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Figure 2. Schematic showing the steps to alter the cholesterol levels in Drosophila S2 cells.

Cyclodextrins (methyl-p cyclodextrin) were used to reduce the concentration of cholesterol

in live cells, followed by addition of cholesterol (Chol-mBCD) to the growth medium to

restore cholesterol levels. In each cell population, integrin microclustering and lipid diffusion

were measured with FRET and FRAP, respectively.
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Figure 3. Graph of the amount of cholesterol measured per cell in three cell populations
(black) untreated cells before cholesterol reduction; (white) after reduction with mpCD to
extract cholesterol; and (dashed) after adding chol-mBCD to the growth medium to restore
cholesterol levels. Error bars represents three replicate experiments. Details of the cell lines

are found in the text.
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Figure 4. Graph of the amount of cholesterol measured per afV409D integrin expressing
cell after adding additional cholesterol to the growth medium. The basal concentration of

cholesterol in the growth medium is 45 puM. Error bars represents three replicate
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Supplementary Figure S1. Chromatogram of lipid extract from transformed Drosophila S2
cells. Traces represent lipid extract from cells and lipid extract spiked with a cholesterol
standard. Lipid extracts obtained with the Bligh-Dyer method, were analyzed using High
Performance Liquid Chromatography (HPLC) with a UV-Vis detector (Agilent, USA). A
reverse phase C-18 column (ZORBAX Eclipse XDB-C18, 4.6x150mm, 5 um) was used with
a flow rate of 1.0 ml/min. The absorbance was monitored at 205 nm wavelength. The mobile
phase solvents consisted of 3 % water and the remaining 97% consisted of

acetonitrile/methanol (50/50, v/v). 5 uL of the lipid extract was injected into the column.
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Supplementary Figure S2. Calibration curve obtained using an Amplex red assay and

cholesterol standards. Error bars represent three replicate experiments.
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Supplementary Figure S3. Example of FRAP curve showing the changes in fluorescence
intensity for the photobleached spot (triangles) on membrane of cells expressing wild-type
integrins. Carbocyanine DiD is used to dye the membrane. Initial four data points represent
pre-photobleached spot. Approximately 70% decrease in fluorescence intensity is observed
immediately after photobleaching. Over time the photobleached spot is repopulated with
unbleached DiD dye molecules and full recovery is begins within ~6 seconds of
photobleaching. The difference between recovered and the pre-bleached intensity shows a
~20% immobile fraction within the membrane. The experimental data was fitted to an
exponential curve. The dotted lines is plotted to obtain the time at which the 50% of the

recovery was achieved, which is used to calculate the diffusion coefficient.
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CHAPTER 4: GENERAL CONCLUSIONS AND FUTURE PROSPECTS

GENERAL CONCLUSIONS

Currently, few analytical techniques can measure nanoscale events in an in-vivo
environment leading to a better understanding of the organization of the cell membrane. The
work presented in this thesis describes how intracellular signaling events can be measured by
coupling the FRET and RNAI techniques. The ability to measure intracellular signaling
events opens the way to further investigate other signaling pathways using this approach.
Also, the dissertation describes how cholesterol sequestration is combined with FRET to
deduce the role of cholesterol in the cell signaling.

The second chapter focuses on combining FRET with RNAi to measure integrin
microclustering without altering the integrin dynamics. The data presented herein revealed
that four cytoplasmic proteins involved in connecting integrins with the actin cytoskeleton
also affect integrin microclustering when extracellular signaling events are minimal. The
results also indicated that afV409D mutant integrin is more sensitive to interactions linking
integrins to receptor tyrosine kinases (RTK) compared to wild-type integrins. For alpha
cytoplasmic mutation (canaf integrins), the data indicated no change in microclustering
when expression of all the cytoplasmic proteins except paxillin is reduced.

The data reported in chapter three elucidates the role of cholesterol in integrin
microclustering. This study reports the alterations in integrin microclustering in response to
cholesterol depletion and restoration. Quantitative changes in integrin microclustering and
lipid diffusion are measured when more than 40% membrane cholesterol is depleted. More

than 20% increase in lipid diffusion, at reduced cholesterol levels, was observed for the cells
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expressing wild-type or mutant integrins. Upon cholesterol depletion, maximum change in
lipid diffusion and energy transfer is observed for cells expressing afV409D integrins, which
have the highest ligand affinity of the three integrins studied here. The reversibility of the
process was assessed by reintroducing cholesterol in the cholesterol depleted cells. Both the
lipid diffusion and the integrin microclustering are restored in the cells expressing the
afV409D integrins, indicating the measured changes are cholesterol dependent. Because of
the limited uptake of cholesterol by S2 cells, measuring integrin microclustering under more
than normal cholesterol levels were not possible.
FUTURE PROSPECTS

The scope of the developed method described in this dissertation is not just limited to
measuring integrin microclustering under altered levels of cholesterol and cytoplasmic
proteins. The method demonstrated herein can be applied in many different combinations to
determine various factors that affect integrin microclustering.

Previous studies by Smith et al. showed the dependence of afV409D mutant integrin
microclustering on the presence of other membrane proteins.' In Chapter 2 (Figure 4) the
FRET results for apV409D mutant revealed that the receptor tyrosine kinase (RTK) can
possible affect integrin function. This FRET data can be used as a preliminary evidence to
target the RTK, using RNAi, and measure the subsequent changes in integrin
microclustering. Another membrane protein that can be studied is insulin like receptor (InR),
which has been previously shown to be associated with integrins and are natively expressed
in S2 cells.? A class of membrane proteins called tetraspanins is known to interact with the

alpha subunit of integrins and also forms web like complexes among themselves and with
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integrins.” Studying the integrin function under reduced expression of one or more

tetraspanins can provide useful insights into the interplay between integrins and tetraspanins.

The method can be further extended to observe the changes in integrin
microclustering under the simultaneous reduced expression of both the membrane proteins
and cytoplasmic proteins. Based on this thesis finding and a known previous relationship
between DOCK and RTK, valuable information can be obtained by targeting DOCK and
RTK simultaneously and measuring the V409D mutant integrin microclustering.

As an extension to the approach presented in this dissertation, coupling the three
techniques FRET assay, RNAI technique and cholesterol sequestration can unravel complex
interactions between the integrins and other cellular components. Additionally, a more
complex connection can be made between intracellular signaling events and extracellular
signaling events by performing the experiments in chapter 2 at high ligand density.

Integrins are not the only class of receptors that can be studied using the FRET
reporters. Other receptors can also be studied using appropriately designed FRET reporters.
A good choice will be an important class of receptors called EGFR.
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APPENDIX I: Statistical Analysis of FRET and FRAP data

Deepak Dibya and Emily A. Smith

In order to statistically analyze the skewed data, the data can be reduced by
transforming the data thereby reducing the skewness. The mathematical transformations that
can be applied to the data include square root, reciprocal, logarithm etc. If a transformation is
used, it is important to check whether the normal distribution of the data is achieved after the

transformation or not.

All the FRET and the FRAP data presented in this dissertation has been statistically
analyzed using the application JMP 7 (SAS Institute Inc, Cary, USA), with statistical
consulting through the Iowa State University Department of Statistics. An example of the

statistical analysis of the FRET data is presented in this appendix.
Open the JMP 7.0 program and follow the steps to statistically analyze the data.

1. File>New>Data table

B JMP (IOWA STATE UNIVERSITY-CAMPUS WIDE) - IMP Starter] - [IMP Starter]
File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help

B0 & B M2 2eMm2rP+BS5HO -

Click Category:  Opening and Creating Data Tables and Text

Windows. T % ||gasic e New Data Table Create a new Data Tabie, and display a5 & grid in a new window.

IMP Starter Model
Mulivariate P —
survival ) [ OpenDataTable | Open a P fie containing a data tabie, or import  from ancther fie.
Graph o
Surt B
i %) [Open Datsbase Table| connect to a Database.
Contral :
poe ¥ New Seript Write and edit text, including scrits.
Tables kS

SAS

I ;j @ Open a file containing text, a script for example.
ST e —
ﬂ @ i::‘me; new project used to group data, reports, Scripts, and reiated

g journaled JWP output
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2. Select Cols>Add New Column. The next window prompts to name the new
column and provide column characteristics. Ensure that the data type is set to

numeric and Modelingis continuous.

B IMP (IOWA STATE UNIVERSITY-CAMPUS WIDE) - [New Column] - [New Column]
B File Edit Tables Rows Cols DOE Anchze Graph Toels View Window Help

B S Bl (k7 deMmsPr L+ BSSH O Untdn -
New column in Untited 22-
Column Name L tock

Windows > 8 DataType  |numeric v Apply
IMP Start

CE ZZZ' Modeing Type | continuous

i) Untitles

| &) New Column Format Best | Width[ 1
Initzl Data Values | MissingfEmpty | Mumberofrows [

3. Double click on Column 1. Change the data type to character and

modeling type to Nominal.

E% IMP (IOWA STATE UNIVERSITY-CAMPUS WIDE) - [Untitled 12] - [Unfitled 12]
() File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help

E0EEEE R]?7 @4 MéPrL+BSH O Uniled2 -
S
Windows Tox
[#] 1MP starter
[ha) Untitled 12

Sort

Delete Columns

4. After assigning the modeling types to the columns, begin data analysis by pasting the
data in Column 2; one data set followed by the other. Column 1 contains the
information given by data in Column 2, where control and experiment are
represented by 0 and 1 in Column 1 respectively. The cells in the columns with dots

showing no data are not included when analyzing the data.
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[ue) File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help
DF IS % BB[R]? %4 ML L+ 8BS O] choldepletion_consolidated Sept2009  ~

= chol deplstion_consolidated 5 [ 4 = ANA O=control; | V409D; |CD2CV_0=c| WTlog |ANA_Log(+|V409D_Log| CD2CV
Windows v X = WT O=control; =chol | 1=trtmnt | 0=control; | ontrol_1=tr | (+0.00001) | 0.00001) | (+0.00001) | Log(+0.000
IMP Starter 0 0.00173844 |  0.096392132| 0.00766478 | 0.02040421| 5.3490313 -2.3330223| -4.8698157| -3.891524
E chol depletinnimns 82 0 0.06982168 0.048407433 0.0186863 | 0.05516008 | -2.6616675| -3.0276953 | -3.9794296 | -2.8973345
8 0 0.001612661 0.003116502| 0.0073349 | 0.0059488 | £.4236879| 57678405 —4.9137491| -5.1228868
84 0 0.006158521 0.029953834 | 0.00089812 | 0.0164308 | -5.0881341| 35077642 -7.004134| —4.1049468
85 0 0.00444355|  0.012966029 | 0.06101905 | 0.05968958 | 5.4140537 | -4.3446515 | -2.7964053| -2.8184302
86 0 0.006773848|  0.006035851 | 002015539 0.00424033| 4.9932108| -5.108383 | -3.9037875| 5.4607577
87 0 0.008548011 0.097257778 | 0.01971881 | 0.00525987 | -4.7608875 | -2.3302875| -3.9256753 | -5.2457505
8 0 0.006882584|  0.010241407 | 0.0022401] 0.00339633 | 4.9773092 | 45803403 | 6.0967806 | 56821198
Columns (81} 89 0 0.100935871 0.001153886 | 0.03872061 | 0.08783406 | 2.2931708| 67559908 -3.251125| -2.3243803
90 0 0.146408217 1.00344508 0| 0.05265571| -1.9212883 | -5.8679097 | -11.512925 | -2.9437906
4l W d=control; 1=chol o1 0 0.029106308|  0.028015921 | 0.10093138] 0.00311072| -3.5364568 | 35746254 | -2.2032153| 57696928
il ANA O=control; 1=trimnt 92 0 0007491794 0| 006258123 | 0.00378152| -4.8926131| -11.512025 | 27714497 | 55740878
U =) £ 0 0006058542 0| 008577212 | 0.00314538 | 5.1046204 | 11512925 | -27214072 | -5.7586444

4 cD2cVv_0=control_1=trtmnt

e e 54 0 0.036228369 0| 0.06180649 | 0.04560885 | -3.3176092 | -11.512925| -27835851 | -3.0874103
“d ANA Log(+0.00001) 95 0 0 0.000704223 | 0.01466862 | 0.03327523 | 4.6401804 | 7.2443153 | 42213633 -3.4026417
4 V409D_Log(+0.00001) & %6 0 | 0.001328257 | 0.00281089 | 0.02172088 +| 56163873 | -5.8707028 [ -3.5280207
4 €Dz CV Logi+0.00001) 4= 97 0 0.023107183 | 030223851 | 0.09738798 | -37B71787 | -11965057 | -23289498
£ 0 0.099975509 | 0.03148018 | 0.01725836 [ -230273] -3.4580795 4.0588793
99 0 . 0.011425058 | 002281456 . *| 44710713 -3.7755456 .
100 0 0.040750178 | 0.03722305 . +| -3.2000407 | 32005585 .
101 0 | 0.083634241 | 002672081 . +| 24811827 | 36219384 .
102 0 0.027885445 | 013702235 . +| -3.5884873( -19875382 .
103 0 0.010159432 | 0.00323624 . +| 4.ses3689| -5.7302579 .
104 1 0.002277563 0.011365237 | 001838451 | 0.04668231| -6.0802662 | -4.4763165| -3.9951595| -3.0641758
(SRows) 105 1 0.114219997 0.07229385 | 0.04591578 | 0.00298981| -2.1695413 -2.6266779 | -3.0807267 | -5.809208
[=m ’ 106 1 0.033443656 0.003320427 | 018148425 | 0.05638084 | -3.3975842 | -5.564778 | 17064762 | -2.864B645
::gf;: ! 107 1 0| 0261970224 | 0.03946772 | 0.0137073 | -11.512925| -1.3394863 | -3.2320187 | -4.2890976
o u 108 1 0.001355686|  0.195524727 | 000258055 ] 0.02159548| 6.5960984 | -1.6320173| -5.9520339| -3.8348083
Labelled 0| 108 1 0.093054865 0.252541385 | 002168643 | 0.03330734 | -2.3744586 | -1.3761405| -3.8306077 | -3.4016773
10 1 0.005449641 0.001057739 | 0.03581892 | 0.01489835| 52103722 -6.842212| -3.3289999| -4.2058339
11 1 0.2348572|  0.000439047 | 0.00788903 | 0.02478584 | 1.448735| -7.708383 | —4.8410158| -3.6870753
12 1 0.001768696 | 0215997892 | 0.02941289 | 0.00221403 | 6.3329995 | -1.5324403 | -3.5259824 | -6.1084358
13 1 0.009221115|  0.004763729 | 001453563 0.0115805| 4.6851754 | 53446275 | —4.2304644 | —4.4575697
114 1 0 0.008268751 | 004543647 | 0.01292608 | -11.512625 | -4.7940632 | -3.0912202 | -4.3477351
vl = v \ 15 1 0] 0.008523354] 0.06419817 | 0.03030805 | 11512925 47637728 -2.7456243[ _3.4960121

5. The normal distribution of the data can be determined by using the menu function
Analyze>Distribution and selecting Column 1 as By and data columns as

Y, Columns.

JMP IOWA STATE UNIVE] MPUS WIDE) - [Di
%) File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help
DS A8 tm@d|[R)? &4 ™Mb P 2+ 89O | choldepletioncon

The distribution of values in each column

Select Columns—————— —Cast Selected Columns into Roles-

Y, Columns | | reguired

_lWT 0=control; 1=chol
all AnA D=control, 1=trtmnt
il v403D; 0=control; 1=trtmnt
4l cD2CVv_0=control_1=trtmnt
WT log (+0.00001)

ll Ana L og(+0.00001)
4lv409D_Log(+0.00001)
4l CD2 CV Log(+0.00001)

Action

0K

Windows ¥ x
IMP Starter
\Q chel depletion_cons
-[&)] Distribution

Weight | [
Freq |
[ By | |

6. The distribution function shows that the raw data is not normally distributed (Figure
I, Column 2) which means statistical tests like t-test cannot be utilized for data

analysis. The normal distribution was achieved by taking the natural log of the raw
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data (Figure 1, Column 3), and the means were compared using Welch’s #-test on the

transformed data.

T WP (VA STATE URIVERSITY-CAMPUS WDE] - [United 15 eaotion - Unialea 15- Dutoution] S NP (1OWA STATE UNVERSITY-CAMPUS WIDE) - [Uniiied 15- Dictnbution] - [Untmied 15- Dt
1 Fle Ese Tables Rows Cok DOE Anaze Graph Toos View Window Help 1) File Gdr Tables Rows Cols DOE Anshze Groph Took View Window Help
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Figure 1. Distribution of raw data (column 2) and log transformed data (column 3)

In order to perform t-test, select Analyze>Fit X by Y anduse Column 1 as X
factor and data sets as Y, Response. Click on the small red triangle at the

corner of the plot, then select UnEqual Variances
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8. This (as shown in figure below) presents the results of statistical analysis that can

now be used to interpret the data.

@ File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help

BheidE & & K7 @¢Mms PP +BESSH O] cho

¥~ Oneway Analysis of WT log (+0.00001) By Column 1

~ -3] T
Windows v ox E ] | !
o [#] IMP Starter g s :
= ] chol depletion_cons Z f' ,l_ !
: g 7 T
“..[E) chol depletion_c El :
E i
o H
104
114 R
=
0 1
Column 1
Missing Rows 8

¥| Tests that the Variances are Equal

3.0
4
2 20
=
B 10
0 T
] 1

Column 1

MeanAbsDif MeanAbsDif
Level Count StdDev toMean  toMedian

95  1.972423 1.549980 1.540897
1 124 2.382110 2281596 2257085

Test FRatio DFHum DFDen p-Value
O'Brien[.5] 11,6891 1 217 0.0008"
Brown-Forsythe 10.5816 1 217 00013
Levene 119971 1 217 0.0006*
Bartlett 14,6878 1 0.0001*
F Test 2-sided 2.1500 122 94 0.0001*

Welch Anova testing Means Equal, allowing Std Devs Not Equal
FRatio DFHum DFDen Prob > F
52353 1 21432 0.0231°
tTest
22881

The Welch #-test is a modification of the student #-test and does not assume equal
variances. Results of the Welch #-test are reported as p-values. A p-value of less than 0.05
suggests that the two means are different. Moreover, a p-value of more than 0.05 does not
indicate that the two means are same. It means that there is not enough statistical
evidence to show that the two means are different. Two means with a p-value of greater
than 0.05 can be statistically different if the sample size under analysis was too small or

the null hypothesis is really true. This would require advance statistical analysis of the

data.
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APPENDIX II: Expression, Purification and Estimation of Taq DNA

Polymerase

Deepak Dibya and Emily A. Smith

INTRODUCTION

Polymerase chain reaction (PCR) is a well known reaction invented by Kary Mullis in
1985 for the in-vitro amplification of DNA sequences. Figure below shows how this

technique can be utilized in making large number of copies of a gene from a template DNA.

4th eyele

wanted gene

=<_m| cycle <= Exponential amplification
/ —<=

= { 2ndcycle
\ — - 4 —]

Isteyele -eemnesnsoo-- 3 350h cycle

template DNA

P

- i
4 copics feopies  I6copies 32 copies 2 =68 billion copies

iAndy Vierstracte 1999)

Adapted from the homepage of Andy Vierstraete

There are several chemicals and enzymes required to complete the PCR. One of the
key components in duplicating DNA sequences in PCR is an enzyme called Taq polymerase.

This enzyme has been isolated previously and is widely used in PCR based applications. Taq



102

polymerase is a thermostable enzyme and can survive the temperature fluctuations involved
in PCR. The enzyme participates in a template directed syntheses of DNA fragments and

requires free Mg”" for its optimum functioning.

The protocol for making Taq polymerase is well developed and is routinely used in
academia and industry to express and purify the enzyme. Since commercial Taq polymerase

is expensive, Taq polymerase was prepared in Smith group at lowa State University

EXPERIMENTAL

Taq polymerase synthesis is a four step process. First, bacterial cell culture media is
prepared to grow DH5a E.coli cells that contains plasmid specific for Taq polymerase. The
second step involves the expression of Taq polymerase in the confluent cell culture by
chemical induction. This is followed by purification of the enzyme. Finally the efficacy of
the purified enzyme is validated by performing a PCR reaction and analyzing the PCR
products in on a agarose gel electrophoresis. Also, the efficiency of the enzyme is compared
with commercially available enzyme and an optimum amount of enzyme is estimated to

conduct future PCR reactions.

Preparation of terrific broth (media)

Taq polymerase was purified from DHS5a E.coli cells expressing the inserted plasmid

specific for Taq polymerase. The cells were grown in terrific broth media. To make terrific
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broth media,12 g bactotryptone, 24 g yeast extract and 4 mL glycerol were dissolved in 900
mL water and sterilized. To this sterilized solution, 100 mL sterile solution of 0.17 M
KH;PO4 and 0.72 M K,HPO, was added. Antibiotic used for pTaq was ampicillin.
Ampicillin was not added to the entire solution but to only that portion of the media that was

used for growing cells.

Expression of Taq polymerase

1.0 pL of 50 mg/mL ampicillin solution was added to 1.0 mL of the terrific broth
media. The media was inoculated with DHS5a E. coli cells and incubated overnight at 37°C.
100 pl of this culture was used to inoculate a fresh 1.0 mL culture media containing 1.0 pL
of 50 mg/mL ampicillin. It was then followed by incubation for 90 min at 37°C. This culture
was transferred to a 100 mL fresh culture media (pre-warmed to 37°C in an incubator)
containing 100 pL of 50 mg/mL ampicillin. The above culture was incubated at 37°C until an
OD600 of 0.3 and then induced with 25 pL of 2.0 M IPTG. The culture was again incubated
for 16 hours at 37°C and then centrifuged at 5000 rpm for 5 minutes to obtain a pellet of

cells.

Purification of Taq polymerase

The pellet obtained from the culture was resuspended in 3 mL of Buffer A (50 mM

Tris pH 7.9, 50 mM dextrose,1.0 mM EDTA, 4mg/mL lysosyme) and incubated for 15 min
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at room temperature. To this was added 3.0 mL of buffer B (10.0 mM Tris pH 7.0, 50 mM
KCl, 1.0 mM EDTA, 0.5% Tween20, 0.5% Noni P40) and the solution was incubated for 60
min at 75°C with shaking. It was followed by centrifugation at 10000 rpm for 10 minutes to
remove cell debris and denatured protein. The lysate was mixed with an equal volume of
storage buffer (50 mM Tris pH 8.0, 100 mM NaCl, 0.1 mM EDTA, 0.5 mM Dithiothreitol
(DTT) and 1% triton X-100) containing 50% glycerol. Equal volume of storage buffer
containing 75% glycerol was again added. The resulting solution contained Taq polymerase,

which was aliquoted and stored at -20°C.

RESULTS

Efficiency of the purified Taq polymerase (in-house) was verified by performing a
PCR reaction and analyzing the PCR products on a 1% agarose gel electrophoresis. Serial
dilution of the enzyme was used to establish an optimum volume of in-house Taq polymerase

to be used for future PCR reactions. The in-house Taq was also compared with the

Lanes

Figure 1. Gel electrophoresis of PCR products

Lane 1: Marker (ladder) lane

Lane 2-5: Higher to lower amounts of commercial Taq
Lane 6: Control (no Taq used in the PCR )

Lane 7-10: Higher to lower amounts of in-house Taq



105

commercially available Taq to estimate the amount of in-house Taq that will be needed for
conducting PCR reactions successfully in future. Figure above is an agarose gel
electrophoresis image showing the DNA fragments amplified by PCR using commercial Taq

(Takara, WI) and in-house Taq.
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APPENDIX III: Synthesis of double stranded RNA

Deepak Dibya and Emily A. Smith

INTRODUCTION

Double stranded RNA (dsRNA) was synthesized using the DNA sequences that
correspond to the proteins targeted in Chapter 2. In brief, DNA sequences from S2 genomic
DNA were amplified using polymerase chain reaction (PCR). The DNA amplicons were
used as templates for single-stranded RNA (ssRNA) syntheses using MEGASCRIPT T7
Transcription Kit (Ambion, Austin, TX). ssSRNA was purified by ethanol-precipitation,
followed by the formation of dSRNA. The concentration of ssSRNA was measured using UV-
Vis spectrophotometry. The dsRNA products were also analyzed with 1% agarose gel

electrophoresis.

The enzyme that catalyzes the formation of ssSRNA in the 5'— 3' direction is called
T7 RNA polymerase. T7 RNA polymerase is extremely promoter-specific and only
transcribes DNA cloned downstream of a T7 promoter region. The source of the enzyme is
the T7 bacteriophage, a virus that infects only bacteria, and has been found to have a very
low error rate. The molecular weight of this enzyme is 99kDa. In biotechnology applications,

T7 RNA polymerase is commonly used to transcribe a DNA template into a ssSRNA. The T7
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promoter sequence used in all the primers herein is TAATACGACTCACTATAGGG. This
T7 sequence was prefaced to every RNAIi probe (forward and reverse primer sequence) that
was used to target cytoplasmic proteins. Details of the RNAi probes used in synthesizing

dsRNA are given in Table 1.

Table 1. RNAi probes. The letters F an R in the parentheses denote forward and reverse
primers respectively.

Protein Probe ID Probe Length | Primer Sequence

Rhea (F) CGCCGATCCAGGTCAAC
HFA11300 507

Rhea (R) ATCATTTGCGGCTTAGTAGA

FAK (F) TGATTGAACCTTGCACCAAA
BKN21731 529

FAK (R) AACCAGGTCGACAAACGAAC

Paxillin (F) TGTGGGATTGGGTCGTAAAT
BKN29242 313

Paxillin (R) CCTTCTTTGATCACGAGGG

Vinculin (F) CTTCAGCACCCGGAAATC
HFA18728 513

Vinculin (R) GCGACCAGCGCTGATAA

Dreadlock (F) TGTACAGCTTCACGTCAAACAA
HFA00812 440

Dreadlock (R) AGTCTCACTGTCTCTGATGAG

Integrin linked kinase (F) GGTAAACGAGCATGGAAACAC
HFA11868 489

Integrin linked kinase(R) GAATTGCATGCTCCAATAATA

Steamer Duck (F) CTTCCAGGATGGGATATTC
HFA17070 269

Steamer Duck (R) CATAGCGGCCGGTAATCT

Further details of the RNAi probes such as efficiency and other target values are published

elsewhere and can be obtained from the online resources: http://flyrnai.org
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Concentration of DNA amplicons were estimated on a 1% agarose gel, using the intensity at
500bp of the ladder sequences. This concentration was used to estimate the amount of

amplicon to be used in the subsequent step of sSRNA synthesis.

ssRNA synthesis

Enzyme mixture and the DNA amplicons were thawed on ice. 10X buffer provided in
the kit was thawed at room temperature. The four nucleotides were thawed at room
temperature and then put on ice. Table 3 shows the reaction mixture for synthesizing ssSRNA
for a cytoplasmic protein. The strategies described here were used in synthesizing ssSRNA of
all the seven cytoplasmic proteins targeted, as described in chapter 2. In Table 3, the contents
in a 1.7 mL centrifuge tube were mixed by vortexing and combined in the order from top to

bottom. Total volume of the reaction was kept at 20 pL.

Table 3. The reaction mixture for the synthesis of ssRNA. Master mix is the solution
obtained by mixing equal amount of each of the nucleotides (U,A,G,C).

Reaction Cytoplasmic | Control
Components Proteins

Nucleotides 8 uL 8 uL
(from master mix)

10 X buffer 2 uL 2 uL
DNA amplicon 8 uL -
Enzyme (Ambion) | 2 uL 2 uL
water - 8 uL

Total Volume 20 uL 20 uL
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The reaction mixture was incubated in a dry bath (should contain water) at 37 °C for
6 hours to overnight. After incubation, the solution volume was brought to 300uL by adding
240 puL of sterile water and 40 uL of 3.0 M sodium acetate (pH 5.2). Then 700uL of 200
proof ethanol was added. The contents were mixed and the tubes were kept in the freezer for
at least 30 min and then centrifuged at the maximum speed (15,000 rpm) for 15 minutes at 4
°C. The supernatant was removed by decanting, followed by addition of 1 mL of 70% ice-
cold ethanol. Again, the tubes were centrifuged at maximum speed for 15 min at 4 °C and the
supernatant was removed. The resulting ssRNA pellet was resuspended in 50 pL of sterile
water. At this time, the ssSRNA is very susceptible to degradation; therefore the next steps

should be done in quick succession.

For the UV-Vis measurement, 2.0 pL of the above ethanol precipitated ssSRNA was
diluted by adding 2.0 pL of the ssRNA to 348 pL of sterile water. Prior to the UV-Vis
absorbance measurements, dsRNA was generated from the ssRNA by incubating the
remaining sSRNA solution (48 pL) in the dry bath at 65°C for 30 min. After 30 min the metal
holder containing the dsRNA centrifuge tube was taken out and allowed to cool at room
temperature. During 30 min of dsSRNA formation, absorbance measurements at 280 nm were
taken and the concentration of the ssRNA was obtained. dsRNA solution was then diluted
with sterile water to a final concentration of 1.0 pg/uL. This solution was analyzed on a 1%
agarose gel to ensure that the dsRNA contained the desired number of base pairs. The

dsRNA solution was stored at -20°C for future use.
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