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0.854-1.394.62×10-7-2.531Val386Ala
sn-glycerol-3-phosphate 
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Supplementary Table 3. Putative serum genes in the non-HMV-Kp isolate SMKP590



We listed nonsynonymous gene mutations from a hypermutable non-HMV-Kp strain, SMKP590, during 20 days of the serial passage experiments in the
presence of human serum. The listed genes were observed from the integration analysis with TraDIS of SMKP838, which are putative genes that contribute
to serum susceptibility, as shown in Fig. S5. We selected the significantly lower (minus fold) or higher (plus fold) detected genes in either the presence of 4%
or 8% human serum than without human serum by TraDIS (FDRp<0.05). The lower (minus fold) genes are putative bacterial factors increasing serum
resistance levels. Value in Day showed the day occurred the gene mutations during the serial passage experiments in the presence of human serum.
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Extended Data Fig. 1. Molecular epidemiological analysis of respiratory Kp clinical isolates.
Core genome SNP analysis of respiratory Kp clinical isolates. The 84 Kp clinical isolates defined by MALDI
Biotyper consisted of 75 Kp, eight Klebsiella quasipneumoniae, and one Klebsiella variicola as determined by
average nucleotide identity (ANI) analysis. HMV (string test-positive) isolates were classified into several STs
(ST23, ST39, ST65, ST86, ST218, ST268, ST458, ST893, and some novel STs) that possessed the virulence
gene rmpA or rmpA2 (shown in the red square). Among the HMV isolates, ST23, ST65, and ST86 belonged to
major hypervirulent capsular type K1 or K2 and carried an IncHIB-type virulence plasmid (pLVPK) (as shown in
green stars). The inner circle (indicated as 1) shows the serum MIC, and the outer circle (indicated as 2) shows
the mutation frequency. Mutation frequency is not associated with the possession of extended-spectrum beta-
lactamase genes (blaCTX-M; shown in the blue circle), HMV, or capsular type. We added the carbapenem-
resistant Kp strains of ST258 from the NCBI database (as shown in orange) to the references. We found that
the 75 respiratory Kp isolates were genetically diverse in their core genome phylogeny and consisted of multiple
clones.
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Extended Data Fig. 2. Serial passaging experiments in human serum using a non-HMV-Kp.
a, Mutation frequency of a non-HMV Kp strain, SMKP838, and the corresponding mutS-deletion mutant,
SMKP838ΔmutS, as measured by a rifampicin assay. SMKP838ΔmutS has an 824-fold higher mutation
frequency than wild-type. The mean and SEM of three independent experiments are shown. Student’s t test was
used for the statistical analysis. b, Scheme of serial passaging experiments in the presence of human serum.
After the cultivation of SMKP838 and the mutS deletion mutant, we picked the well with the highest serum
concentration in which strains grew (sub-MIC, well with the red circles and black lines) and diluted the culture
with 0.85% NaCl at 100-fold. One microlitre of the dilution was inoculated into 96-well plates that contained 100
µL of MHBII with higher serum concentrations (from the MICs to 68%) and cultured at 37°C for 24 h. This step
was repeated for 20 days (the red circles indicate the wells in which the strains/mutants grew ). Every day, we
measured the serum MIC of each inoculated strain. c, Serial passaging experiments of the parent SMKP838
(wild-type, WT) and the mutS mutant (ΔmutS) in the presence of human serum. The mutS-deficient strain
acquired serum resistance on day 5, whereas the parental strain was sensitive for 20 days. Geometric means
with geometric standard deviations for three independent experiments are indicated. d, Time-killing assay of
human serum at each serum MIC. The assay result was determined at 0 min, 30 min, 1 h, 3 h, 6 h and 24 h. At
some time points, the mutS-deletion mutant (ΔmutS) exhibited a higher number of viable cells than the wild-type
(WT) strain in the presence of human serum. Geometric means with geometric standard deviations for three
independent experiments are indicated. The significance was calculated using Student’s t test, ** p < 0.01 and
**** p < 0.0001. e, Venn diagram of accumulated gene mutations in SMKP838ΔmutS in serial passaging
experiments in the presence of human serum. Each circle shows accumulated gene mutations after 20 days of
the serial passaging experiments for the human SMKP838ΔmutS clone (#1 to #3). In total, 140 gene mutations
were identified after 20 days (vs. the parent strain on day 0).
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ExtendedDataFig.2.Serialpassagingexperimentsinhumanserumusinganon-HMV-Kp.

a,Mutationfrequencyofanon-HMVKpstrain,SMKP838,andthecorrespondingmutS-deletionmutant,

SMKP838ΔmutS,asmeasuredbyarifampicinassay.SMKP838ΔmutShasan824-foldhighermutation
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usedforthestatisticalanalysis.b,Schemeofserialpassagingexperimentsinthepresenceofhumanserum.
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concentrationinwhichstrainsgrew(sub-MIC,wellwiththeredcirclesandblacklines)anddilutedtheculture

with0.85%NaClat100-fold.Onemicrolitreofthedilutionwasinoculatedinto96-wellplatesthatcontained100
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°

Cfor24h.Thisstep
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Extended Data Fig. 3. Serial passaging experiments in the presence of each antimicrobial agent.



a, Serial passaging experiments of SMKP838 (wild-type, WT) and the mutS mutant (ΔmutS) in the presence of
ciprofloxacin (CIP), meropenem (MEM) and amikacin (AMK). The x-axis indicates the number of days of
passaging, and the y-axis indicates each antimicrobial concentration. The genes that are presumed to be
responsible for antimicrobial resistance observed in the strains after passaging culture are listed in the table.
Geometric means with geometric standard deviations for three independent experiments are indicated. The red
dotted line indicates the breakpoint for each antibacterial agent. b, Number of accumulated gene mutations in
SMKP838 and SMKP838ΔmutS. c, Venn diagram showing serum and antimicrobial resistance genes
determined from three independent passaging experiments. d, MICs of each antimicrobial agent after
corresponding antimicrobial agent and serum selective pressure successional culture for CIP, MEM and AMK. e,
Serum MICs of various strains after passaging are shown as a heatmap. Serum selective pressure was
independent of each antimicrobial agent, while some antimicrobial-resistant strains showed increased serum
sensitivity. d and e, The mean of three independent experiments is shown.
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ciprofloxacin(CIP),meropenem(MEM)andamikacin(AMK).Thex-axisindicatesthenumberofdaysof
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Extended Data Fig. 4. TraDIS analysis in serum; SMKP838 was used as the parent strain.
a, The transposon mutant library derived from SMKP838 was inoculated into MHIIB containing or without
(control) human serum (or SPA). After overnight cultivation, the mutant DNA was extracted, and TraDIS analysis
was performed. b, Detected SMKP838 genes interrupted by transposon insertions are shown by heatmap
clustering. Colours (yellow to blue) show the relative number of detected genes without human serum (fold
change). c, Principal component analysis of the detected transposon-inserted SMKP838 genes by TraDIS. The
components of detected genes from control (grey), 4% (green) and 8% human serum (red) conditions are shown.
The elements for SPA were almost identical to those of the control and thus hidden by the grey area. d, The
number of genes detected by TraDIS that were significantly enriched or depleted compared to those of the
control (FDRp <0.05). We detected 620 and 794 transposon-inserted genes that significantly enriched or
depleted in the presence of 4% and 8% serum compared with those in the absence of serum (false discovery
rate p value; FDRp <0.05, with more or less than 2-fold difference vs. plain medium), suggesting that these
genes putatively contribute to serum susceptibility. e, Volcano plots of SMKP838 genomes determined by TraDIS
in the presence of 40 mg/L of SPA (blue), 4% (green), and 8% (red) human serum. The x-axis shows the change
in the abundance of SMKP838 genes compared with that in the control (indicating a log2-fold change). The y-
axis shows the p values of the detected SMKP838 genes compared to the control.
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ExtendedDataFig.4.TraDISanalysisinserum;SMKP838wasusedastheparentstrain.

a,ThetransposonmutantlibraryderivedfromSMKP838wasinoculatedintoMHIIBcontainingorwithout

(control)humanserum(orSPA).Afterovernightcultivation,themutantDNAwasextracted,andTraDISanalysis

wasperformed.b,DetectedSMKP838genesinterruptedbytransposoninsertionsareshownbyheatmap

clustering.Colours(yellowtoblue)showtherelativenumberofdetectedgeneswithouthumanserum(fold

change).c,Principalcomponentanalysisofthedetectedtransposon-insertedSMKP838genesbyTraDIS.The

componentsofdetectedgenesfromcontrol(grey),4%(green)and8%humanserum(red)conditionsareshown.

TheelementsforSPAwerealmostidenticaltothoseofthecontrolandthushiddenbythegreyarea.d,The

numberofgenesdetectedbyTraDISthatweresignificantlyenrichedordepletedcomparedtothoseofthe

control(FDRp<0.05).Wedetected620and794transposon-insertedgenesthatsignificantlyenrichedor

depletedinthepresenceof4%and8%serumcomparedwiththoseintheabsenceofserum(falsediscovery

ratepvalue;FDRp<0.05,withmoreorlessthan2-folddifferencevs.plainmedium),suggestingthatthese

genesputativelycontributetoserumsusceptibility.e,VolcanoplotsofSMKP838genomesdeterminedbyTraDIS

inthepresenceof40mg/LofSPA(blue),4%(green),and8%(red)humanserum.Thex-axisshowsthechange

intheabundanceofSMKP838genescomparedwiththatinthecontrol(indicatingalog2-foldchange).They-

axisshowsthepvaluesofthedetectedSMKP838genescomparedtothecontrol.
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Extended Data Fig. 5. Putative serum resistance genes determined by TraDIS analysis of
SMKP838 as reflected in the passaging experiments of the hypermutable strain SMKP590.
Venn diagram showing the putative serum resistance (or susceptible) genes determined by TraDIS
analysis of SMKP838 and common genes derived from serial passaging experiments of SMKP590 in the
presence of human serum. The listed genes are putative serum resistance genes, as shown in red, and
serum susceptibility genes, in blue. Green and red circles show the number of significantly enriched or
depleted genes in TraDIS for SMKP838 performed in 4% and 8% serum, respectively, as shown in
Extended Data Fig. 4d. The light blue circle shows the number of genes that accumulated mutations
during the serial passaging experiment in the presence of human serum in SMKP590.
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ExtendedDataFig. 5.PutativeserumresistancegenesdeterminedbyTraDISanalysisof

SMKP838asreflectedinthepassagingexperimentsofthehypermutablestrainSMKP590.

Venndiagramshowingtheputativeserumresistance(orsusceptible)genesdeterminedbyTraDIS

analysisofSMKP838andcommongenesderivedfromserialpassagingexperimentsofSMKP590inthe

presenceofhumanserum.Thelistedgenesareputativeserumresistancegenes,asshowninred,and

serumsusceptibilitygenes,inblue.Greenandredcirclesshowthenumberofsignificantlyenrichedor

depletedgenesinTraDISforSMKP838performedin4%and8%serum,respectively,asshownin

ExtendedDataFig.4d.Thelightbluecircleshowsthenumberofgenesthataccumulatedmutations

duringtheserialpassagingexperimentinthepresenceofhumanseruminSMKP590.
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Extended Data Fig. 6. Bacterial growth of evolved hypermutable SMKP838 mutants.
a, Growth rates of mutS-deletion SMKP838 mutants evolved during the serial passaging experiment in the
presence of ciprofloxacin (CIP). We evaluated bacterial growth (after 16 h at 37°C in 0.1 mL of MHBII in
96-well plates at 140 rpm) in three individual mutS-deletion SMKP838 mutants (ΔmutS_CIP1 to
ΔmutS_CIP3). We set the bacterial growth of each mutant on day 0 to 1.0 and showed the results as a
relative rate. b, Bacterial growth curves of ΔmutS_CIP2 mutants on each successive passaging day. c, CIP
and serum susceptibility (MICs) and bacterial growth (after 16 h at 37°C in 0.1 mL of MHBII in 96-well
plates at 140 rpm) detected by optical density (OD600). Among the highly CIP-resistant mutants (CIP ≥ 256
mg/L), we selected two mutants with relatively high [ΔmutS_CIP2 (day 19)] and low [ΔmutS_CIP2 (day 10)]
bacterial growth and subjected them to a mouse infection model (Fig. 4).
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p valueInfection
(bacteremia-) 



Infection
(bacteremia+) Category 



-23468No. of cases
0.89131 (56.0)39 (57.4)Sex (Male)
0.15569.5±15.666.5±14.6Age (Mean ± SD)
0.02530.1±31.741.0±44.6Hospitalization period
0.00011.5±0.72.0±1.2No. of antimicrobial agents used
0.14512.0±20.815.9±15.2Antibacterial drug use period
0.000836 (15.4)24 (35.3)Carbapenem used
0.000116 (6.8)17 (25.0)60-day mortality



<Comorbidities>
0.011155 (66.2)56 (82.4)Total of immunosuppressed patient
0.13145 (19.2)19 (27.9)Diabetes mellitus 
0.0655 (23.5)24 (35.3)Renal failure 



0.47944 (18.8)10 (14.7)Congestive heart failure / vascular 
disease



125 (10.7)7 (10.3)Collagen / Autoimmune disease
0.000170 (29.9)39 (57.4)Malignancy 



<0.00011 (0.4)8 (11.8)Neutropenia
0.87458 (24.8)16 (23.5)Post-operation (<3M)
0.217121 (51.7)41 (60.3)Hospital-acquired infection



<Medication>
0.26122 (9.4)10 (14.7)PSL (≧10mg/day)



<0.000122 (9.4)27 (39.7)Chemotherapy
0.46610 (4.3)1 (1.5)Immunosuppressant



<Antimicrobial resistance rate> 
0.41128 (12.0)11 (16.2)3rd cephalosporin resistant
0.2250 (0)1 (1.5)Carbapenem-resistant
0.17213 (5.6)7 (10.3)Fluoroquinolone-resistant



Supplementary Table 1. Clinical epidemiology analysis of Kp infections



Comparison of risk factors between bacteremia positive- and negative-Kp infections cases.
The values and parentheses indicated the number of cases and the prevalence (%), respectively.
The significance was analyzed by Fisher’s Exact Test and Student’s t-test.
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TraDISSerial passage in human serum
8% serum4% serumNon-



synonymous 
mutations



ProductGene mutations 
in SMKP838 FDRpDetection (-fold) FDRpDetection (-fold) 



ΔmutS (day 20) #1
7.83×10-1381.05.28×10-32.82Pro514Leupenicillin-binding protein 1BmrcB



0.7431.861.17×10-23.00Ser287Prohypothetical proteinLOCUS_25300
4.67×10-34.690.7471.13Asp535fscarbamoyltransferase HypFLOCUS_24050
9.36×10-1372.30.5171.27Glu75fsgamma-glutamylcyclotransferaseLOCUS_16740
9.21×10-20227.541.64×10-72.13Ala293Thrpyruvate kinaseLOCUS_14270
1.13×10-23452.376.37×10-336.27Cys78ArgDNA-binding transcriptional regulator RamAramA
1.69×10-4-9.255.41×10-3-2.85Glu280LysL-arabinose isomerasearaA



3.94 ×10-4-7.882.51×10-16-3.76Pro58LeuMFS transporterLOCUS_15700



1.29×10-2-3.186.92×10-8-2.21Thr156Alasugar transporterLOCUS_35180
0.260-5.308.32×10-9-5.39Pro364Leuglutamine synthetaseLOCUS_40860



3.75×10-3-68.950.666-1.34Leu93Propeptide ABC transporter permeaseLOCUS_11910



ΔmutS (day 20) #2
9.21×10-20227.541.64×10-72.13Gly433Asppyruvate kinaseLOCUS_14270
3.83×10-29980.490.9641.02Asp314Glyphosphoporin PhoELOCUS_08850
1.13×10-23452.376.37×10-336.27Tyr34HisDNA-binding transcriptional regulator RamAramA
3.87×10-2-2.674.78×10-9-2.36Leu113ProLacI family transcriptional regulatorLOCUS_21770



9.18×10-6-26.580.095-1.55Ala71Valcell division protein DedDdedD



ΔmutS (day 20) #3
2.43×10-353479.169.61×10-112.99Phe353Leuchaperone SurAsurA



5.85×10-712.684.16×10-61.88Leu16fs
UDP-N-acetylmuramate--L-alanyl-gamma-D-



glutamyl-meso-2,6-diaminoheptandioate ligase
mpl



8.03×10-47.920.887-1.08Val137AlaABC transporter permeaseLOCUS_27910
4.67×10-34.690.7471.13Asp535fscarbamoyltransferase HypFLOCUS_24050
9.36×10-1372.30.5171.27Glu75fsgamma-glutamylcyclotransferaseLOCUS_16740
3.44×10-14142.551.41×10-113.12Ser250Glyputative sugar transferaseLOCUS_10060
1.13×10-23452.376.37×10-332.13Tyr34HisDNA-binding transcriptional regulator RamAramA
1.75×10-36.930.4731.39Leu559Protwo-component sensor histidine kinaseLOCUS_04570



0.118-5.373.97×10-9-3.26Leu129ProUPF0259 membrane proteinLOCUS_38150
0.093-98.752.29×10-5-59.10Thr72Alahypothetical proteinLOCUS_19880



5.81×10-3-8.220.930-1.07Glu76LysLysR family transcriptional regulatorLOCUS_43870



Supplementary Table 2. Putative serum resistance genes in non-HMV-Kp SMKP838



We listed gene mutations from three individual SMKP838ΔmutS clones (#1 to #3) after 20 days of the serial passage experiments in the presence of human
serum. The listed genes were observed from the integration analysis with TraDIS, which are putative genes that contribute to serum susceptibility, as shown
in Fig. 2a. We selected the significantly lower (minus fold) or higher (plus fold) detected genes in either presence of 4% or 8% human serum than without
human serum by TraDIS (FDRp<0.05). The lower (minus fold) genes are putative bacterial factors that increase the serum resistance level.











