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SUMMARY: 25 
Here, the application of CRISPR interference (CRISPRi) for specific gene silencing in Leptospira 26 
species is described. Leptospira cells are transformed by conjugation with plasmids expressing 27 
dCas9 (catalytically “dead” Cas9) and a single-guide RNA (sgRNA), responsible for base pairing 28 
to the desired genomic target. Methods to validate gene silencing are presented.  29 
 30 
ABSTRACT: 31 
Leptospirosis is a global neglected zoonosis, responsible for at least 1 million cases per year 32 
and almost 60 thousand deaths. The disease is caused by pathogenic and virulent bacteria of 33 
the genus Leptospira, either by direct contact with the bacteria or indirectly by exposure to 34 
contaminated water or soil. Domestic and wild animals act as reservoir hosts of infection, 35 
shedding leptospires from colonized renal tubules of the kidney, via urine, into the 36 
environment. The generation of mutant strains of Leptospira is critical to evaluate and 37 
understand pathogenic mechanisms of infection. CRISPR interference (CRISPRi) has proven to 38 
be a straightforward, affordable, and specific tool for gene silencing in pathogenic Leptospira. 39 
Therefore, the methodological details of obtaining the plasmid constructs containing both 40 
dCas9 and guide RNA, delivery of plasmids to Leptospira by conjugation with the E. coli strain 41 

2163, and transconjugant recovery and evaluation, will be described. In addition, the 42 
recently described Hornsby-Alt-Nally (HAN) media allows for the relatively rapid isolation and 43 
selection of mutant colonies on agar plates. 44 
 45 
INTRODUCTION: 46 
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Leptospirosis is a neglected worldwide zoonosis caused by pathogenic and virulent species of 47 
the genus Leptospira. In humans, the disease accounts for more than one million cases and 48 
60,000 deaths per year worldwide1,2. So far, there is no long-term and effective vaccine for 49 
the disease. The identification of virulence factors and pathogenic mechanisms is pivotal to 50 
the development of better therapeutic and prophylactic strategies. Therefore, the ability to 51 
generate genetic mutations and assess the resulting phenotype is critical to functional 52 
genomic analysis3. 53 
 54 
The construction of mutants in pathogenic Leptospira was considered, until now, inherently 55 
inefficient, laborious, costly, and difficult to implement. This scenario drastically changed with 56 
the application of the recent CRISPR interference (CRISPRi) to saprophytic4 and pathogenic5 57 
leptospires.  58 
 59 
Gene silencing is achieved by the expression of two components: a variant of the CRISPR/Cas 60 
(clustered regularly interspaced short palindromic repeat/CRISPR associated) enzyme Cas9 61 
from Streptococcus pyogenes, called catalytically dead Cas9 (dCas9) and a single-guide RNA 62 
(sgRNA), that can be edited according to the desired target6-8. dCas9 protein, when bound to 63 
the sgRNA, is directed to specific DNA targets by Watson and Crick base pairing, causing a 64 
steric blockage to RNA polymerase elongation, resulting in gene silencing due to the 65 
obstructed gene transcription7 (Figure 1). 66 
 67 
This manuscript aims to describe the construction of the plasmid for expressing both dCas9 68 

and sgRNA, conjugation between donor E. coli 2163 and recipient Leptospira cells, 69 
transconjugant recovery, and finally, validation of selected mutant colonies. 70 
 71 
PROTOCOL 72 
 73 
1. Protospacer definition and plasmid construction 74 
 75 
NOTE: In this section, the first step is selecting appropriate protospacers for constructing the 76 
sgRNA and further ligation into pMaOri.dCas9, is described (Figure 1). This protospacer 77 
sequence comprises of a 20 nucleotides sequence against the desired target. 78 
 79 
1.1 Obtain the nucleotide sequence of the gene of interest for silencing at GenBank 80 
(https://www.ncbi.nlm.nih.gov/genbank). Submit it to the CHOPCHOP webserver 81 
(http://chopchop.cbu.uib.no/), with parameters defined for Streptococcus pyogenes Cas9 82 
and protospacer adjacent motif NGG after selecting the “Fasta Target”. Define the 83 
parameters to “CRISPR/Cas9” and PAM (protospacer adjacent motif) NGG.  84 
 85 
1.2  Based on the results obtained, select protospacers with the best score possible (green 86 
arrow), that are located as close as possible to the 5´end of the coding region and, most 87 
importantly, are contained in the template (minus) strand since the sgRNA must pair to the 88 
coding strand of the gene for complete gene silencing.  89 
 90 
NOTE: The NGG motif is not included in the final sgRNA sequence. 91 
 92 



1.3 Use the lipL32 promoter to express the single guide RNA that contains a variable 20 93 
nucleotide sequence at the 5’ end and a conserved dCas9 scaffold sequence. Merge the 94 
20-nt sequence, termed protospacer, to the lipL32 promoter (at its 5´ end) and sgRNA 95 
scaffold (3’end) (Figure 1B).  96 

 97 
NOTE: For a well-defined lipL32 promoter, utilize the promoter region comprising -334 to the 98 
TSS (Transcription Start Site, based on Zhukova et al.9). Check the Supplementary File for the 99 
final sgRNA cassette.  100 
 101 
1.4 Generate the sgRNA cassette by sequential PCR5 or have it synthesized by a 102 
commercial provider.  103 
 104 
1.5 After obtaining the cassette ligate it into pMaOri.dCas9 plasmid at the XmaI restriction 105 
site at both ends (cccggg)4. 106 
 107 
1.5.1 Digest both the sgRNA cassette and pMaOri.dCas9 plasmid with XmaI restriction 108 
enzyme and proceed to ligation (Figure 1B).  109 
 110 
1.5.2 Perform the cloning steps in the dT auxotrophic E. coli strain π110, due to the pMaOri11 111 
(and by extension, pMaOri.dCas9) origin of replication, R6K-gamma.  112 
 113 
NOTE: For a detailed protocol for ligation and clone selection, refer to previous publications 114 
by Fernandes and Nascimento12. sgRNA-guided dCas9 will bind to the coding strand of the 115 
selected gene of interest and, therefore, will obstruct RNA polymerase elongation (Figure 1C), 116 
resulting in gene silencing.  117 
 118 
2. Leptospira transformation by conjugation 119 
 120 
NOTE: A graphical scheme of this step is presented in Figure 2. To make HAN media and HAN 121 
plates, refer to Hornsby et al.13 and Fernandes et al.5. 122 
 123 
2.1 Grow pathogenic Leptospira cells at 29 or 37 ˚C in HAN media13 under agitation by diluting 124 
a saturated culture in fresh HAN at 1:100; typically, L. interrogans serovar Copenhageni strain 125 
Fiocruz L1-130 takes 4-6 days to reach the appropriate cell density.   126 
 127 
2.1.1. Ensure cultures reach an O.D. of 0.2-0.4 at 420 nm (2 to 5 x 108 cells/mL) before using 128 
for conjugation.  129 
 130 
NOTE: Since HAN media changes color as cell densities increase (due to phenol red contained 131 
in DMEM media), centrifuge (4,000 x g, 15 min, room temperature) 1 mL of the culture media 132 
to remove leptospires and apply supernatant as a blank for measuring the O.D.   133 
 134 

2.2. Transform the conjugative E. coli strain 2163, auxotrophic for Diaminopimelic acid 135 
(DAP), with the plasmid pMaOri.dCas9 containing the sgRNA cassette. For E. coli 136 
transformation, use either heat-shock protocols or electroporation. Include transformation 137 
with the plasmid pMaOri.dCas9 with no sgRNA cassette as a control. 138 
 139 



2.2.1. For heat-shock transformation, mix the plasmid DNA (100 ng) with chemically 140 
competent E. coli cells and incubate on ice for 30 min. Perform heat shock at 42 ˚C for 90 s 141 
and place it again on ice for 5 min. Recover the cells by adding 1 mL of LB media, incubate at 142 
37 ˚C for 1 h and proceed to the plating.  143 
 144 
2.2.2. For electroporation, use electrocompetent cells mixed with 100 ng of plasmid DNA. Use 145 
the following parameters for pulse: 1.8 kV, 100 Ω, and 25 μF. Recover the cells as explained 146 
above.  147 
 148 
2.2.3. Plate the transformed donor E. coli cells in LB agar medium supplemented with 149 

Diaminopimelic acid (DAP) (0.3 mM) and spectinomycin (40 g/mL) to select for plasmids. 150 
 151 
2.3 For conjugation, select one colony from each plate one day before the day of conjugation 152 
(which is determined by monitoring the O.D. of cultures of leptospires). 153 
 154 

2.3.1. Select one colony of E. coli 2163 from the empty pMaOri.dCas9, and one from 155 
pMaOri.dCas9sgRNA plates. Allow them to grow overnight in 10 mL of LB plus DAP and 156 
spectinomycin at 37 ˚C.  157 
 158 
2.3.2. The next day, dilute the saturated cultures 1:100 in 10 mL of fresh LB plus DAP (do not 159 
include the antibiotic here) until OD420nm of 0.2-0.4. Normally, it takes 2-3 h for E. coli to reach 160 
these densities. 161 
 162 
2.4. Inside a BSL2 biosafety hood, assemble a filtration apparatus by placing a 25 mm 163 
diameter, 0.1 µm pore size, mixed cellulose esters membrane filter on the top of the glass 164 
base. Place a 15 mL glass funnel on the top and hold both pieces with spring clamps. Connect 165 
the glass to a vacuum pump and add the cultures to the funnel for filtration.     166 
 167 
2.5 Add 5 mL of Leptospira culture to the funnel. Add a volume of E. coli to constitute the 1:1 168 
proportion based on the OD420nm values of both cultures. Turn on the vacuum pump and 169 
concentrate cells by filtration. After cell concentration in the membrane filter, carefully 170 
retrieve it. Ensure medium is filtered through the membrane.  171 
 172 
NOTE: Filtration takes 5 to 10 min. 173 
 174 
2.6 Place the filter on a commercially available EMJH plate (see Table of Materials) 175 
supplemented with DAP (0.3 mM). Ensure that bacteria side is up. Incubate the plates at 29 176 
˚C for 24 h. 177 
 178 
NOTE: If HAN or supplemented in-house EMJH14 plates are used, E. coli can proliferate and 179 
overcome the intended 1:1 proportion, which in turn can decrease conjugation efficiency5. 180 
 181 
2.7 After 24 h, recover the filters from the plates and place each individual filter in a 50 mL 182 
conical tube.  183 
 184 
2.8. Use 1 mL of liquid HAN medium to release the cells from the filter surface by extensive 185 
pipetting and vortexing.  186 



 187 
2.9 Visualize the recovered mixed bacterial solutions by dark field microscopy to check for cell 188 
viability and motility, and Leptospira:E. coli proportions. 189 
 190 
NOTE: At this stage, equivalent numbers of E. coli and Leptospira can be seen. 191 
 192 

2.10 Spread 100-200 L of this culture onto HAN plates containing 0.4% inactivated rabbit 193 

serum and 40 g/mL spectinomycin. Incubate plates at 37 ˚C in a 3% CO2 atmosphere.  194 
 195 
NOTE: Normally, L. interrogans serovar Copenhageni strain Fiocruz L1-130 cells form colonies 196 
in 5-7 days on control plates and in 8-10 days on spectinomycin plates.  At this stage, E. coli 197 
will not grow since they are auxotrophic for DAP. 198 
 199 

2.11. As a control, dilute cultures at 104 leptospires/mL and add 100 L onto plates without 200 
antibiotic, for monitoring leptospiral growth.  201 
 202 
3. Colony selection and transconjugant growth and validation 203 
 204 
NOTE: Colonies should be apparent by day 10. However, they are not too easy to visualize. 205 
Normally at this time point, HAN plates are a bit opaque because of the dried cells that were 206 
spread and Leptospira colonies can appear as a transparent halo against the whitish 207 
background. It is recommended to view the plates at different angles to achieve different light 208 
incidence, therefore, making the colonies more apparent. At longer incubation times, 209 
colonies can acquire a denser appearance, and in this case, they present as milky halos against 210 
a dark background.  211 
 212 

3.1 Add 100 L of liquid HAN media to each 1.5 mL microtube to recover mutants. Take at 213 
least 3 colonies from each plate. 214 
 215 
3.1.1 With the aid of a micropipette tip, “dig” the agar to retrieve the colonies from the plates 216 
since leptospiral colonies can be subsurface.  217 
 218 
NOTE: Agar is expected to be taken along at this stage. Colonies should be taken from control 219 
plates containing empty pMaOri.dCas9 plasmid, and plates with leptospires containing 220 
plasmids expressing both dCas9 and single guide RNA, designed for the target gene. 221 
 222 

3.1.2 Dispense the collected colony in 100 L of HAN media in a 1.5 mL microtube and 223 
vigorously homogenize. At this stage, ensure maximal break of the agar integrity to release 224 
cells. Vortex the suspension for 10 s.  225 
 226 
3.2 Visualize the recovered cells by dark field microscopy at a 200-400x magnification by 227 
adding a 5 µL drop onto a glass slide and cover the samples immediately with a coverslip.  228 
 229 
3.2.1 Confirm the presence of live and viable leptospires recovered from the colonies. 230 
 231 

3.2.2 After visualization and confirmation of viable leptospires, transfer 100 L of cells to 232 

liquid HAN media containing 40 g/mL spectinomycin.  233 



 234 
3.3 After growth in liquid HAN media, evaluate the cultures for the presence of the plasmid 235 
with primer pMaOri2 F (ACGCAATGTATCGATACCGAC) and R (ATAGGTGAAGTAGGCCCACCC), 236 
which recognize the region that flanks the sgRNA cassette.  237 
 238 

3.3.1. Collect 200 L of culture, centrifuge (4,000 x g, 15 min), discard the supernatant, and 239 

resuspend the resulting pellet in 20 L of water.  240 
 241 
3.3.2. Use this suspension as a template for additional PCR, without the need for DNA 242 
extraction12.  243 
 244 
NOTE: Cells with pMaOri.dCas9 will render an amplicon of 281 bp, compared to those 245 
containing the plasmids with the sgRNA cassette which will render an amplicon of 723 bp. 246 
 247 
3.4 For confirmation of gene silencing, perform an immunoblot utilizing cell extracts from 248 
transconjugants containing only pMaOri.dCas9 (negative control) and pMaOri.dCas9sgRNA.  249 
 250 
3.4.1. Apply the equivalent of 5 x 107 cells per lane of the sodium dodecyl sulfate (SDS) 251 
polyacrylamide gel.  252 
 253 
3.4.2. Electrotransfer proteins to a membrane for incubation with appropriate antibodies. 254 
Besides the antibody against the target gene for silencing, use another one for loading 255 
control. 256 
 257 
3.5 Keep the mutant cultures in HAN media plus spectinomycin for maintaining the plasmid. 258 
If no antibiotics are applied to the media, complete gene silencing can be observed for at least 259 
three passages5. 260 
 261 
REPRESENTATIVE RESULTS 262 
Even though the CG content in Leptospira spp. genomes is typically around 35%; virtually 263 
every gene is likely to contain the PAM 5’NGG 3’; this motif needs to be considered in the 264 
template strand. After inputting the coding sequence of a gene (from start to stop codons), 265 
based on the CHOPCHOP results, protospacers must be selected at the minus (-, template) 266 
strand. It is important to not include the NGG motif in the 20-nt sgRNA protospacer. 267 
 268 
If conjugation is performed with a 1:1 donor:recipient cell proportion, for 24 h on the surface 269 

of EMJH agar plates plus DAP, and 200 L of the recovered bacterial suspension are spread 270 
onto HAN plus spectinomycin agar plates, transconjugants colonies should be visible at 271 
approximately 8-10 days. Spreading of this volume normally results in 20-40 colonies per plate 272 
(Figure 3A). In order to check for cell viability after conjugation, cells can be spread onto HAN 273 
plates with no antibiotic selection. In this case, colonies can be observed as soon as 7 days.  274 
HAN plates turn pale yellow in a 3% CO2 atmosphere.  275 
 276 
After colony picking and growth in liquid media plus spectinomycin, PCR using whole cells and 277 
pMaOri2 primers can be used for an initial quality check of the transconjugants (Figure 3B). 278 
Leptospiral cells containing the control pMaOri.dCas9 plasmid should result in an amplicon of 279 
281 bp, while those cells containing the plasmid for silencing, that is, containing both dCas9 280 



and sgRNA, should result in a 723 bp amplicon. pMaOri2 F and R primers were designed to 281 
flank the XmaI restriction site, which is the site used during sgRNA cassette ligation.  282 
 283 
With the confirmation of plasmid presence, cells can be harvested from the media, washed 284 
twice with PBS, and then used to prepare a whole-cell extract for immunoblotting. If the 285 
silencing occurred, the target proteins, in this case, either LipL32 or both LigA and LigB, should 286 
be observed only in the wild type cells and in those containing pMaOri.dCas9; even with 287 
higher exposure times, no corresponding proteins should be visible in the cells containing 288 
pMaOri.dCas9sgRNA (Figure 3C). 289 
 290 
If experiments to assess leptospiral virulence after gene silencing are planned, cultures used 291 
for conjugation should be low passage virulent Leptospira. After gene silencing is confirmed, 292 
several aliquots can be frozen as a backup. If the silenced gene has a measurable phenotype, 293 
e.g., based on previous work with recombinant proteins, cultures can be used for validation 294 
and, in this case, cells containing pMaOri.dCas9 only, can be included as a negative control.   295 
 296 
FIGURE LEGENDS 297 
 298 
Figure 1: Development of dCas9 and sgRNA expressing plasmid. (A) A 20-nt long 299 
protospacer, followed by the S. pyogenes dCas9 PAM 5’-NGG-3’, is selected within the 300 
template strand of the target gene so the subsequent sgRNA can perform Watson and Crick 301 
base pairing to the corresponding coding strand, resulting in complete gene silencing. (B) The 302 
sgRNA cassette is composed of the lipL32 promoter, 20-nt protospacer, and dCas9 scaffold. 303 
The pMaOri.dCas9 plasmid is used as a backbone for sgRNA cassette ligation at the XmaI 304 
restriction site. The resulting plasmid, termed pMaOri.dCas9sgRNA is delivered to leptospires, 305 
and the expression of both dCas9 and sgRNA is responsible for the gene silencing. (C) sgRNA-306 
directed dCas9 acts as a physical barrier to RNA polymerase elongation, therefore, hampering 307 
transcription.  308 
 309 
Figure 2: Schematic representation of conjugation protocol. The desired Leptospira species 310 
is grown in HAN media, under agitation, until O.D. of 0.2-0.4 (mid-log phase) at 420 nm. One 311 

day before conjugation, a colony of recombinant donor E. coli 2163 containing the plasmid 312 
of interest is picked from LB+DAP+Spc agar plates, as cells are grown overnight in liquid LB 313 
with the same supplementation. The next day, saturated E. coli cultures are diluted in LB plus 314 
DAP and grown until O.D. of 0.2-0.4 at 420 nm. Both donor E. coli and recipient Leptospira are 315 

mixed at 1:1 cell proportion onto the surface of a 0.1 m filter by a filtration apparatus under 316 
negative pressure. Then, filters are placed on top of the EMJH agar plates supplemented with 317 
DAP, and incubation proceeds for 24 h at 29 ˚C. The use of EMJH limits E. coli proliferation, 318 
and the intended 1:1 proportion is maintained. Bacteria are recovered from filters by 319 
pipetting with 1 mL HAN media, and suspensions are visualized under darkfield microscopy. 320 

Finally, 100-200 L of each suspension are seeded onto HAN agar plates containing 0.4% 321 
rabbit serum and incubated at 37 ˚C in 3% CO2. At this stage, DAP is omitted, and as a result, 322 
auxotrophic E. coli will not grow.  323 
 324 
Figure 3: Representative results for mutants’ evaluation. (A) Colonies from plates containing 325 
Leptospira transformed with empty pMaOri.dCas9 (negative control for further experiments) 326 
and plasmids pMaOri.dCas9sgRNA (with targeted gene silenced) are picked, vigorously 327 



homogenized in liquid HAN and grown in liquid HAN containing spectinomycin. Recombinant 328 
cells can be validated by PCR with primers flanking the XmaI site within pMaOri.dCas9. (B) In 329 
this case, cells containing pMaOri.dCas9 only resulted in an amplicon of 281 bp, while those 330 
cells containing the plasmid for silencing, containing both dCas9 and sgRNA, showed a 723 bp 331 
amplicon. After confirmation of the presence of the plasmids, gene silencing was validated by 332 
immunoblot analysis. (C) Incubation with antibodies to both target protein and a loading 333 
control protein is recommended; in the representative immunoblot, whole-cell extracts from 334 
transconjugants containing pMaOri.dCas9 alone or with sgRNA cassettes targeting lipL32 335 
(pMaOri.dCas9sgRNAlipL32) and both LigA and LigB (pMaOri.dCas9sgRNAligAB) genes are 336 
displayed. Co-incubation with anti-LipL32, anti-LigAB and anti-LipL41 (non-target, loading 337 
control) confirms that the expression of LipL32 protein is abolished in cells containing 338 
pMaOri.dCas9sgRNAlipL32 and both LigA and LigB in cells containing 339 
pMaOri.dCas9sgRNAligAB. 340 
 341 
Supplementary File: Single guide RNA (sgRNA) cassette sequence. The sgRNA transcription 342 
is directed by the constitutive lipL32 promoter (bold nucleotides). sgRNA is composed of 20 343 
nucleotides referring to the protospacer, responsible for base pairing to the coding strand of 344 
the target gene, and dCas9 scaffold sequence (underlined nucleotides). XmaI restriction sites 345 
(cccggg) are included at both ends for ligation at pMaOri.dCas9 plasmid. 346 
 347 
 348 
DISCUSSION 349 
After the early sequencing of pathogenic15-18 and saprophytic19 Leptospira species, data 350 
mining of the genome shed light on several aspects of leptospiral pathogenesis. In most cases, 351 
protein function was explored by using the recombinant counterpart of putative leptospiral 352 
surface-exposed proteins and subsequent speculation of the native protein function20-26.    353 
 354 
The generation of mutants, and evaluation of their respective phenotype, are key 355 
components of functional genomic analysis. Initial attempts to generate mutants in 356 
Leptospira spp. were achieved by random transposon mutagenesis27-30; however, after 357 
extensive and laborious analysis for inferring the identity of disrupted genes, it was noted 358 
that only 15% of all genes in L. interrogans serovar Manilae were disrupted27. Targeted gene 359 
knockout was further achieved by homologous recombination utilizing suicide plasmids to 360 
deliver an antibiotic resistance cassette flanked by homologous arms within the desired 361 
target31,32. 362 
 363 
By applying these technologies, several aspects of leptospiral basic biology and virulence were 364 
explored31,33-37. The development of the E. coli-Leptospira conjugative shuttle vector, pMaOri 365 
11, allowed the delivery of components for episomal gene silencing. 366 
 367 
It was previously shown that the Cas9-induced double-strand break is lethal to Leptospira spp. 368 
and, as an alternative, the catalytically inactive variant of the enzyme, dCas9, can be used to 369 
achieve gene silencing in both saprophytic and pathogenic species4, 5. By using the plasmid 370 
pMaOri.dCas9 as a backbone for sgRNA cassette ligation, specific and stable gene silencing 371 
can be obtained due to the expression of both dCas9 and sgRNA; dCas9-bound sgRNA will 372 
lead the protein to the desired target by Watson-Crick base pairing.  373 
 374 



For complete gene silencing, the protospacer should be designed based on the template 375 
strand of the desired gene so that base pairing of the sgRNA occurs with the coding strand. 376 
Based on an average C+G content of 35% in Leptospira spp., the PAM 5’-NGG-3’ will occur at 377 
least 3 times every 100 bp. Therefore, virtually any gene within the genome of Leptospira will 378 
contain at least one PAM. However, if the motif NGG is not found, the alternative NAG motif 379 
can be evaluated. 380 
 381 
Previous gene silencing techniques, such as zinc fingers and TALE (transcription activator-like 382 
effectors), relied on the construction of one different protein to each target, making these 383 
techniques laborious and costly38. In the case of CRISPRi, the variable component is the 384 
sgRNA, making it necessary to only change the 20 bp at the 5’ end. Complete, stable, and 385 
targeted gene silencing has been observed not only in Leptospira spp.4,5, but also in other 386 
bacteria8,39-41. 387 
 388 
The development of HAN media13 favored the recovery of mutants by drastically reducing the 389 
incubation time for colony formation and allowing Leptospira to grow at 37 oC. However, 390 
during the conjugation step, its use is not recommended since E. coli can vigorously 391 
proliferate in this media and overcome the intended 1:1 proportion between donor and 392 
recipient cells. At this stage, EMJH plus DAP is the better choice, since E. coli replicate poorly 393 
in this media. It is worth mentioning that some laboratories make in-house supplemented 394 
EMJH, which can contain additional components that might also support the growth of E. coli 395 
cells. 396 
 397 
The conjugation protocol presented here was optimized for L. interrogans serovar 398 
Copenhageni strain Fiocruz L1-130, and it was also proven to be effective in the 399 
transformation of a recently isolated pathogenic strain from soil samples5. Initial attempts 400 
with different serovars of L. borgpetersenii species indicate lower conjugation efficiencies 401 
with the described protocol. Thus, when working with different species/serovars of 402 
Leptospira, optimal conditions for conjugation should be determined empirically, considering 403 
donor:recipient cell proportions, initial cell densities, conjugation media and time (24 and 404 
28h).  It is reasonable to assume that different Leptospira species and serovars will behave 405 
differently with different conjugation protocols.  406 
 407 
Even though saprophytic Leptospira colonies are relatively easy to visualize on plates, 408 
pathogenic colonies can be more difficult to observe. Normally, by using HAN media 409 
supplemented with 0.4% rabbit serum and spectinomycin, transconjugant colonies can be 410 
observed at day 10. In our experience, colonies initially present as a transparent halo at the 411 
media surface. In the video protocol, denser colonies, after 14 days of growth, are shown 412 
since the transparent ones were difficult to film. At this stage, rotating the plate to achieve 413 
different light incidence and shifting between white and dark backgrounds can help identify 414 
colonies.  415 
 416 
For mutant validation, immunoblotting offers a straightforward approach; however, since 417 
antibodies are not always available against target proteins, alternative strategies to validate 418 
gene silencing can be pursued. Quantitative reverse-transcriptase PCR (qRT-PCR) using 419 
primers for the target gene and a constitutive control is effective to validate gene silencing 420 
since sgRNA-guided dCas9 is responsible for blockage of gene transcription. If the target gene 421 



encodes a clearly defined protein band in protein gels, SDS-PAGE can demonstrate silencing, 422 
and as per the lipL32 gene silencing5. If LPS biosynthesis genes are silenced, LPS staining can 423 
be employed; in the case of silencing genes encoding for enzymes with well-defined 424 

substrates, kinetic assays with chromogenic substrates are valid strategies; -galactosidase 425 
silencing in L. biflexa was validated by the use of X-gal and ONPG (ortho-Nitrophenyl-β-426 
galactoside) substrates4. 427 
 428 
After confirmation of gene silencing, experiments can be designed to further evaluate 429 
phenotype. Binding assays can be performed in the case of silencing bacterial adhesins; 430 
serum-challenge assays confirmed the role of LigA and LigB in serum survival displayed by 431 
pathogenic Leptospira5. Mutants can also be used to inoculate animals to assess attenuation 432 
of virulence; in this case, animals inoculated with the mutant should be compared to those 433 
infected with cells containing pMaOri.dCas9 only. 434 
 435 
In conclusion, the current protocol describes the application of CRISPRi for gene silencing in 436 
pathogenic Leptospira species using HAN media to facilitate mutant recovery within 10 days. 437 
Gene silencing combined with functional genomic analysis will improve our understanding of 438 
pathogenic mechanisms of Leptospira, and ultimately leading to the development of better 439 
prophylactic strategies for disease control. 440 
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Supplementary File 
 
The sgRNA cassette should be: 
 
cccgggGAACAAGAAAGAGTCAGAGAATTATTGAAGAGATACTCTTATACTACCGTCTTTGGAAGAATT
TTCGCATGGATTTTAGATTTGCTGGACTGGTTGAAGCGATTTTTTCAAAAAAAATAATCAATTTGTGTC
TGAGATTTGAAAACGCTTGTTTGATAGTTTTTTAAGAATTTCTGATGTTTCAATCGTATAGAAATTCTA
AATTTAGAAATCATCCTTTACTTTTCTCTAAGACTTATATAACAATCGCTTTAAACTCAAATTATAATCTT
TCAGATAAAAAATTATTCAATATTGATTTACAAAAAATTCCTAAGTTCATACCGTGATTTTCNNNNNN
NNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTG
AAAAAGTGGCACCGAGTCGGTGCTTTTTTcccggg 
 
Bold nucleotides refer to the lipL32 promoter and underlined nucleotides refer to the dCas9 
scaffold. XmaI restriction sites (cccggg) are included at both ends, for ligation at pMaOri.dCas9 
plasmid. 
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