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Abstract
The SlipChip platform was tested to perform high throughput nanoliter multiplex PCR. The
advantages of using the SlipChip platform for multiplex PCR include the ability to preload arrays
of dry primers, instrument-free sample manipulation, small sample volume, and high throughput
capacity. The SlipChip was designed to preload one primer pair per reaction compartment, and to
screen up to 384 different primer pairs with less than 30 nanoliters of sample per reaction
compartment. Both a 40-well and a 384-well design of the SlipChip were tested for multiplex
PCR. In the geometries used here, the sample fluid was spontaneously compartmentalized into
discrete volumes even before slipping of the two plates of the SlipChip, but slipping introduced
additional capabilities that made devices more robust and versatile. The wells of this SlipChip
were designed to overcome potential problems associated with thermal expansion. By using
circular wells filled with oil and overlapping them with square wells filled with the aqueous PCR
mixture, a droplet of aqueous PCR mixture was always surrounded by the lubricating fluid. In this
design, during heating and thermal expansion, only oil was expelled from the compartment and
leaking of the aqueous solution was prevented. Both 40-well and 384-well devices were found to
be free from cross-contamination, and end point fluorescence detection provided reliable readout.
Multiple samples could also be screened on the same SlipChip simultaneously. Multiplex PCR
was validated on the 384-well SlipChip with 20 different primer pairs to identify 16 bacterial and
fungal species commonly presented in blood infections. The SlipChip correctly identified five
different bacterial or fungal species in separate experiments. In addition, the presence of the
resistance gene mecA in methicillin resistant Staphylococcus aureus (MRSA) was identified. The
SlipChip will be useful for applications involving PCR arrays, and lays the foundation for new
strategies for diagnostics, point-of-care devices, and immobilization based arrays.

Introduction
This paper describes a method of performing nanoliter-scale multiplex PCR on a preloaded
SlipChip. Since its introduction, multiplex PCR has been successfully applied in many areas
from research to clinical diagnostics, including genetic analysis of cancer cells,1,2
monitoring of genetic variability and clonal evolution,3 and identification of infectious
diseases caused by viruses, bacteria, fungi, and parasites.4,5 The conventional method for
performing multiplex PCR is to load multiple primers to amplify multiple target templates in
one reaction compartment.5 The throughput of this approach is generally limited to less than
10 targets per compartment because of uneven amplification rates of different targets,
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mutual interference of multiple primers, and a limiting number of existing fluorophors
required for detection. Multiplex PCR can also be performed using PCR multi-well plates,6
but this method usually requires a large amount of reagent and sample.

Another strategy is to use many miniaturized compartments, each containing a primer pair
for a different target. Implementing this strategy requires approaches for handling small
volumes of liquid, such as provided by microfluidics. Microfluidic technology has
advantages over traditional PCR platforms, e.g. smaller reaction volume, high-throughput
capacity, and portability. Miniaturized high performance PCR components7-22 and systems
integrating such PCR components with sample preparation to provide sample-to-answer
platforms23-29 have been created. For example, components use microchambers,
microchannels, microwell arrays, microdroplets, or valves to compartmentalize PCR
reactions. A universally accepted platform has not yet emerged, as it is desirable to simplify
microfluidic approaches further, e.g. eliminating the need for complex fabrication or
pumping equipment.

Here we evaluate the performance of high-throughput, multiplex PCR on the SlipChip30-34

platform. The SlipChip allows microliter volumes of solutions to be effectively distributed
among hundreds of nanoliter compartments without requiring pumps or robotic dispensing.
It also allows preloading and storage of multiple reagents without cross contamination. It
has been validated for protein crystallization30-32 and nanoliter immunoassays.33 SlipChip
relies on encoding a program for manipulating fluids into an array of wells and ducts
imprinted in two plates. These plates are then brought in contact “face to face” and the
program is executed by slipping the two plates relative to one another. Here, we tested a 40-
well and a 384-well design of the SlipChip to perform multiplex PCR. The 384-well
SlipChip was designed to perform 384 simultaneous PCR reactions to identify up to 384
different templates on a single 10 μL sample with end-point fluorescence detection. An array
of primer pairs was directly deposited in the wells of the SlipChip and allowed to dry at
room temperature. The entire SlipChip experiment with preloaded primers can be setup
easily by the user with a single pipetting step. PCR reactions were performed on a standard
thermal cycler and were initiated by a single slipping step without requiring instruments.

Results and Discussion
We first tested PCR on the SlipChip with the design containing 40 wells and two inlets for
two different samples (Figure 1 A, B). The 40-well SlipChip was made from soda-lime glass
(See Experimental Section in Supporting Information) with a final dimension of 4 cm by 2
cm by 0.07 cm for each plate. This device can be used to screen two different samples
simultaneously, with up to 20 different primer pairs for each sample. The top plate (Figure
1C) contained the fluid inlet, square wells (side length of 640 μm, depth of 70 μm)
rectangular wells (length of 570 μm, width of 230 μm, depth of 70 μm), and outlets (not
shown). The bottom plate (Figure 1D) contained circular wells (diameter of 560 μm, depth
of 30 μm) and the ducts for introduction of the sample (width of 150 μm, depth of 30 μm).
Different primer pairs were preloaded into the bottom circular wells and allowed to dry
under room temperature (Figure 1D). The top and bottom plates were then submerged under
mineral oil and assembled to form a continuous fluidic path (Figure 1E). The PCR master
mixture, a solution containing SsoFast EvaGreen Supermix, 1 mg/mL BSA, and template
DNA (or water for the control experiments), was introduced into the SlipChip by pipetting
(Figure 1F). In this geometry, the sample fluid spontaneously broke up into discrete volumes
even before slipping. This breakup of a continuous stream into discrete volumes is valuable
for applications where compartmentalization is required, such as stochastic confinement35,36

and digital PCR.37 After injection of the sample, the top plate was slipped down to overlap
the square wells with the circular wells on the bottom plate (Figure 1G, H), and the dry
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primers preloaded in the circular wells dissolved in the sample introduced from square
wells. The rectangular wells on the top plate also aligned with the middle of the duct on the
bottom plate. The aqueous solution formed a circular droplet in the wells due to the surface
tension (Figure 1G, H), and the volume of solution in each compartment was estimated
using AutoCAD software to be 26 nL. As our goal in this paper was to characterize intrinsic
performance of the SlipChip, we have not attempted to reuse SlipChips after a surface wash,
for the fear of potential contamination from experiment to experiment. Such contamination
would have made make our results inconclusive as we wished to test cross-contamination
among wells. We do know that the SlipChip can be re-used after the previous PCR product
is removed by thoroughly cleaning the chip with piranha (H2SO4: H2O2 = 3:1). Then, after
plasma cleaning, the SlipChip can be silanized again for re-use (See Experimental Section in
Supporting Information).

We addressed the issue of thermal expansion during thermal cycling by careful design of the
SlipChip. The material of the SlipChip (glass), the lubricating fluid (mineral oil), and the
sample (the aqueous PCR mixture) all have different thermal expansion coefficients. The
aqueous reaction mixture and the oil should expand more than the glass when the
temperature of the SlipChip is increased from room temperature to the annealing
temperature (55 °C) and then to the denaturation temperature (95 °C). This thermal
expansion could cause the reaction mixture to be expelled from each compartment into the
gap between the two plates, potentially leading to cross-contamination (Figure 2A). To
confirm that this was a potential problem, and to characterize thermal expansion, we used an
aqueous solution containing red quantum dots and mineral oil containing green quantum
dots to study the fluid movement during thermal cycling (Experimental Section and Figure
S1 in Supporting Information). When using the SlipChip with only square wells, the
aqueous solution filled the square well completely, and after an increase in temperature, the
aqueous solution entered the gap between the two plates of the SlipChip. To ensure that no
fluid enters the gap and no cross-contamination could take place, we changed the design of
the SlipChip to use it for PCR experiments (Figure 2B, C). In this design, we found that
when a smaller, circular well containing oil in the bottom plate was brought into contact
with a square well containing aqueous solution in the top plate, due to the surface tension the
aqueous solution would form a droplet surrounded by mineral oil within the hydrophobic
well (Figure 2B-C). When the temperature was increased, the aqueous solution expanded
inside the reaction compartment and the mineral oil expanded and moved out of the well
through the gap between the top and bottom plates in the SlipChip, serving as a buffer
material. In this design, the oil was preferentially expelled from the reaction compartment
under both “kinetic” and “thermodynamic” control. Because the oil was located closer to the
entrance of gap between the plates, we expected it to be expelled preferentially even at very
high rates of expansion, when the wetting preferences and capillary forces may matter less.
Because the oil preferentially wets the hydrophobic surfaces of the SlipChip, we also
expected it to enter the gap preferentially at very slow rates of expansion, when the capillary
effects are likely to control the outcome. In addition, we determined that the shape and size
of the bottom well influenced formation of a single droplet of consistent size in the center of
the two wells. While there are many variations of well shapes and sizes that can provide this
effect, we found that the wells used here (see the Experimental Section in Supporting
Information) provided consistent results. Finally, the rectangular wells on the top plate
overlapped with the ducts on the bottom plate to address the issue of thermal expansion of
the solution remaining in the ducts.

To evaluate the performance of the SlipChip, we tested PCR in the SlipChip (the 40-well
design, Figure 1) by amplifying the nuc gene in S. aureus genomic DNA (gDNA). Primers
for the S. aureus nuc gene38 were preloaded into the circular wells of the bottom plate of the
SlipChip and allowed to dry under room temperature. The PCR master mixture (EvaGreen
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supermix, 5 pg/μL S. aureus gDNA, and 1 mg/mL BSA) was injected into the channels to
fill the top two rows of wells. The bottom two rows of wells were filled with the same
aqueous PCR mixture but gDNA template was replaced by nuclease-free water. The square
wells in the top plate and circular wells in the bottom plate were overlapped by slipping the
two plates of the SlipChip relative to one another (Figure 1G). The SlipChip was placed into
the thermal cycler on a flat in situ adaptor for PCR amplification. We confirmed that no
cross contamination occurred between different rows in the SlipChip as only wells
containing template showed amplification (Figure 3). Fluorescent intensity increased
significantly (> 5 fold, p < 0.0001, n = 20) only in the wells containing gDNA (Figure 3A-
C), and all 20 wells containing template showed amplification after thermal cycling,
verifying the robustness of the PCR SlipChip. The fluorescent intensity was uniform across
the 20 wells containing template. A real time imaging system can be used to further verify
the amplification rate in each well. After thermal cycling, the top plate of the SlipChip was
slipped back to re-form the continuous fluidic path. The PCR product from the top two rows
(containing template) and the bottom two rows (control) was recovered individually by
replacing the aqueous solution in each fluidic path with mineral oil. A gel electrophoresis
experiment was performed and indicated successful on-chip amplification and the correct
size of the amplification product (∼ 270 bp) (Figure 3D).

Next, we tested the cross contamination among adjacent wells by preloading the primer
pairs for the nuc gene in S. aureus and the mecA gene39 in Methicillin-resistant S. aureus
(MRSA) on the chip alternatively in the same row, and injecting PCR master mixture
containing 100 pg/μL of Methicillin-sensitive S. aureus (MSSA) genomic DNA into the
SlipChip (primer pairs can be found in the Supporting Information). Because the nuc gene is
commonly present in S. aureus but the mecA gene is not, all ten wells preloaded with the
primers for the nuc gene showed a significant increase in fluorescence intensity after thermal
cycling, and none of the wells loaded with primers for the mecA gene increased in
fluorescence intensity (p < 0.0001, n = 10) (Figure 4 A-B). Combined with the results above
(Figure 3), we concluded that each well was an isolated reaction condition, and there was no
communication among wells.

Furthermore, we demonstrated that the SlipChip containing 384 wells, which can be
preloaded with up to 384 different pairs of primers, can be applied for high-throughput
multiplex PCR. This chip was designed analogously to the 40-well SlipChip shown in
Figure 1. The top plate contained the fluid inlet, square wells (side length of 420 μm, depth
of 70 μm) and rectangular wells (length of 320 μm, width of 200 μm, depth of 70 μm). The
bottom plate contained circular wells (diameter of 340 μm, depth of 30 μm) and the ducts for
introduction of the sample (width of 200 μm, depth of 30 μm). The dimension of each plate
was 7.6 cm by 2.6 cm by 0.07cm. The volume of solution in each compartment was
estimated to be 7 nL. In this paper, we tested this platform in the context of 16 different
pathogens that are commonly present in blood infections by using 20 different primer pairs
preloaded on the SlipChip. Primer sequences were selected from previous publications
(Supporting Information Table S1), and the PCR master mixture was combined with cells at
a final concentration of approximately 106 cfu/mL. This guaranteed the presence of targeted
cells—106 cfu/mL corresponds to ∼7 cells per well. In parallel, we have demonstrated that
PCR on SlipChip is effective down to the single molecule level;37 while this sensitivity is
important for clinical studies that are likely to contain very few microbes, we did not pursue
it here. In this study, the SlipChip was divided into 28 independent regions, and a primer
pair for each pathogen was preloaded as 4 by 4 matrices to test the reproducibility of PCR
reactions (Figure 5B, regions A3-A7, B3-B7, C3-C7, D3-D7). Primers for pBad template
were preloaded in the two columns of wells at the edges of the SlipChip (Figure 5B, regions
A1, B1, C1, D1) as a positive internal control. A purified pBad 331 bp template (final
concentration 1 pg/uL) was added to the PCR master mixture before loading. This SlipChip
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design was loaded via dead-end filling.40 Two columns next to the wells containing primers
for pBad (Figure 5B, regions A2, B2, C2, D2) were left empty as a negative control for
cross-contamination. The position and name of the deposited primer pairs targeting each
pathogen are shown in Table 1, and the sequence of the deposited primer pairs are shown in
Supporting Information Table S1. A bright-field image of 384-well SlipChip after filling
with red dye and slipping was used to show the entire layout of the SlipChip design (Figure
5A).

The SlipChip PCR was able to identify cells robustly, as only the regions preloaded with the
appropriate primers showed a significant increase in fluorescent signal (Figure 5C-G). In all
experiments, the regions for positive controls (A1, B1, C1, D1) showed an increase in
fluorescent signal and regions for negative controls (A2, B2, C2, D2) did not. The SlipChip
was able to identify correctly MSSA (Figure 5C, nuc gene in region C3), MRSA (Figure 5D,
nuc gene in region C3 and mecA gene in region C7), Candida albicans (Figure 5E, calb
gene in region D5), P. aeruginosa (Figure 5F, vic gene in region B5 and Pseudomonas 16S
rRNA gene in region B7), and E. coli (Figure 5G, nlp gene in region A3).

Conclusion
This paper demonstrated a SlipChip platform for high-throughput multiplex PCR, with
robust performance and lack of false negatives, false positives and cross-contamination. We
used up to 384 nanoliter-scale reactions for multiplex PCR with a preloaded array of primer
pairs, and chips with larger numbers of wells are straightforward to create. The PCR
SlipChip can be loaded simply by pipetting, avoiding any requirements for complex
injection methods. It is not limited to testing a single sample, illustrated here by testing two
different samples simultaneously on a single preloaded SlipChip. The approach shown here
to prevent cross-contamination due to thermal expansion will be valuable in other
applications of the SlipChip that require changing of temperature- such as testing of protein
stability and protein-ligand interactions41-43- and applications that might operate under
widely different environmental temperatures, e.g. in field testing.

In addition to distinguishing a large number of different species in one experiment, the
SlipChip will also be capable of providing quantitative results, either by integrating real-
time imaging techniques for multiplex real-time PCR,44 or by using a large number of wells
for each primer pair to enable counting the number of all amplicon copies in one experiment
to perform multiplex digital PCR.15,45 The PCR SlipChip design can be modified to use the
primer pairs established in current PCR array technology, such as those sold by
SABiosciences,6 but with a much higher density, smaller size, and smaller reaction volume.
It can also adapt the current technologies of microarray printing, such as inkjet, microjet
deposition, and spotting technologies,46 to preload primers on the SlipChip.

The SlipChip encloses sample volumes in a layer of lubricating fluid, just as droplet-based
platforms do.47,48 As long as the surfaces of the devices are preferentially wetted by the
lubricating fluid, there is no need to incorporate additional control of the surface chemistry
of the device. Control of surface chemistry takes place at the interface between the aqueous
solution and the immiscible oil. This interfacial control is well-established for PCR,
routinely performed under oil, and can be extended to other applications with some
advantages provided by the fluorous lubricating fluids and fluorous amphiphiles,49,50 which
can be used for difficult tasks such as suppressing interfacial aggregation of amyloid beta
peptides.51

SlipChip-based PCR will be applicable to other situations requiring amplification of nucleic
acids, for example, high-throughput multiplex DNA amplification performed before
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sequencing.20 Simple handling of small volumes on the multiplex SlipChip will be
especially valuable for the analysis of cellular heterogeneity in a wide range of research and
diagnostics contexts.54-56 PCR on SlipChip will also be useful for the detection of medically
important bacterial infections,57 genetic diseases and genetic mutations,58,59 and food or
water contaminants.60,61 The current platform can also be adapted to perform reverse
transcription PCR for RNA amplification for RNA virus detection,62 study gene expression,
63 and investigate cellular heterogeneity.64 This SlipChip can also be used in other
applications that require preloaded arrays of reagents with multiplex and high throughput
capacity, temperature control, or changing temperature, such as protein crystallization,
30-32,34 testing of protein stability and protein-ligand interactions,41-43 heterogeneous
immunoassays,33 DNA hybridization,65 DNA-protein interaction,66 and chromatin
immuno-precipitation (ChIP).67 The SlipChip-based PCR method should enable
inexpensive diagnostics, as the SlipChip itself can be fabricated inexpensively and requires
no complex equipment or specialized knowledge to operate. When dried reagents are
preloaded onto the SlipChip, it is also easy to transport and store. If integrated with
isothermal amplification methods such as loop-mediated amplification (LAMP),68,69
recombinase polymerase amplification (RPA),70 nucleic acid sequence based amplification
(NASBA),71,72 transcription-mediated amplification (TMA),73,74 helicase-dependent
amplification (HAD),75,76 rolling-circle amplification (RCA),77,78 and strand-
displacement amplification (SDA),75, 79,80 and with simple readouts, the SlipChip should
also make nucleic acid testing available in resource-limited settings.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Assembly and operation of the preloaded multiplex PCR SlipChip. A) Schematic drawing
shows the PCR SlipChip after introducing two different samples (blue and green) and
slipping to combine the sample with the preloaded primers. B) A bright field image of the
experiment described in A) using food dyes instead of the samples. C) The top plate of the
PCR SlipChip contained square wells, rectangular wells, sample inlets, and outlets (outlets
not shown) and D) the bottom plate of the PCR SlipChip contained ducts for the samples
and preloaded circular wells with different PCR primers. E) The SlipChip was assembled
and the two plates were aligned such that the sample wells and sample ducts lined up to
form a continuous fluidic path. F) The sample, the PCR master mixture, was flowed through
the fluidic path to load the sample wells. G) The PCR SlipChip was slipped to align the
square sample wells with the circular primer wells. When the PCR mixture touched the
primer on the bottom of the primer well, the PCR primer dissolved in and mixed with the
reaction mixture. After the SlipChip was slipped, thermal cycling was performed. H)
Microphotograph shows the formation of droplets within the wells after the aqueous dye
(representing the PCR mixture) was slipped to contact wells containing oil.
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Figure 2.
Control of thermal expansion during thermocycling on SlipChip by changing well geometry.
A) Top and side view schematic drawings of a square well containing aqueous PCR reaction
mixture (red) and mineral oil (green). The square well was completely filled when aqueous
solution was introduced (left). After slipping to break the fluidic connections to other wells
(not shown here), the aqueous solution filled the square well completely (middle, low T),
and after an increase in temperature, the aqueous solution entered the gap between the two
plates of the SlipChip (right, high T). B) Top and side view schematic drawings of a shallow
circular well(bottom plate) containing oil (green) next to a deep square well (top plate) filled
with aqueous PCR reaction mixture (red) (left). After slipping, the aqueous solution would
form a droplet surrounded by mineral oil within the hydrophobic well due to the surface
tension (middle, low T). When the temperature was increased, the aqueous solution
expanded inside the reaction compartment and the mineral oil expanded and moved out of
the well through the gap between the top and bottom plates in the SlipChip, serving as a
buffer material (right, high T). C) Top view of fluorescent microphotographs from
experiments described as in B). Aqueous solution containing red quantum dots (red) in
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square well was slipped and overlaid with circular well containing mineral oil staining with
green quantum dots (green). An aqueous droplet was formed in hydrophobic well due to the
surface tension at 55 °C (left). After increase of temperature to 95 °C, the aqueous solution
expanded but still stayed inside the reaction compartment (right). No leakage of the aqueous
solution outside of the reaction compartment was observed.
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Figure 3.
PCR was successful and robust on the SlipChip platform. A) Microphotograph of wells
containing S. aureus (MSSA) gDNA showed significant increase of fluorescence intensity
after thermal cycling. B) Microphotograph of the control wells showed no increase of
fluorescence. C) Analysis of the fluorescence intensity of the wells containing template vs.
the control wells. The average fluorescent intensity of the wells containing template was
significantly higher than the control wells (p < 0.0001, n = 20). The fluorescent intensity of
the wells before thermal cycling was around 80 units. D) Gel electrophoresis of the DNA
amplified in the SlipChip. Column M contained the 100 bp DNA ladder, Column 1
contained sample recovered from wells loaded with template, and Column 2 contained
sample collected from control wells. Only one molecular weight of DNA (∼ 270 bp) was
found in wells containing template, and no DNA was found in control wells without
template.
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Figure 4.
No cross-contamination among adjacent wells was seen after PCR on the SlipChip. Primer
pairs for the nuc gene in S. aureus and the mecA gene in Methicillin-resistant S. aureus
(MRSA) were preloaded on the chip alternatively in the same row. PCR master mixture,
containing 100 pg/μL of S. aureus (MSSA) genomic DNA, was injected into the SlipChip.
A) Fluorescent microphotograph shows that only wells preloaded primers for the nuc gene
(left in each pair of wells) showed fluorescent signal corresponding to DNA amplification.
B) A line scan across the middle of the top row in (A) shows that fluorescence intensity of
wells loaded with nuc primers were more than 5 fold higher than that of the wells loaded
with mecA primers (p < 0.0001, n = 10) The blue dashed line in (B) represents the
fluorescence intensity before thermal cycling in the wells.
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Figure 5.
Detection of pathogens by PCR using panels of preloaded primers on the 384-well SlipChip.
A panel of 20 different primer pairs was preloaded onto the SlipChip to differentiate and
genotype 16 different pathogens, with one additional primer pair for a positive internal
control. A) Bright field image of the whole chip filled with red dye and slipped into position.
B) A schematic drawing of the 384-well SlipChip designed for high-throughput multiplex
PCR. Different colors indicate wells preloaded with different primer pairs (see Table 1). (C-
G) Fluorescence microphotographs showed that the SlipChip correctly identified and
genotyped different microbes by using PCR. In all experiments, regions for positive control
(pBad primer pair, A1, B1, C1, and D1) increased in fluorescence intensity while regions for
negative control (no primer pairs, A2, B2, C2, and D2) did not. All samples were loaded
with pBad 331 bp template as positive internal controls. Fluorescent images were stitched
after acquisition (See Experimental Section in Supporting Information). (C) When loaded
with MSSA, only region C3 (S. aureus nuc primer) showed increase of fluorescence
intensity; D) When loaded with MRSA, both regions C3 (S. aureus nuc primer) and C7
(MRSA mecA primer) showed increase of fluorescence intensity; E) When loaded with C.
albicans, region D5 (C. albicans calb primer) showed increase of fluorescence intensity; F)
When loaded with P. aeruginosa, regions B5 (P. aeruginosa vic primer) and B7
(Pseudomonas 16S rRNA primer) showed increase of fluorescence intensity; G) When
loaded with E. coli, region A3 (E. coli nlp primer) wells showed increase of fluorescence
intensity.
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Table 1

Position and name of pre-deposited primer pairs

Position Target gene for control/pathogen

A1-D1 pBad 333 bp ds DNA

A2-D2 empty

A3 Escherichia coli nlp4

A4 Streptococcus pyogenes fah4

A5 Streptococcus pyogenes OppA4

A6 Streptococcus pneumoniae cinASP4

A7 Streptococcus pneumoniae plySP4

B3 Enterococcus faecium bglB4

B4 Enterococcus faecalis ace4

B5 Pseudomonas aeruginosa vic52

B6 Streptococcus agalactiae cpsY4

B7 Pseudomonas 16S rRNA52

C3 Staphylococcus aureus nuc38

C4 Staphylococcus epidermidis agrC4

C5 Streptococcus mutans dltA4

C6 Proteus mirabilis aad4

C7 MRSA mecA39

D3 Candida tropicalis ctr53

D4 Candida glabrata cgl53

D5 Candida albicans calb53

D6 Klebsiella pneumoniae cim4

D7 Klebsiella pneumoniae acoA4
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