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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Tigecycline (TIG)-resistant Klebsiella pneumoniae is difficult to treat. The authors developed calcium
phosphate (Cap) nanorods consisting of S-thanatin peptide (Ts)-conjugated tocopheryl polyethylene
glycol succinate (TPGS) to encapsulate TIG, and applied the final product, Ts-TPGS/Cap/TIG (TTCT), to
overcome therapy resistance. They described preparation and characterization of the drug delivery
system, evaluated antibacterial activity in vitro and in vivo, explored mechanism of drug action, and
assessed potential toxicity from TTCT. While the antibacterial activity seems convincing, the work lacks
details and proper controls in key studies are missing.

1. There is no experiment to properly assign the roles from individual components in the nanorods on
drug action. How are nanorods transported to the target organ? Are they internalized by cells in the
lung? Which efflux pump is inhibited (AcrAB, OgxAB, or ramA)? By free TPGS, or free Ts-TPGS, or Ts-
TPGS in nanorods?

2. Fig. 1. There are red circles and squares, but no text to explain them in the figure legend.

3. Fig 2. Over 50% drug molecules got released within the first hour in the in vitro drug release test (Fig.
2G). The result indicates that the majority of drug molecules will be released before the nanorods get
accumulated in the lung. Do nanorods disassemble in circulation? This seems to be a design defect. In
addition, there is no scale bar in Fig. 2D.

4. Fig. 4A-D. A non-targeting peptide-conjugated TPGS/Cap should serve as a proper control.

5. Fig. 4E. EB accumulation served as an indicator for drug accumulation. Is EB subjected to the same
efflux pump(s) as TIG?

6. Fig. 7. Very fuzzy PET-CT images.

Reviewer #2 (Remarks to the Author):

The work titled “TPGS-based and S-thanatin functionalized nanorods for overcoming drug resistance in
Klebsiella pneumonia” showed as the use combined of Ts-TPGS/Cap nanocarrier produce targeted
accumulation in bacteria of tigecycline and exhibited antibacterial capacity both in vitro and in vivo. The
obtained TIG-loaded Ts-TPGS/Cap nanorods (TTCT) could enhance tigecycline accumulation in bacteria



via an inhibitory effect on efflux pumps and the targeting capacity to bacteria, thereby showing
excellent antibacterial effects and overcoming the drug resistance of TRKP.

The work is very interesting but | have the following considerations to take in account the authors:

Major considerations

The study shows important results in relation a in vitro e in vivo experiments but must carry out more
experiments about microbiology field to confirm the conclusion of the accumulation of tigecycline in the
bacteria by inhibition of the efflux pumps through Ts-TPGS/Cap nanocarrier.

The authors must analyze the protein expression of the efflux pumps and the putative mechanisms of
activity synergy by checkerboard assays (to calculate fractional inhibitory concentration index [FICI]) and
Optical densities growth curves.

Moreover, the inhibitors of the efflux pumps could produce heteroresistance or resistance mechanisms
associated to mutations in regulatory genes. It must be analyzed due to Ts-TPGS/Cap nanocarrier could
not to success in the treatment of patients.

Minor considerations

-To improve the quality of the Abstract Figure

-To analyze the results in clinical strains with mechanisms of resistance involve the overexpression of the
efflux pumps

-To study the results in clinical strains tigecycline-resistant by overexpression of the efflux pumps.



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Tigecycline (TIG)-resistant Klebsiella pneumoniae is difficult to treat. The authors
developed calcium phosphate (Cap) nanorods consisting of S-thanatin peptide
(Ts)-conjugated tocopheryl polyethylene glycol succinate (TPGS) to encapsulate TIG,
and applied the final product, Ts-TPGS/Cap/TIG (TTCT), to overcome therapy
resistance. They described preparation and characterization of the drug delivery
system, evaluated antibacterial activity in vitro and in vivo, explored mechanism of
drug action, and assessed potential toxicity from TTCT. While the antibacterial
activity seems convincing, the work lacks details and proper controls in key studies
are missing.

1. There is no experiment to properly assign the roles from individual components in
the nanorods on drug action. How are nanorods transported to the target organ? Are
they internalized by cells in the lung? Which efflux pump is inhibited (AcrAB,
OgxAB, or ramA)? By free TPGS, or free Ts-TPGS, or Ts-TPGS in nanorods?
Response: Thanks so much for your comment.

Firstly, the roles of the individual components are listed as following: (1) Calcium
phosphate nanoparticles (Cap) were used as drug carriers for TIG encapsulation and
nanodrug delivery system preparation. (2) The stability of Cap was quite poor *, and
TPGS was served as the stabilizer to improve the stability of Cap. As shown in
Fig.2E-G, TPGS modified nanoparticles demonstrated excellent stability in both
water and 10% fetal bovine serum (FBS)-containing PBS at pH 7.4. As previously
reported, the small particle size of the nanodrug delivery system was beneficial for
penetrating the cell walls 2. The particle size of the drug delivery system was ~25 nm
(Fig. 2B), showing good bacterial penetrating activity (shown in Fig.4A). Additionally,
TPGS could exert inhibitory effects on efflux pumps. Data in Fig.4E-F confirmed the
inhibitory capacity of TPGS on activity of efflux pumps. Data in supplementary Fig.1
displayed the inhibitory effect of TPGS on expression levels of tigecycline-resistance
related genes AcrA, AcrB and ramA. (3) S-thanatin (Ts) peptide is a short
antimicrobial peptide that exhibits lipopolysaccharide (LPS) binding affinity. It acted



as a targeting peptide to increase the bacterial uptake and exerted synergy
antibacterial activity with tigecycline. The results in Fig.4A-D confirmed its targeting
capacity in vitro and the bio-distribution of Ts modified nanorods confirmed the
targeting efficiency in vivo (Fig.5). Ts peptide demonstrated synergy antibacterial
activity with tigecycline on TRKP (FICI = 0.325), and additive antibacterial activity
on KPN (FICI = 0.75) (supplementary Table 1). The roles of the individual
components in the nanorods have been clarified in the “Results” section of the revised
manuscript.

Secondly, pneumonia may evoke disruption of pulmonary endothelial barrier
integrity 2, and the vascular permeability may be significantly increased at the sites of
bacterial infection *. It has been reported that the enhanced permeability and retention
(EPR) effect might operate to deliver nanoparticles to bacterial-infected tissues °. We
speculated that the nanorods we prepared might be distributed into the infected lung
via EPR effect after intravenous administration. Then the nanorods could be
internalized by vascular endothelial cells (Data in supplementary Fig.2 demonstrated
that the nanorods had excellent cellular internalization capacity) and be transported
across the blood vessel. The binding affinity between Ts and LPS promoted the

accumulation of Ts-functionalized nanorods in the infected lung (show in Fig.5).
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Supplementary Fig.2 Fluorescence images of EA.hy926 cells after incubation with
NT-TPGS/Cap and Ts-TPGS/Cap nanorods. The cells were labeled with DAPI (blue),



and the green fluorescence signal indicated the nanorods. Scale bar = 50 um.

Thirdly, the mechanism of tigecycline resistance in TRKP is related to the high
expression of RND-type efflux pump genes (AcrAB and OgxAB) and upstream
binding site (ramA) °. The expression levels of AcrA, AcrB and ramA genes were
investigated by real-time reverse transcription-PCR (real-time RT-PCR) as you
suggested. KPN and TRKP harvested in the mid-exponential growth phase were
incubated with TPGS, Ts, Ts-TPGS and Ts-TPGS/Cap nanorods, respectively. As
shown in supplementary Fig.1, expression levels of AcrA, AcrB, ramA were
up-regulated significantly compared with those in KPN. Intervenation of TPGS, Ts,
Ts-TPGS and Ts-TPGS/Cap obviously down-regulated the expression levels. It is
worth mentioning that Ts treatment also down-regulated the expression levels of
efflux pumps, and we speculated that the phenomenon was associated with the Ts
activity on the outer membrane of the bacteria " 8. Ts-TPGS and Ts-TPGS/Cap
nanorods exhibited the strongest efficiency in decreasing the expression levels of
efflux pump genes, which could be explained by combinational suppression capacity
of TPGS and Ts. Based on these results, we confirmed that TPGS had an inhibitory
effect on the activity and expression levels of efflux pumps of TRKP. The results were

consistent with those reported previously °.
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Supplementary Fig.1 The inhibitory effect of TPGS on efflux pumps. The expression
levels of (A) AcrA, (B) AcrB and (C) ramA of TPGS, Ts, Ts-TPGS and Ts-TPGS/Cap
nanorods treated TRKP by RT-PCR method. KPN and TRKP without any treatments
were used as control. The error presents the standard deviation from the mean.



In addition, the expression levels of OgxA and OgxB were evaluated by real-time
RT-PCR as well. No significant difference was observed between KPN and TRKP
(data not shown). Thus, we speculated that OgxAB was possibly not related to the

mechanisms of tigecycline resistance on the TRKP strain we used.

2. Fig. 1. There are red circles and squares, but no text to explain them in the figure
legend.

Response: Thanks so much for your comment, and we were so sorry about the
missing information. The red circles represented the characteristic peaks of the
structure displayed in red squares. The figure legend of Fig.1 has been revised and the

corresponding content has been added in the manuscript.

3. Fig 2. Over 50% drug molecules got released within the first hour in the in vitro
drug release test (Fig. 2G). The result indicates that the majority of drug molecules
will be released before the nanorods get accumulated in the lung. Do nanorods
disassemble in circulation? This seems to be a design defect. In addition, there is no
scale bar in Fig. 2D.

Response: Thanks so much for your comment.

Firstly, the drug release curves of TCT and TTCT were performed in PBS (pH =
7.4) and the amount of the release medium satisfied the sink condition. Secondly, the
release media were totally replaced with fresh buffer solution at predetermined time
points. As we know, sink condition was difficulty to meet in vivo. Drug diffusion
from nanoparticles would be slowed as concentration difference gets smaller.
Additionally, there were many interfering factors of drug release in vivo, such as the
protein levels. So, the release behavior confirmed the fact that the prepared nanodrug
delivery systems had sustained drug release behavior compared with that of free drug,
and Ts modification did not affect the drug release behavior.

In order to better simulate the drug release condition in vivo, the in vitro drug
release behavior of the TTCT nanorods was evaluated by the dialysis method in 10%

fetal bovine serum (FBS)-containing PBS at pH 7.4. The drug concentration and the



volume of the nanorods were consistent with those used in pharmacodynamic
evaluation. At predetermined time points, 0.1 mL medium was collected and replaced
with fresh buffer solution. Then, the drug concentration was detected by HPLC-MS.
The results in revised Fig.2H displayed that ~30% drug molecules got released within

the first hour. The accumulative release reached to ~50% at 8 h.
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Fig.2H In vitro drug release profiles of TCT and TTCT in 10% fetal bovine serum

(FBS)-containing PBS at pH 7.4 and 37 °C. Data are expressed as the mean + SD
with n = 3 for each group.

Then, the stability of the nanorods in circulation were evaluated by the changes in
particle sizes and PDI after incubation with PBS + 10% FBS. The data in Fig.2G
demonstrated that the particle size and PDI remained almost constant with small

changes within 24 h, indicating that TCT and TTCT would not disassemble in

circulation.
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Fig.2G Changes in particle size and PDI of TCT and TTCT in 10% fetal bovine
serum (FBS)-containing PBS. Data are expressed as the mean + SD with n = 3 for
each group.

Scale bar in Fig. 2D has been added in the revised manuscript.

4. Fig. 4A-D. A non-targeting peptide-conjugated TPGS/Cap should serve as a proper
control.

Response: Thank you so much for your constructive suggestion. Thanatin
(GSKKPVPIITYCNRRTGKCQRM) is an inducible 21-residue insect peptide with a
disulfide bond between Cysll and Cys18 '* . Thanatin is characterized by a
B-hairpin structure in its C-terminal region, which is considered integral for its
activity'?. It was reported that the B-hairpin structure is stabilized by the disulfide
bond *, and an analog of thanatin with the two Cys residues replaced by Ala was
found to be largely inactive', indicating that the disulfide bond is important for
antibacterial activity. Considering this, an analog of Ts peptide with two Cys residues
replaced by Ala (GSKKPVPII'YANRRSGKAQRM) was synthesized and served as
the non-targeting peptide. The non-targeting peptide-conjugated TPGS/Cap
(NT-TPGS/Cap) was prepared according to the preparation process of Ts-TPGS/Cap.
The in vitro targeting efficiency of Ts-TPGS/Cap nanorods was reevaluated. The

results were displayed in Fig.4A-D in the revised manuscript.



As shown in Fig. 4A, both NT-TPGS/Cap and Ts-TPGS/Cap nanorods displayed a
gradual increase in the intro-bacteria fluorescent signal with a prolonged incubation
time. Ts-TPGS/Cap nanorods displayed stronger bacterial internalization capacity
than NT-TPGS/Cap nanorods in both KPN and TRKP at 2 and 6 h. The results were
consistent with those obtained by flow cytometry (Fig. 4B and 4C). The fluorescent
signals in KPN after incubation with Ts-TPGS/Cap nanorods were ~2-fold greater
than those of NT-TPGS/Cap nanorods at both 2 h and 6 h (Fig. 4D). For TRKP,
similar results were observed, suggesting that Ts-TPGS/Cap nanorods exhibited better
bacterial internalization activity, which was possibly attributed to the targeting moiety

Ts peptide.
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Fig. 4 Investigation of the mechanisms by which TTCT overcomes drug
resistance.

(A) Fluorescence images of KPN and TRKP after 2 h and 6 h of incubation with
NT-TPGS/Cap and Ts-TPGS/Cap nanorods. The bacteria were labeled with DAPI
(blue), and the green fluorescence signal indicated the nanorods. Scale bar = 20 um.
Fluorescence within KPN (B) and TRKP (C) detected by flow cytometry after
incubation with NT-TPGS/Cap and Ts-TPGS/Cap. (D) Quantitative analysis of
fluorescence inside KPN and TRKP after coculture with nanorods. *, p < 0.05
indicates a significant difference existed between groups. Data are expressed as the
mean £ SD (n = 3). (E) Confocal fluorescent images of TRKP after exposure to EB



for 4 h, following pretreatment with TPGS and CCCP. Scale bar = 10 um. (F)
Quantitative analysis of the increase in EB accumulation compared with the negative
control groups (n = 3). (G) TIG concentration detected by HPLC-MS inside KPN and
TRKP after incubation with TIG-containing preparations (n = 5). *, p < 0.05 indicates
a significant difference between groups. Data are expressed as the mean + SD.

5. Fig. 4E. EB accumulation served as an indicator for drug accumulation. Is EB
subjected to the same efflux pump(s) as TIG?

Response: Thanks so much for your comment. The most common mechanism of
tigecycline  resistance is the overproduction of non-specific active
resistance-nodulation-cell division (RND) efflux pumps such as AcrAB-TolC and
OgxAB . RND family is a powerful efflux system with a broad spectrum of drug
specificity *°. Ethidium bromide (EB) is an efficient and common substrate for RND

multidrug transporters as well.”

As a fluorescent substrate of RND pumps, EB
diffuses passively through the bacterial membrane and becomes strongly fluorescent
after its irreversible binding to nucleic acids. In the absence of efflux transporters, EB
enters cells and accumulates within them via its intercalation into DNA. When active
efflux transporters are expressed, fluorescence is suppressed'®. Therefore, EB has
been extensively used as a probe to evaluate the efflux activity of bacterial cells > *°. It
was reported that after acrAB-deficient E. coli incubation with EB, the fluorescence
of EB inside-bacteria increased, indicating that EB is subjected to AcrB-AcrA efflux
pump %. Therefore, EB accumulation was served as an indicator for drug

accumulation in our study.

6. Fig. 7. Very fuzzy PET-CT images.
Response: Thanks so much for your comment. We have tried our best to improve the

quality of PET-CT images in the revised manuscript.

Reviewer #2 (Remarks to the Author):
The work titled “TPGS-based and S-thanatin functionalized nanorods for overcoming

drug resistance in Klebsiella pneumonia” showed as the use combined of



Ts-TPGS/Cap nanocarrier produce targeted accumulation in bacteria of tigecycline
and exhibited antibacterial capacity both in vitro and in vivo. The obtained
TIG-loaded Ts-TPGS/Cap nanorods (TTCT) could enhance tigecycline accumulation
in bacteria via an inhibitory effect on efflux pumps and the targeting capacity to
bacteria, thereby showing excellent antibacterial effects and overcoming the drug
resistance of TRKP.

The work is very interesting but | have the following considerations to take in account

the authors:

Major considerations

The study shows important results in relation a in vitro e in vivo experiments but must
carry out more experiments about microbiology field to confirm the conclusion of the
accumulation of tigecycline in the bacteria by inhibition of the efflux pumps through
Ts-TPGS/Cap nanocarrier.

1. The authors must analyze the protein expression of the efflux pumps and the
putative mechanisms of activity synergy by checkerboard assays (to calculate
fractional inhibitory concentration index [FICI]) and Optical densities growth curves.
Response: Thanks so much for your comment.

Firstly, the mechanism of tigecycline resistance in TRKP is related to the high
expression of RND-type efflux pump genes (AcrAB and OgxAB) and upstream
binding site (ramA) °. The expression levels of AcrA, AcrB and ramA genes were
investigated by real-time reverse transcription-PCR (real-time RT-PCR) as you
suggested. KPN and TRKP harvested in the mid-exponential growth phase were
incubated with TPGS, Ts, Ts-TPGS and Ts-TPGS/Cap nanorods, respectively. As
shown in supplementary Fig.1 , expression levels of AcrA, AcrB, ramA were
up-regulated significantly compared with those in KPN. Intervenation of TPGS, Ts,
Ts-TPGS and Ts-TPGS/Cap obviously down-regulated the expression levels. It is
worth mentioning that Ts treatment also down-regulated the expression levels of
efflux pumps, and we speculated that the phenomenon was associated with the Ts

activity on the outer membrane of the bacteria " 8. Ts-TPGS and Ts-TPGS/Cap



nanorods exhibited the strongest efficiency in decreasing the expression levels of
efflux pump genes, which could be explained by combinational suppression capacity
of TPGS and Ts. Based on these results, we confirmed that TPGS had an inhibitory
effect on the activity and expression levels of efflux pumps of TRKP. The results were
consistent with those reported previously °.

Secondly, the interaction between Ts and tigecycline was investigated by the
micro-dilution checkerboard technique according to CLSI guidelines. Briefly, twofold
dilutions of TIG and Ts were prepared. A 96-well microtiter plate was then filled with
50 pL of the appropriate concentrations of TIG solution, and this step repeated with
Ts (total final volume of 0.1 mL). A bacterial suspension containing either KPN or
TRKP was then dispensed into the wells with final bacterial concentration of ~5 x 10*
CFU/mL. The MIC was determined as the lowest concentration of a drug that could
inhibit the growth of microorganism by both visual reading and OD600 determined by
a microtiter plate reader. Following incubation, the synergistic/additive effect was
determined by calculating the fractional inhibitory concentration index according to
the formula: FICI = (MIC of A in combination/MIC of A) + (MIC of B in
combination/MIC of B). The synergy or additive was defined according to standard
criteria (FICI < 0.5 was defined as synergistic; 0.5 < FICI < 1 was defined as additive;
1 < FICI < 4 was defined as indifference; FICI > 4 was defined as antagonism)®. The
results were shown in supplementary Table 1. The data exhibited that the fractional
inhibitory concentration indices between Ts and tigecycline against KPN and TRKP
were 0.75 and 0.375, respectively, indicating that Ts exerted synergistic effect with

tigecycline against TRKP and additive effect with tigecycline against KPN.

Supplementary Table 1. FIC indices against KPN and TRKP

MIC (ug/mL)
Microorganisms Combination FICI Interpretation
Individual Combined
TIG 4 1
TRKP 0.375 synergistic
Ts 16 2

KPN TIG 1 0.5 0.75 additive




Ts 16 4

2. Moreover, the inhibitors of the efflux pumps could produce heteroresistance or
resistance mechanisms associated to mutations in regulatory genes. It must be
analyzed due to Ts-TPGS/Cap nanocarrier could not to success in the treatment of
patients.

Response: Thank you so much for your constructive suggestion.

To address the concern, population analysis profiling (PAP) was used to detect the
heteroresistance of TTCT referring to the method reported previously #. Briefly, 50 ul
of TRKP was suspended in 5 ml Luria-Bertani broth medium and shaken at 185 rpm
at 37°C overnight. Ten-fold serially diluted bacterial suspensions were prepared, and
plated onto MH agar plates with TTCT concentrations in a 2-fold-change gradient
(tigecycline concentration ranging from 1 to 8 ug/mL). After 24 h of incubation at
37°C, the number of colonies formed are counted to determine the frequency of
resistant subpopulation. Tigecycline heteroresistance was defined as a population
containing resistant subpopulations with MICs at least 8-fold higher than the original
strain at frequencies of 10 °to 107 ?* %, In our study, resistant subpopulations were
observed, and the frequency at tigecycline concentration of 8 ug/mL was 2.78 x 107,
indicating the existence of heteroresistance.

To measure the stability of the resistant subpopulation, a single colony from the
plate with tigecycline concentration of 8 ug/mL was selected and serially passaged
without antibiotics for 7 days, then reanalyzed to determine the TTCT MIC #. We
found that the resistance of the subpopulation reverts to susceptibility, indicating that
the heteroresistance was unstable. Similar results also reported that heteroresistance
was often lost after multiple generations in the absence of antibiotic selective pressure
% We speculated that the unstable heteroresistance was possibly related to the fact
that TTCT exerted more than one distinct mechanism and the synergistic antibacterial
activity between Ts and TIG.

Despite of the existence of heteroresistance, our reasearch focused on enhancing



the antibacterial activity of tigecycline, overcoming the tigecycline resistance of
TRKP and achieving effective therapy of pneumonia caused by TRKP. Our results
demonstrated that the TTCT nanorods we constructed could realize significant MIC
reduction from 4 ug/mL to 1 ug/mL on TRKP. Tigecycline is a time-dependent
antimicrobial agent with long post-antibiotic effect (PAE), and its
pharmacokinetics/pharmacodynamics (PK/PD) is assessed by AUC/MIC. The
increase of MIC and the limiting tigecycline dosage were the main reasons for the
poor clinical efficacy . The MIC reduction endow by TTCT would be beneficial for
maximizing the efficacy and minimizing the drug-related adverse events of
tigecycline. The heteroresistance of TTCT would need further investigation in our

future work. Thanks for your valuable and constructive comments.

Minor considerations
-To improve the quality of the Abstract Figure
Response: Thanks so much for your comment. Higher quality of the Abstract Figure

was provided in the revised manuscript.

-To analyze the results in clinical strains with mechanisms of resistance involve the
overexpression of the efflux pumps
Response: Thanks for your valuable comment.

Bacteria resist the effects of antibiotics mainly through the following molecular
mechanisms: modification of the target site, destruction of the antibiotic, antibiotic
efflux via efflux transporters and reduced antibiotic influx through decreasing
membrane permeability %°. Since initial discovery in 1980s, many efflux pumps have
been characterized in pathogens such as Staphylococcus aureus, Enterococcus
faecium, Acinetobacter baumanii, Pseudomonas aeruginosa, and Klebsiella
pneumonia ?’. Overexpression of some efflux pumps can cause clinically relevant
levels of antibiotic resistance in Gram-negative pathogens %%. The content has added

in to the “Introduction” section of the revised manuscript.



-To study the results in clinical strains tigecycline-resistant by overexpression of the
efflux pumps.

Response: Thanks for your constructive suggestion. To date, there are several known
mechanisms associated with tigecycline-resistant Klebsiella pneumonia (TRKP). The
most common mechanism is the overproduction of non-specific active
resistance-nodulation-cell division (RND) efflux pumps such as AcrAB-TolC *°.
Tigecycline MICs of >2 mg/L have been associated with significantly increased ramA
levels 2. It was also reported that tigecycline resistance in most of the CRKP isolates
was associated with increased expression of the efflux pump-encoding acrB gene ©°. A
retrospective study in China displayed that the elevated expression of acrB and ramA
(the regulatory gene of AcrAB-TolC) was found in ~90% of the tigecycline-resistant
isolates clinically ®. The content has added in to the “Introduction” section of the

revised manuscript.
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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Tigecycline (TIG)-resistant Klebsiella pneumoniae is difficult to treat. The authors developed calcium
phosphate (Cap) nanorods consisting of S-thanatin peptide (Ts)-conjugated tocopheryl polyethylene
glycol succinate (TPGS) to encapsulate TIG, and applied the final product, Ts-TPGS/Cap/TIG (TTCT), to
overcome therapy resistance. They described preparation and characterization of the drug delivery
system, evaluated antibacterial activity in vitro and in vivo, explored mechanism of drug action, and
assessed potential toxicity from TTCT. While the antibacterial activity seems convincing, the work lacks
details and proper controls in key studies are missing.

1. There is no experiment to properly assign the roles from individual components in the nanorods on
drug action. How are nanorods transported to the target organ? Are they internalized by cells in the
lung? Which efflux pump is inhibited (AcrAB, OgxAB, or ramA)? By free TPGS, or free Ts-TPGS, or Ts-
TPGS in nanorods?

2. Fig. 1. There are red circles and squares, but no text to explain them in the figure legend.

3. Fig 2. Over 50% drug molecules got released within the first hour in the in vitro drug release test (Fig.
2G). The result indicates that the majority of drug molecules will be released before the nanorods get
accumulated in the lung. Do nanorods disassemble in circulation? This seems to be a design defect. In
addition, there is no scale bar in Fig. 2D.

4. Fig. 4A-D. A non-targeting peptide-conjugated TPGS/Cap should serve as a proper control.

5. Fig. 4E. EB accumulation served as an indicator for drug accumulation. Is EB subjected to the same
efflux pump(s) as TIG?

6. Fig. 7. Very fuzzy PET-CT images.

Reviewer #2 (Remarks to the Author):

The work titled “TPGS-based and S-thanatin functionalized nanorods for overcoming drug resistance in
Klebsiella pneumonia” showed as the use combined of Ts-TPGS/Cap nanocarrier produce targeted
accumulation in bacteria of tigecycline and exhibited antibacterial capacity both in vitro and in vivo. The
obtained TIG-loaded Ts-TPGS/Cap nanorods (TTCT) could enhance tigecycline accumulation in bacteria



via an inhibitory effect on efflux pumps and the targeting capacity to bacteria, thereby showing
excellent antibacterial effects and overcoming the drug resistance of TRKP.

The work is very interesting but | have the following considerations to take in account the authors:

Major considerations

The study shows important results in relation a in vitro e in vivo experiments but must carry out more
experiments about microbiology field to confirm the conclusion of the accumulation of tigecycline in the
bacteria by inhibition of the efflux pumps through Ts-TPGS/Cap nanocarrier.

The authors must analyze the protein expression of the efflux pumps and the putative mechanisms of
activity synergy by checkerboard assays (to calculate fractional inhibitory concentration index [FICI]) and
Optical densities growth curves.

Moreover, the inhibitors of the efflux pumps could produce heteroresistance or resistance mechanisms
associated to mutations in regulatory genes. It must be analyzed due to Ts-TPGS/Cap nanocarrier could
not to success in the treatment of patients.

Minor considerations

-To improve the quality of the Abstract Figure

-To analyze the results in clinical strains with mechanisms of resistance involve the overexpression of the
efflux pumps

-To study the results in clinical strains tigecycline-resistant by overexpression of the efflux pumps.



REVIEWERS COMMENTS
Reviewer #3 (Remarks to the Author):

The authors have followed all comments from reviewers that let it improving the manuscript with
news results.

Response: Thank you very much. We are so delighted to receive your positive comment.

Reviewer #4 (Remarksto the Author):

The reviewer's concerns are properly addressed and the quality of the manuscript is improved
substantially after revision. It is recommended for publication in Nature Communications after the
following issues can be addressed:

1. To improve the reproducibility of the experiments, the authors should provide the source and
No. of the strains, and the bacterial dose for each challenge experiment.

Response: Thanks for you comment. The KPN and TRKP strains we used were clinical isolates and
and kindly provided by State Key Laboratory for Diagnosis and Treatment of Infectious Diseases,
The First Affiliated Hospital, College of Medicine, Zhejiang University (Hangzhou, China). The
source of the strains has been added to the “Materials” section of the revised manuscript. To ensure
consistency of the experiments, we performed the experiments with one strain throughout the
research. The bacterial dose for each challenge experiment has been clarified in the method section.

2. In Figure 4A, the particle size of the nanorods is obviously smaller than 20 um, which is
inconsistent with the results in Figure 2B.

Response: Thanks so much for your comment. The scale bar of Figure 4A was 20 pum, and the
particle size of the nanorods was maintained at ~25 nm (Table 1 and Figure 2B). The displayed data
had different orders of magnitude. Therefore, the results were consistent, and the particle size of the
nanorods (~25 nm) was indeed obviously smaller than 20 um.

3. Please add statistical analysis to Figures 6A, 6B and 61.

Response: Thanks so much for your comment. Log-rank (Mantel-Cox) test was performed in Figure
6A and B, and the results of statistical analysis have been added in the revised manuscript. One-way
analysis of variance (ANOVA) with post hoc Tukey tests were performed for Figure 61, and the
corresponding contents were supplied as supplementary Fig. 3 in the Supplementary information.

4. The authors should discuss whether the TTCT system has advantages against highly virulent
Klebsiella pneumoniae.
Response: Thanks so much for your comment. As reported, similar to classical K. pneumoniae
(cKp), hypervirulent K. pneumoniae (hvKp) strains are becoming increasingly resistant to
antimicrobials via acquisition of mobile elements carrying resistance determinants. When
extensively drug-resistant cKp strains acquire hvKp-specific virulence determinants, new hvKp
strains emerge and result in nosocomial infection '.

Considering the potential severity of hvKp infection and its propensity for metastatic spread,
tigecycline plays important roles in the empirical treatment of carbapenem-resistant hvKp strains.

However, tigecycline resistance has been reported for an cKp strain that evolved into an hvKP strain



via acquisition of a portion of an hvKp virulence plasmid. Overexpression of the efflux pump gene
acrR and its regulatory gene ramA has been demonstrated to be associated with tigecycline

resistance 2

. Based on our data, we speculate that TTCT system still has advantages against
carbapenem-resistant hvKp strains.

For tigecycline-sensitive hvKp, TTCT exerts more than one distinct mechanism and the
synergistic/addition activity between Ts and TIG might reduce the likelihood of bacteria developing
resistance. Tigecycline is a time-dependent antimicrobial agent with long post-antibiotic effect
(PAE), and its pharmacokinetics/pharmacodynamics (PK/PD) is assessed by AUC/MIC. For
tigecycline-resistant hvKp, the increase of MIC and the limiting tigecycline dosage were the main
reasons for the poor clinical efficacy *. The MIC reduction endow by TTCT would be beneficial for
maximizing the efficacy and minimizing the drug-related adverse events of tigecycline.

The corresponding content has been added to the revised manuscript (Line 466-490 )

5. In Figure 6, the author should explain that the bacterial load in BALF was detected instead of
in lung homogenate.
Response: Thanks so much for your comment. Bronchoalveolar lavage fluid (BALF) has been

widely utilized for pathogen identification in pneumonia patients clinically * 5 ¢

and experimental
animals 7. Therefore, BALF was utilized for bacterial colony analysis in our research. This has been
clarified in the method section (Line 714-715) and the legend of Figure 6 (Line 1071) in the revised

manuscript

6. There are some clerical errors in the paper. For example, the name of the group in Figure 3D is
wrong. The "in vivo" and "in vitro" should be italic.

Response: Thanks so much for your comment. We feel so sorry for the mistakes. The name of the
group in Figure 3D has been corrected in the revised manuscript. The "in vivo" and "in vitro" have

been changed to italics in the revised manuscript.
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