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Abstract

We present a new methodology for generating a stepwise concentration gradient in a series

of micro-droplets by using monolithic micro valves that act as “faucets’ in micrometer-scale.

A distinct concentration gradient of a substrate was generated for the determination of the

kinetic parameters of two different enzymes using only ten picoliter-scale droplets. With a single
experiment on a chip, we obtained Ky and A4 values of matrix metalloproteinase 2 (MMP-2) and
matrix metalloproteinase 9 (MMP-9), and compared the catalytic competence of the two enzymes.
The present system and method are highly suitable for applications where the reagents or samples
are limited and precious.

Introduction

Chemical and biochemical reactions in pico/nanoliter-sized droplets have been studied
intensively during the past decadel. The droplet-based reactions offer a number of
advantages over conventional microliter or milliliter scale reactions. The reduction in
droplet volume enables rapid reactions due to extremely small heat capacity and shorter
diffusion distances®. The ability to conduct a large number of parallel reactions with
droplets is another advantage®8 in addition to confinement of reagents with distinct reaction
conditions, and isolation of droplets to avoid nonspecific binding of biomolecules to the
channel walls3: 2. To explore these advantages, different droplet formation methods have
been reported to achieve control over size, shape, and mono-dispersity of droplets? 3.9,

The flow-control droplet generation method, also known as T-junction method, is one of
the widely used methods* 814, In the flow-control method, two fluidic channels intersect
perpendicular to each other. Typically, a continuous phase flows through the horizontal
channel while immiscible dispersed phase flows through the vertical channel. When the
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dispersed phase comes inside the continuous phase channel, it starts forming droplets due to
competition between surface tension and shear forces!3. Another popular approach3: 15. 16
of droplet generation is flow- focusing where the dispersed phase enters into a co-flowing
continuous phase stream so as to produce droplets. Because both flow-control and flow-
focusing methods are based on shearing of the dispersed phase by the continuous phase,

the sizes of the droplets can be controlled by regulating flow speeds and the channel

widths or by changing the viscosity of each phase8: 1317, Both of the shear-stress based
methods of droplet generation, however, pose critical disadvantages of limiting the control of
individual droplets in terms of the size and frequency of droplet formation18. Consequently,
flexible control of the composition in each droplet reactor is challenging®. Lorenz et al'® and
Damean et al?0 independently reported concentration gradients in droplets with continuous
supply of reagents in fluidic channels through a tree-like channel structures?: 22, In these
cases, the extension of the concentration gradients is directly limited by the number of

the fluidic branches!® 20, Another unique approach by Du et al?3 used capillary tubes of

75 to 200 um in inner diameter to generate concentration gradients. Because this capillary
method needs a conventional external syringe pump to uptake different liquid samples

from the end of the capillary, there are intrinsic limitations in achieving high accuracy

of nanoliter or picoliter resolution. Moreover, this method is not free from preventing
complete cross-contamination because of the direct contact of the tip of the capillary to

the reagent reservoirs. With an ultrasonic actuator, several groups?* 25 showed ejection of
nanoliter volumes of samples for printing arrays of biomaterials. However, none of the above
referred methods demonstrated the creation of stepwise concentration gradient inside closed
microchannels in picoliter resolution.

Here, we demonstrate a new methodology to realize a distinct concentration gradient in
consecutive micro droplets by utilizing series of monolithic micro-valves25: 27, The present
method could be implemented with a simple pneumatic control system and it can easily
generate different droplet compositions by adjusting dispensing time of each reagent. To
show the potential of the present droplet system, a concentration gradient of a substrate is
generated for the evaluation of the catalytic competence of MMP-2 and MMP-9 in a single
experiment.

MATERIALS AND METHODS

Materials

Matrix metalloproteinases-2 (MMP-2), matrix metalloproteinases-9 (MMP-9)

and MMP substrate 111 (QXL™520-Pro-Leu-Gly-Cys-(Me)-His-Ala-D-Arg-Lys-(5-
carboxyfluorescein)-NH,) were used as a model system. MMP-2 and MMP-9 are considered
to play an important role in metastasis and are targets for drug development.28: 29 MMP-2
and MMP-9 were purchased from R&D Systems, Inc., and MMP substrate I11 was from
AnaSpec Inc. The MMP substrate 111 used for the present work is a specially designed

and commercially available peptide substrate. The substrate has an attached fluorophore,
5-carboxy-fluoresein-Pro- Leu-OH (FAM), on one end of the peptide substrate and a
quencher, QXL520, on the other end. Upon enzymatic cleavage of the peptide substrate, the
fluorescence of FAM is emitted, and the fluorescence signals are observed as an indicator
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of enzymatic reaction (Supplementary Figure S1). Stock solutions of 200 nM of MMP-2
and 9 in a reaction buffer (50 mM Tris, 10 mM CaCl,, 150 mM NacCl, 0.05% Brij-35, and
0.1% BSA at pH 7.5) were prepared. Immediately before use, the thawed stock solutions
were diluted with the reaction buffer solution. All the experiments were conducted at
room temperature (25 = 1.5 °C). During the on-chip experiments, mineral oil (Sigma Inc.,
product number M5904) was used as a continuous phase and no surfactant was used in the
microchannels.

Chip fabrication

The mask was designed using AutoCAD software (AutoDesk Inc., San Rafael, CA) and
printed on a transparent film at 20,000 dpi (CAD/Art Services, Inc., Bandon, OR). The
molds for the two layers, fluidic and control, were fabricated by a photolithographic
technique. At first, the positive photoresist (AZ P4620, AZ electronic materials) was spin-
coated onto a 4- inch silicon wafer. This was followed by UV exposure and development.
For reliable opening and closing of the valves, the photoresists for fluidic layer was rounded
by heating the mold at 130°C for 2 min.

The top thick fluidic layer of the chip was prepared by pouring uncured
polydimethylsiloxane (PDMS, GE RTV615; elastomer:crosslinker = 10:1) onto the fluidic
layer mold to achieve a thickness of 5 mm. The bottom control layer of the chip was
fabricated by spin-coating uncured PDMS (elastomer:crosslinker = 20:1) onto the control
layer mold at 3000 rpm for 1 min. The two layers were cured for 1 h (fluidic layer) and 45
min (control layer) at 80°C, respectively. The fluidic layer was peeled off from the mold, and
holes were punched for inlet/outlet ports to the flow channels through the thick layer with

a 19-gauge punch (Technical Innovations Inc., Brazoria, TX). The fluidic layer was aligned
over the control layer. The two layers were bonded by baking at 80 °C for 45 min. The
bonded layers were peeled off from the control layer mold, and holes were punched for inlet
ports to the control channels. Finally, the PDMS chip was placed on a pre-cleaned glass slide
(Fisher Scientific Pittsburgh, PA) and kept it in an oven at 80 °C for 18 h to advance curing.

Labview based pneumatic control

The pneumatic control of each valve was carried out with eight-channel manifolds (Fluidigm
Corp.). The source of driving pressure was pressurized nitrogen gas. We used multiple
two-way splitters to connect each dispensed channels to the manifolds. The gas pressure was
finely attenuated by using a regulator (Alicat Scientific, Inc., Model- LSPM). We mounted

a digital 1/0 card (NI PCI-6533 (DIO-32HS), National Instruments) in the computer to
digitally control the switching of each channel of the manifold. For the accurate control of
the droplet generation process, a custom-built LabVIEW (National Instruments) program
was used for sending the appropriate signal with predetermined dispensing time, and the
corresponding droplet volume was calculated from our predictive model published before?”.
Preliminary experiments were conducted to establish the relation between the dispensing
time and the corresponding droplet volumes at the start of each experiment.
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Image acquisition and processing

A series of fluorescence images of the enzyme reactions were acquired with a modified
biochip reader (arrayWoRx®, Applied Precision, WA). All fluorescence images shown

in Figure 3a and b were digitized and analyzed by using the time series analyzer of
ImageJ software (NIH, USA). 5-FAM (5-carboxyfluorescein) droplets were generated of
concentration range, 0.3 uM to 1.5 uM with the increment of 0.3 uM, and measured the
fluorescent intensities by collecting fluorescence images. During the measurement, it was
observed that 0.7% of the fluorescent intensity was decreased due to photobleaching of
the fluorescent molecule during each fluorescence scan (Figure S7 of the supplementary
materials). The loss of fluorescent intensities was compensated=?,

RESULTS AND DISCUSSION

Droplet generation and concentration gradient

The system to generate picoliter-scale droplets consists of a continuous phase channel that

is running left to right and dispensing channels which are perpendicular to the continuous
phase channel (Figure 1a, b). The distinct difference between the present system and other
analog or low concentration gradient droplet systems# is the inclusion of a mechanical

valve as shown in Figure 1c, d. We positioned a set of microvalves at the end of the four
dispensing channels as shown in Figure 1b. Based on the functionality, the continuous

phase channel can be divided into three parts: dispensing area, mixing area and scanning
area. In the dispensing area, the picoliter-scale droplets were generated by the opening and
closing of the valves and the generated droplets were moved through the continuous phase
channel. For instance, by the operation of the valve of the first dispensing channel, we can
generate a droplet of buffer. This droplet moves forward due to the flow of continuous phase.
When the buffer droplet approaches the second dispensing channel, the second droplet of

a substrate is ejected and merged to the buffer droplet. A schematic explanation of the
processes of conducting enzymatic reactions with generating and merging picoliter-scale
droplets is depicted in Figures 1d-I to V. The enzymatic reactions consist of MMP-2 and
MMP-9 enzymes, and MMP substrate I11. For the sake of simplicity, we have explained only
one reaction with MMP-2 and MMP substrate I11. Firstly, the buffer droplet was ejected
from the buffer dispensing channel (Figure 1b-1). When the buffer droplet approached the
substrate dispensing channel, as a second step, the substrate droplet was ejected to form

a merged buffer-substrate droplet (Figure 1b-I1). In third step, the merged buffer-substrate
droplet was combined with the third droplet of enzyme after its ejection from the MMP-2
dispensing channel (Figure 1b-I11). The reagents inside the individual merged droplets were
mixed when flowing through the winding channel (Figure 1b-1V), known as the mixing area,
through the process of chaotic advection!. Due to mixing of enzyme and substrate in the
merged droplet, fluorescence from the droplet was intensified continuously (Figure 1b-V).
Finally, this increasing fluorescence intensity was detected by using the biochip reader at a
60-second interval. In parallel, the reaction for the MMP-9 enzyme and MMP substrate 111
was conducted by using the same procedure of five steps on the same chip.

We charted the relationship between droplet volumes from 30 pL to 150 pL and their
corresponding dispensing time that is equivalent to the valve opening time as shown in
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Figure 2a. This linear relationship between the valve opening time and the droplet volume
was confirmed for three sets of experiments with a standard deviation of 1.6% in the

droplet volume. These results confirm the accuracy and reproducibility of the present droplet
system.

Standard curve

To calibrate the velocity characterization of enzymatic reactions of MMP-2 and MMP-9
with MMP substrate 111, we generated a series of droplets having different concentrations

of fluorescent molecules, 5-carboxy-fluoresein-Pro-Leu-OH (FAM) on a chip and plotted a
standard curve (Figure 2b). The FAM emits fluorescent light at 520 nm, which is identical

to the wavelength of fluorescence emitted by the product of MMP-2 and 9 when MMP
substrate 111 is used. Internally quenched MMP substrate 111 does not emit any fluorescent
signal without enzymatic reaction. Thus, the increase in the fluorescence intensity can be
used to monitor the rate of catalytic reactions of MMP-2 and 9 when MMP substrate 111 is
used as a substrate. Figure 2b shows the scanned images of the five droplet microreactors
containing different concentrations of FAM. The concentration was varied linearly from 0

to 1.5 uM with an increment of 0.3 M. The changes in colors of the droplets indicate the
increasing fluorescence intensity of the droplets. We measured the intensity of the whole
area of each droplet to calculate the velocity of the enzyme reactions. We confirmed that the
intensities at the center of the droplets were higher compared to those at the edge of droplets.
We attribute this intensity variation in the droplet to the rounded shape of the fluidic channel
(Supplementary Figure S2). To prevent the non-specific binding of proteins and chemicals
on the channel walls®!, we added 0.1% of bovine serum albumin (BSA) which is widely
used as a blocking reagent32: 33 to the buffer. We also generated a standard curve of FAM for
conventional enzyme experiments by using a spectrophotometer (Supplementary Figure S3).

Determination of kinetic parameters

The accuracy of kinetic parameters such as Ky, and k. is affected by the enzyme
concentration3# 35 and its linear response to a range of substrate concentrations3®. To
determine the enzyme concentration suitable for the experiments, the substrate concentration
needs to be maintained high in order to avoid substrate depletion36 and to help an enzyme

to reach its saturation limit without falling short of substrate molecules3®. We varied the
enzyme concentrations using conventional methods from 0.5 to 35 nM for both MMP-2

and MMP-9 by keeping the MMP substrate 111 concentration high, 30 uM. We traced the
reaction velocities for 120 min. For MMP-2, with the substrate concentration at 30 M, we
observed linear velocity responses up to 11 min with 0.5 nM and 2.5 nM concentrations of
the enzymes. At higher concentrations, above 2.5 nM of the enzyme, we witnessed nonlinear
responses. Consequently, we used 2.5 nM of MMP-2 for the rest of the experiments.

For MMP-9, linear velocity was observed up to 11 min at 0.5 nM and 4 nM of the

enzyme concentration. Hence, we used 4 nM of MMP-9 for the rest of the experiments.
(Supplementary Figure S4). We used these enzyme concentrations hereafter. The difference
in the enzyme concentrations for MMP-2 and MMP-9 is due to different upper limit of
linear velocity responses3’—40, For enzymatic reactions inside the droplets on a chip, we
generated two sets of substrate concentration gradient from 3 to 15 uM by adjusting volume
of the buffer droplet and the substrate droplet. Then, 2.5 nM of MMP-2 was introduced for
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the first set of the five droplets and 4.0 nM of MMP-9 for the next five droplets. Detailed
information on volume of each component of the merged droplets is found in Table 1. The
fluorescent signals resulting from the enzymatic reaction of MMP-2 and MMP-9 inside

the droplet reactors were scanned for a period of 11 min using 1 min intervals (Figure

3a and 3b). These scanned images were digitized to obtain the fluorescence values of

each droplet. The digitized intensity values that represent the progress of the reactions are
plotted in Figure 3c and 3d. Although each droplet is scanned at shifted time points, the
scanning interval for each droplet is same (Supplementary Figure S5). Hence the initial
velocity of reaction in each droplet reactor was calculated from respective reaction progress
plots. In order to determine the Kinetic parameters, the initial velocities and substrate
concentrations were plotted with Lineweaver-Burk plots (Figure 4a and 4b). In the curve
fitting, the nonlinear regression analysis was used to find the Y- intercept (1/ Vinax) and

the X-intercept (=1/Kjpy). The half-maximal activity, Ky of MMP-2 and 9 determined from
three independent experiments were 17.3 £ 3.8 uM and 9.6 + 1.3 uM, respectively. The
calculated turnover number, A, of MMP-2 and 9 were 34.0 £ 4.5 /min and 15.9 £ 1.0 /min,
respectively. To validate our on-chip results, we also conducted conventional experiments
(Supplementary Figure S6). The Ky values of MMP-2 and 9 were 14.8 £ 1.8 uM and

8.1 £ 1.1 uM, respectively. The turnover number A4, from the conventional methods, of
MMP-2 and 9 were 32.3 + 2.3 /min and 14.1 + 0.9 /min. The deviations of Kj,and k4 from
our droplet and conventional experiments were 16.9% and 5.3% for MMP-2 and 8.5% and
12.8% for MMP-9. The deviations are acceptable for enzymatic reactions because enzymes
are biological samples with variable properties and the experimental errors involved in the
kinetic measurements of enzymes could never be completely eliminatedL.

Evaluation of catalytic competence

The evaluation of catalytic competence of multiple enzymes consists of reactions with
substrate concentration gradients under uniform experimental conditions*2. Ideally, for
keeping the experimental conditions uniform, the reactions needs to be conducted in parallel
under the same experimental conditions. The ability of the present system to generate
substrate concentration gradient in parallel architecture makes it possible for the direct
evaluation of catalytic competence. For this evaluation, the catalytic efficiency, Agat/ Kv is
one of the commonly used second order rate constants*3. From the on-chip experiments, the
calculated values of A/ Ky for MMP-2 and 9 were 2.0 + 0.5 and 1.7 + 0.2 pM~Imin1,
respectively. The values of A,/ Ky using conventional methods were found to be 2.2 + 0.3
uM~Imin~1 for MMP-2 and 1.7 + 0.3 uM~Imin~1 for MMP-9 (Table 2). The difference
between on-chip values and conventional values of A/ Ky for MMP-2 and MMP-9

were 9.5 and 0.0 %, respectively. Because the catalytic efficiency is the ratio of kinetic
parameters, its variation depends on the variation of individual values of Ky and kg 3> 3.
Therefore, the deviation in A/ Ky of MMP-2 could be attributed to the aforementioned
large variation in K.

Throughout the literature of enzyme kinetics#4~46 scientists use A4/ K for reporting the
catalytic competence of an enzyme. However, it has been proven that the A,/ Ky alone

is an incomplete measure for the evaluation of catalytic competence because it is valid

only for substrate concentration, [S], approaching zero#’: 48, To circumvent the limitation of
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keatl Knm, We have used another parameter known as efficiency function, £z The efficiency
function is also known as practical catalytic efficiency as it takes into consideration the
variation of catalytic efficiency with the change in substrate concentration®: 48, However, to
use Eras the parameter for the evaluation of catalytic competence, similar physiological
experimental conditions, such as precise concentration gradient for multiple reagents,

need to be maintained for all the reactions*2 47, This is quite difficult in conventional
experiments. However, with the present system, parallel reactions under identical conditions
can be realized by only changing the target enzymes. We determined the values of Egfor
both MMP-2 and MMP-9 with variable substrate concentration. As shown in Figure 4c,

for the substrate concentrations ranging from 3 to 15 uM, higher values of £¢for MMP-2
were found in comparison to MMP-9. This indicates that, MMP-2 is more effective enzyme
than MMP-9 when reacting with MMP substrate 111 under identical experimental conditions.
The results were confirmed by performing off-chip experiments (See Figure S6). Due to the
capability of the simultaneous evaluation of competing enzymes, our microfluidic system
would be a unique enzyme screening tool for pharmaceutical*® 0 and biotechnology®1: 52
field.

Stepwise concentration gradient

The uniqueness of our system lies in its ability to generate multiple droplet reactors having
different concentrations of reagents without increasing the complexity of the system. The
general formulation of concentration of a reagent in A" droplet could be given as

vk .

K
Z o Cie  wherei=1.2,..Iandk=1.2....K
- (V +vkt )

Here, /and kare identification numbers for the droplet and the required concentration
gradient number, respectively; /, Kindicate the corresponding total number of droplets and
total number of concentration gradients required. In the present case, /=5to accommodate
five droplets with different concentration of substrate and K=1 because only concentration
gradient of substrate was created. In the present system, the independent droplets of

enzyme, substrate and buffer are designated as sub-droplets. Here, the term ¥¥ signifies

that, we have a control over the volume of individual sub-droplet and, hence, can create
concentration gradient in the consecutive droplets. Thus, we can conduct multiple, parallel,
and combinatorial reactions that are difficult to conduct with existing channel-based32: 53
or other droplet-based systems* 24, The concentration gradient can be expanded beyond
1:10,000 though we showed the gradient of 1:5 with MMP substrate 111 in the present
manuscript. The smallest volume of a droplet we generated with the current method was
0.014 pL27 and the largest volume was 150 pL. By combining these two droplets of 0.014
pL and 150 pL volumes, the dilution ratio of 1 to 10,714 could be achieved.

One exciting potential application opened up by the presented method is the possibility
of determining target potency and selectivity®®, using only a few picoliter-scale droplets
in a single experiment. In addition, it could also open the window for generating the

concentration-response plots of multiple proteins or drug candidates when the reactions
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under the same conditions are performed in parallel. In practice, the concentration-response
experiments are commonly performed by inhibitor titration experiments using microwell
plates®8 with millilitre scale drug samples. These experiments could be realized by adding
dispensing channels to the present droplet system and by generating “/7 picoliter-scale
droplets for each drug candidate besides the two droplets for positive and negative

control of the experiment. The ‘7 droplets for each drug are used for varying the
concentration of inhibitor and to measure the velocity of the inhibited reaction. The droplet
for positive control is without inhibitor while the droplet for negative control is with
saturating concentration of inhibitor. The velocities obtained from ‘7" droplets are used for
constructing concentration-response plots and for determining the 1Csq values of the target
drug candidate.

Another potential application of the present system could be envisioned for the screening
of whole cell assays®’: 58, During the compartmentalization process, a single cell could be
entrapped inside the droplet and later a number of cells could be grown from a single cell
for the subsequent drug screening. Next, the cell-containing droplet is merged with other
droplets for generating stepwise concentration gradients of a drug candidate, for example.
The fate of the cells, live or dead, or the growth of cells could be tracked by direct
observations under a microscope or other optical or electrochemical detection methods. The
unique advantage of our system includes its ability to conduct an almost unlimited number
of reactions with many chemicals or proteins in parallel with a single cell resolution. To
adopt this method for the realization of such high throughput screening for comparative
assays, the number of parallel dispensing channels could be increased depending on the
required number of reagents. Therefore, the present system could be an ideal platform for
the drug screening research as mentioned above.

Two practical issues need to be tackled for improving the performance and the application
range of the present system. First is the improvement of scan rate and resolution of
continuous fluorescence scanning of the droplets. This issue could be addressed by
integrating the present device with light emitting diode (LED) based illumination systems
and complementary metal oxide semiconductor (CMOS) based diode array for detection.
In addition, recently developed wide field lens-free-microscopes®® 60 could also be
incorporated with the present droplet system for broadening the application range. The
second issue is the generation of femto or atto-liter scale droplets. Although we have
reported a picoliter-scale concentration gradient, the present droplet generation method
could be used to generate volumes in femto-liter scale through redesign of the chip.

CONCLUSION

In conclusion, the stepwise concentration gradient of reagents was created in ten picoliter-
scale droplets for conducting two parallel reactions of enzymes. The simultaneous
enzymatic reactions of MMP-2 and MMP-9 were performed in droplet microreactors with
MMP substrate 111. Five droplets having different compositions of the buffer and the
substrate were precisely generated with different ratios of 1.5, 2:4, 3:3, 4:2, 5:1, and 6:0

of the buffer and the substrate. Although the volume ratios of the buffer and the substrate in
the droplets were varied, the volumes of the two enzymes were kept constant in the droplet
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reactors. Two parallel reactions with only five picoliter-scale droplets for each enzyme were
performed. Increase in the fluorescence of each droplet reactors after merging the three
components, the buffer, the substrate, and the enzymes was observed. From the scanned
images of the droplets, the kinetic parameters of Ky and kgt of MMP-2 and MMP-9 were
determined. The kinetic parameters were used to calculate efficiency function, £ and based
on Ervalues the catalytic competence of the two enzymes was successfully compared. Our
system could be used for conducting kinetic analysis and catalytic competence evaluation
of a vast number of other enzymes for laboratory research and industrial applications with
its flexibility in generating different concentration gradients beyond 1:10,000 with different
compositions of reagents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Concentration gradients in droplet reactors. (a) Design of the microfluidic system. Blue

and red colors indicate fluidic channels and control channels, respectively. (b) Step-by-step
generation of droplets, I to V, with different compositions (See text for explanation).

(c) Gradient generation with other flow-based systems. (d) Gradient generation with the
present system. Reagent 1 (MMP substrate I11), dilution buffer, and reagent 2 (MMP-2 or
MMP-9) were fed in the form of droplets through the vertical dispensing channels that were
controlled by micro valves.
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Figure 2.
(a) Dispensing time vs. volume of droplets. (b) Standard curve of the fluorescent intensity

vs. FAM concentration. Scanned images show fluorescence of the micro-droplets for
corresponding concentrations of FAM.
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Figure 3.
(a) and (b) Series of scanned images of the droplet microreactors for the enzymatic reactions

of MMP-2 and MMP-9 with MMP substrate I11. (¢) and (d) Fluorescent intensity of droplet
reactors during enzymatic reactions of MMP-2 and MMP-9 with MMP substrate 111.
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Figure 4.
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(a) and (b) Lineweaver-Burk plots of MMP-2 and MMP-9. (c) Variation of the efficiency

function (£p for MMP-2 and MMP-9.
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Table 2

Comparison of kinetic parameters of MMP-2 and MMP-9 for enzymatic reaction with MMP substrate I11.

MMP-2 MMP-9

Kinetic parameters
On-chip  Off-chip  On-chip  Off-chip

K(M) 173+£38 148+18 96+13 81%11

ke (minY) 340+45 323+23 159+10 141+09

Kkl Ky(EM™Imin™h)  20+05 22403 1.7+02 1.7+03
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