields in kidney sections of mice at 7 days post-
treatment with a single intraperitoneal injection of AMP 1003 at doses of 20 mg/kg or 30 mg/kg
and polymyxin B at 20 mg/kg, n = 3 mice per group. Data are presented as mean values + SD.
Data points show the individual values, the central line represents the median, and the error
bars indicate the range. Statistical analysis: two-tailed #-test.
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Supplementary Fig. 31 Standard curve of fluorescamine.

Supplementary Tables

Supplementary Table 1: The primer for the RT-qPCR.

Gene name

Forward oligonucleotide (5°-3”)

Reverse oligonucleotide (5°-3”)

Tnf-a
iNOS
1l-1p

1-17

1l-12

1l-18
Cds6
Mcpl
Cystatin C
Haverl
Lipocalin 2

S-actin

CGTCAGCCGATTTGCTATCT

CCCTTCCGAAGTTTCTGGCAGCAGC

GAGAGCCGGGTGACAGTATC
CTCCTGCTTCTAGGCTGGTTG
GTGGACCAAACAATCTGACCTG
AGACTACTTCCTGAGCACAAGA
CTGGACTCTACGACTTCACAATG
TTAAAAACCTGGATCGGAACCAA
TGGTGAGAGCTCGTAAGCAG
GTTAAACCAGAGATTCCCACACG
GACTTCCGGAGCGATCAGTT

CAGGATGCAGAAGGAGATTAC

CGGACTCCGCAAAGTCTAAG

GGCTGTCAGAGCCTCGTGGCTTTGG

TGACAAACTTCTGCCTGACG
CCACCTGGCACTTCGAGTTAG
AACACGGACTATGAACCTGGA
TGTCCTTACCAATGGTTCTCACT
AGTTGGCGATCACTGACAGTT
GCATTAGCTTCAGATTTACGGGT
CATCAGATGGGGCTGGTCAT
TCTCATGGGGACAAAATGTAGTG
CTGATCCAGTAGCGACAGCC

AACGCAGCTCAGTAACAGTC




