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Generation of RP Variant Clones for Y2H Studies

1. Introduction

1.1. What are ribosomes?

Protein synthesis is a vital part of a cell’s housekeeping function and takes up a
major portion of the cell’s GTP pool[1,2]. Being such an energy-intensive process,
the protein synthesis is carried out by specific macromolecular machinery called
ribosomes and assisted by the transfer RNA (tRNA). The ribosome is an ancient
protein making machine made up of ribosomal proteins (RP) and ribosomal RNA
(rRNA). These ribosomal proteins are traditionally considered to be highly conserved
across species and have very low evolution rates
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Figure 1: Crystal structures of the two subunits[3]

The ribosome is made up of 2 subunits: the 60S large subunit and the 40S small
subunit in eukaryotes or the 50S Large subunit and 30S small subunit in

prokaryotes.
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In eukaryotes, the large subunit consists of 47 ribosomal proteins (denoted by RPL
in yeast and L in humans), 28S rRNA, 5.8S rRNA, and 5S rRNA while the small
subunit consists of 32 ribosomal proteins (denoted by RPS in yeast and S in
humans), and 18s rRNA.

In prokaryotes, the large subunit consists of 33 ribosomal proteins, 23S rRNA, and
5S rRNA while the small subunit consists of 20 ribosomal proteins and 16s rRNA.

The 18S rRNA in eukaryotes and its homolog in prokaryotes, the 16S rRNA is
flanked by highly conserved sequences making them very useful for phylogenic
studies

Within a eukaryotic cell, ribosomes are found as free-floating subunits in the
cytoplasm or attached to the endoplasmic reticulum. The translation of mRNA into
proteins happens here in the cytoplasm. It consists of four steps:

Initiation

When a 5’ capped mRNA is exported out of the nucleus for translation, the small
subunit is bound to the mRNA by some initiation factors and scans for the start
codon AUG.

Elongation

Once the start codon is identified, the large subunit is recruited and the elongation of
the protein begins. There are 3 sites in the ribosomal complex important of
elongation: A-site (aminoacyl site) the first site where the incoming tRNA and
aminoacid arrive, the P-site (peptidyl site) where the elongating protein is presently
attached to the tRNA of the last amino acid and the E-site (exit site) where the tRNA
detaches from the complex.

Termination
Once a stop codon is reached, the protein detaches from the P-site, and the
translation is terminated.

Recycling
After termination, the ribosome complex breaks up into its subunits and the process
is repeated
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Figure 2: Ribosomal shift during translation[4]

According to the central dogma of life, the sole purpose of the ribosome is the
translation of mMRNA transcripts into proteins. It is not considered to have any
regulation by itself on what transcripts are being translated either. However,
emerging studies suggest a greater role for the ribosomal proteins. Using
Saccharomyces cerevisiae as a model we can investigate these extraribosomal
functions of the ribosomal proteins.

1.2. Why Saccharomyces cerevisiae?

Saccharomyces cerevisiae is a species of yeast that is commonly used in brewing
and baking. It is a single-cell eukaryote with a doubling time of 90 minutes. Naturally,
there are 38 strains of S.cerevisiae found across the world all of which have been
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sequenced and are publicly available[5]. It's also easy to genetically manipulate and
overall is a great model organism to study eukaryotic genes.
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Figure 3: Neighbour-joining tree of all S. cerevisiae strains and their places of
origin[5]

Being a eukaryote, S. cerevisiae has many homologous proteins with other
eukaryotes. They share similar sequences and indicate common ancestry.
Investigation of these proteins can lead to insights on their homologs and their
function in higher eukaryotes like humans.

Unlike most eukaryotes, due to a whole-genome duplication event, most ribosomal
proteins in S. cerevisiae have paralogs, nearly identical sequences present in
different chromosomes|[6]. As a consequence, there are a total of 132 ribosomal
proteins in S.cerevisiae; 76 RPLs and 56 RPSs
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List of all RPLs

List of all RPSs

RPLO1A RPL15A RPL28 RPL43B RPS00A RPS15 RPS28B
RPLO1B RPL15B RPL29 RPS00B RPS16A RPS29A
RPLO2A RPL16A RPL30 RPSO1A RPS16B RPS29B
RPLO2B RPL16B RPL31A RPS01B RPS17A RPS30A
RPLO3 RPL17A RPL31B RPS02 RPS17B RPS30B
RPLO4A RPL17B RPL32 RPS03 RPS18A RPS31
RPLO4B RPL18A RPL33A RPS04A RPS18B
RPLO5 RPL18B RPL33B RPS04B RPS19A
RPLOGA RPL19A RPL34A RPS05 RPS19B
RPLO6B RPL19B RPL34B RPSO06A RPS20
RPLO7A RPL20A RPL35A RPS06B RPS21A
RPLO7B RPL20B RPL35B RPSO7A RPS21B
RPLOSA RPL21A RPL36A RPS07B RPS22A
RPLO8B RPL21B RPL36B RPSO08A RPS22B
RPLO9A RPL22A RPL37A RPS08B RPS23A
RPL09B RPL22B RPL37B RPS09A RPS23B
RPL10 RPL23A RPL38 RPS09B RPS24A
RPL11A RPL23B RPL39 RPS10A RPS24B
RPL11B RPL24A RPL40A RPS10B RPS25A
RPL12A RPL24B RPL40B RPS11A RPS25B
RPL12B RPL25 RPL41A RPS11B RPS26A
RPL13A RPL26A RPL41B RPS12 RPS26B
RPL13B RPL26B RPL42A RPS13 RPS27A
RPL14A RPL27A RPL42B RPS14A RPS27B
RPL14B RPL27B RPL43A RPS14B RPS28A

1.3. The motivation of the study

Table 1: List of all ribosomal proteins in S. cerevisiae

In a reanalysis of data from a previous study[7], it was observed that when strains of
yeast whose ribosomal proteins were deleted were grown in different conditions,
they show a huge phenotypic variance in growth (unit: replicative lifespan) (figure

4)[8].
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Figure 4: Phenotypic variability of yeast RP genes: Heat map showing hierarchical
clustering of normalized growth of yeast strains for 68 single deletions of RP genes

in 26 environments. The red arrow indicates YPD (rich medium)[8]

The X-axis of the heat map (figure 4) records the 26 different environments and the

Y-axis shows the ribosomal protein deleted. The heat map shows the normalized
growth of the deletion strain in a certain medium. As we can see (in figure 4) some

deletion strains grow better across all environments, some show worse growth and

most of them vary depending on the growth condition.
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Recent studies also provide evidence of some extra ribosomal activity of the
ribosomal proteins like cell development[9—-13], ribosome assembly, [14-16],
selection of mMRNA for translation[17], cell signaling[18] as well as possible
involvement in diseases like Diamond-Blackfan anemia[18,19] to name a few. All this
evidence poses an intriguing question: How do the ribosomal proteins exhibit their
extra ribosomal functions?

Although most of the studies are performed on deletion strains, in nature most
variation occurs through coding and non-coding variants of the protein. While
non-coding variants have a more regulatory effect[20], coding variants can alter the
final protein giving us functional variants. This leads us to question: Do the ribosomal
proteins have functional coding variants? Can the function difference be studied by
identifying the interacting partners of the ribosomal proteins?

1.4. Objectives

e Search the existing Saccharomyces Genome Database (SGD) and
identifying in naturally existing non-synonymous variant alleles of RP genes
across all 38 strains in the Saccharomyces Genome Resequencing Project
database (SGRP)

e Isolate and amplify the genes of interest

e Clone the amplified genes of interest into pPDONR223 vectors to generate a
library of pENTR vectors

e Conduct yeast 2 hybrid studies using the RP genes as baits and the 5000
yeast proteins as preys and generate the list of allele-specific interacting
partners for all RPs

11
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2. Identification of Naturally Occurring Ribosomal Protein
Variants

2.1. Introduction

There are 38 identified strains of Saccharomyces cerevisiae, from the
Saccharomyces Genome Resequencing Project database[5]. These strains, over the
years, have grown in different environments and accumulated different mutations. A
small portion of these mutations is present in the ribosomal proteins. Since these
mutations appear naturally in different strains, there is a reasonable possibility that
these variable alleles confer some benefit to the stain with respect to its native
environment over other strains. While both synonymous and non-synonymous
variants are known to have an effect of the proteome, synonymous variants don't
change the final ribosomal protein, thereby making its effect indirect, limited to the
synthesis of the ribosomal proteins. Non-synonymous variants, however, provide a
more viable opportunity for the ribosomal protein to affect the proteome actively by
potentially altering key interaction of the ribosomal protein with other proteins in the
cell.

2.2. Database

The Saccharomyces Genome Database (SGD)[21] is a community resource for
studying the budding yeast Saccharomyces cerevisiae. The SGD project provides a
piece of encyclopedic information on the yeast genome and its genes, proteins, and
encoded features. Along with these, peer-reviewed literature of experimental results
of functions and interactions is also available. All this data is provided through Locus
Summary pages, a powerful query engine, and a rich genome browser. The SGD
resource provides the gold standard for functional description of budding yeast and a
platform from which to research related genes and pathways in higher organisms.

The Saccharomyces Genome Resequencing Project (SGRP)[11] is a collaborative
project to explore the genetic and phenotypic diversity of Saccharomyces. The goal
of the project was to advance our understanding of genetic variation and evolution by
analyzing sequences from multiple strains of the two Saccharomyces species,
S.cerevisiae and S.paradoxus.The project sequenced haploids of 37 cerevisiae
strains and 27 paradoxus strains. The sequence data has been aligned to the
respective reference genome sequences. We use the blast server supplemented by
this data to get the RP gene sequences across the varied strains.

12
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Translation of the genomic sequences is done using the online resource, EMBOSS
Transeq[22]. For alignment of the various sequences, we used the online resource,
Clustal Omega by EMBL[23]

2.3. Procedure

1.

The sequence of the gene of interest is obtained from SGD. In case of the
presence of intronic regions, the coding sequence is taken i.e. only exons
(figure 5)

The sequence is BLASTed in the SGRP blast server to obtain the gene
sequence in all the S.cerevisiae strains(figure 6). If the gene is present in the
non-sense strand of the DNA, the reverse complement is taken

The sequences are translated using Transeq. In case the sequence doesn’t
start from the beginning of the gene, the translation frame is adjusted
accordingly

The translated sequences are aligned using the online multiple sequence
alignment tool, Clustal Omega and the screened for variant amino acids

The variant amino acid along with the corresponding variant nucleotide, their
positions wrt the start codon, and strains exhibiting the variant are listed

13
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Request K11.chroz 99.63 1089 4 0 1 1089 291150 292238 0.0 2127
Request UWOPS87_2421.chr02 99.54 1089 5 1] 1 1089 304652 305740 0.0 2119
Request UWOPS05_227_2.chr02 99.54 1089 5 0 1 1089 285351 286439 0.0 2119
Reguest UWOPS05_217_3.chr02 99.54 1089 5 0 1 1089 285297 286385 0.0 2119
Request UWOPS03_461_4d.chr02 99.54 1089 o ] 1 1089 285594 286682 0.0 2119
Request DBVPG6040.chro2 99.54 1089 5 0 1 1089 2901343 292431 0.0 2119
Request K1l.chrO4 99.44 1079 3 0 1 1079 488430 487508 0.0 2091
Request ¥59.chr04 99.35 1079 7 0 1 1079 489049 490127 0.0 2083
Request ¥54.chrod 99.35 1079 7 0 1 1079 483436 484514 0.0 2083
Request ¥9.chro4 099.35 1079 2. o 1 1079 488900 489978 0.0 2083
Request UWOPS87_2421.chr04 99.35 1079 Z o 1 1079 490420 491498 0.0 2083
Request NCYC361.chr04 99.35 1079 7 0 1 1079 489517 490595 0.0 2083
Request L_1528.chr04 99.35 1079 * 0 1 1079 481648 482726 0.0 2083
Request DBVPG6765.chrod 99.35 1079 7 o 1 1079 481441 482519 0.0 2083
Request DBVPG1788.chrod4 99.35 1079 7. o 1 1079 476776 477854 0.0 2083
Request BC187.chro4 99.35 1079 7 0 1 1079 477889 478967 0.0 2083
Request YIM381.chrod 99.26 1079 8 0 1 1079 483054 484132 0.0 2076
e P e e e = = = e e i e e

Figure 6: Screenshot of the BLAST search of the RPL4A sequence on the SGRP
server[24]


https://paperpile.com/c/zjveu4/jmVK

2.4. Results

Of the 132 RP genes present in S.cerevisiae, 53 show at least one non-synonymous

variant in at least one strain. A total of 81 variants were observed

Gene Variant Gene Variant Gene Variant Gene Variant
RPL0O2A S53G RPL09B Q121K RPL18A V117A RPL36B 181T
RPLO4A S168A RPL10 1148V RPL18A S172F RPL37B A33T
RPLO4A A256T RPL10 R183K RPL18B T51A RPS00B G66A
RPL04B V19A RPL12A V49A RPL19A T12A RPS01B V168I
RPL04B A356T RPL13A L150P RPL21B V111A RPS04B 176V

RPL0O5 E238D RPL13A G161D RPL21B K146N RPS06B 16F
RPLO5 V292A RPL14A AB7P RPL22B V46A RPS07B Q122H
RPL0O6B N117K RPL14A G89A RPL22B Q55E RPS07B N123D
RPLO7A T50A RPL15A D153E RPL22B S57T RPSO08A T45S
RPLO7B T171A RPL15B A18V RPL26A Q26E RPS09B R40K
RPLO8A L58V RPL15B H34N RPL27A G26V RPS11B 164V
RPLO8SA HI95N RPL15B A35V RPL27A S37P RPS14A T40A
RPLO8SA T252N RPL15B Y178H RPL27A L75V RPS14B D76G
RPL0O8B T25P RPL16A V6F RPL28 T66A RPS14B V771
RPL08B N122K RPL16A A152V RPL29 Q58K RPS15 A7V
RPL08B V153l RPL16A R163S RPL33A S38P RPS17B S104N
RPLO8B V180l RPL16B V62A RPL34B V92A RPS17B L110V
RPL0O8B 1252T RPL16B T174A RPL35A S112P RPS25A R9I0K
RPLO9A D61G RPL17A S17A RPL35B Q14K RPS26A T63A
RPLO9A G153D RPL17A N53D RPL36A G19S RPS30A 150V
RPS30B 150V

Table 2: List of all Ribosomal Protein Variants
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2.5. Discussion

The existence of the non-synonymous variants in what is considered to be a highly
conserved and essential macromolecule further supports our hypothesis that RPs
are capable of differentially interacting with other proteins in the cell. These
interactions can be involved in extra ribosomal functions, i.e, the ability of the
ribosomal proteins to work outside of translation like modulating the translation of
differential transcription pools

17



3. Generation of RP allele clones using Gateway cloning

3.1. Introduction

In order to study the effect of the variant RPs on the cell, multiple approaches can be
used. One possible way is to generate allele-specific populations for each variant
and compare the growth in different conditions. While this approach is viable for
in-depth studies of an RP, it is not advisable for a large scale screen of the effect. To
this effect, a different approach is considered.

In this approach, the variant alleles are expressed in a system and screened for all
its interacting partners in the entire yeast genome. This process is more scalable to
the number of variants observed and provides an understanding of the effect of the
variant at a whole-cell level

Keeping this in mind, strains are chosen such that for a given RP gene there exists
only one non-synonymous SNP difference between them. The genes are then
extracted and cloned thereby generating two copies of the gene that, when
translated differ by only one amino acid.

3.2. What is gateway cloning

Gateway cloning is a novel cloning technique developed by Invitrogen, where the
gene of interest is inserted into the plasmid using recombination rather than the
traditional restriction enzyme based ligation. This is achieved by flanking the gene of
interest with specific sequences called att-B sites that can recombine with a
complimentary site on the plasmid, called att-P site in a reaction termed BP reaction.
The technique was developed inspired by the way lambda phages insert and extract
their genomic DNA from the host during the course of an infection. lts genome is
inserted into the host using an enzyme, integrase, and an integration host factor. The
reverse reaction called LR reaction is catalyzed by excisionase along with the
integrase and IHF.

In our BP reaction, only the pENTR vector can be taken up by DH5a cells and
survive on a spectinomycin plate. This is because the PCR product and the
by-product lack the resistance marker while the ccdB toxin in pDONR kills the DH5a
cells that pick it up
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BP Reaction

aftB1 attB2

L Gene D
attB flanked PCR product
or attB expression clone
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BP Clonase
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Donor Vector

Entry Clone

LR Reaction

attL1 attL2

Entry Clone

attP1 attP2

attR1 attR2 Toxic Byproduct

LR Clonase

Destination Vector attB1 -+ attB?

Expression Clone

Figure 7: Gateway Cloning [25]

P
fwd primers‘
attP1

pDONR223
SpnR 5005 bps cch’

rev primers

‘. attP2 cmr

Figure 8: The plasmid map of pDONR223
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3.3. Maintainance of pDONR 223

The pDONR 223 plasmid contains the ccdB gene which is a gyrase inhibitor. It acts as a
toxin and kills any cell that doesn’t have a gyrase mutation like E.coli strain DH5a. We use
the XL 10 gold strain of E. coli to maintain and propagate the vector. We use the
chloramphenicol resistance as the selective marker for the maintenance

3.4. Methodology

3.4.1. Extraction of Genomic DNA[26]

1.

o

Select the strain of S. cerevisiae such that it contains only one variant in the
gene of interest

Grow 10 mL of the strain culture in YPD overnight

Ensure the OD at 600 is about 0.4 after a 1 in 10 dilutions. Spin the culture at
1200*g for 5 min. Discard the supernatant and resuspend in 500uL water
Transfer to a microcentrifuge tube and spin for 5 sec. Discard the supernatant
and disrupt the pellet by vortexing

Resuspend cells in 200uL of 25:24:1 (v/v/v) phenol/ chloroform/ isoamyl
alcohol buffered with phenol. Add 300ug of glass beads. Vortex at max speed
for 3 minutes

Add 200uL TE and vortex briefly. Centrifuge for 5 min and transfer the
aqueous layer to a clean tube

Repeat steps 5 and 6 one more time

Add 1mL 100% ethanol and mix gently by inversion

Centrifuge for 3 min at max speed. Discard supernatant and re-suspend in
400uL TE

10.Add 30puL of 1 mg/mL RNase A, mix and incubate for 5 min at 37°C
11.Add 10pL 5M ammonium acetate and 1mL 100% ethanol. Centrifuge for 3

min at max speed

12.Discard the supernatant and air dry the pellet. Resuspend DNA in 100uL TE
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Result

The genomic DNA of the required strains were extracted in the following concentrations

Strain Concentration (ug/mL) A260/A280 A260/230
YS2 266.5 1.73 1.52
YS4 316.5 1.74 1.58
YS9 324 1.76 1.62

S288C 296.75 1.8 1.9

UWOPS05_227_
2 2115 1.7 1.45
K11 256.25 1.73 1.57
SK1 200 1.7 2.6
3221348 194 1.8 2.7
273614N 333 1.92 2.98
DBVPG1788 484.75 1.8 2.3
YJM9I75 700.25 1.77 2.06
273614N 590 1.75 2.11
RM11_1A 562.75 1.7 2
Y9 596 1.75 217
DBVPG1853 583.25 1.79 2.03
YJM789 235.25 1.77 1.8
L 1528 328.25 1.77 1.9
UWOPS83_787_
3 664 1.77 1.88

Table 3: Concentrations of the extracted genomic DNA

3.4.2. Primer Design

1. The first and last 30 nucleotides of the ribosomal protein gene are screened such
that there is at least a difference of 3 bases with the paralog. The resulting sequence
is taken as our nucleotide specific sequence. The reverse complement is taken for
the reverse primer

2. The attB sequences are added to the start of the primers

a. Forward attB:GGGGACAACTTTGTACAAAAAAGTTGGCACC

b. Reverse attB:GGGGACAACTTTGTACAAGAAAGTTGGCAA

Result

The primers for the amplification of the gene of interest are designed and given for
manufacturing
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3.4.3. PCR Amplification of Gene of Interest

1. Set up the reaction as follows (if making master mix add primers and template
separately):

Component Conc. [Units Elcr::(l:. Units 20 (yL rxn X +1|rxn Master mix

5x Q5 Buffer 51X 1[X 4 {uL 4*(X+1) [uL

dNTPs(2mM) 2 (mM 0.2({mM 2|uL 2*(X+1) |uL

5x GC

Enhancer 5(X 11X 4 |uL 4*(X+1) |uL
0.2*(X+1

Q5 2 (U/uL 0.02 (U/uL 0.2 |uL )WL

FP 5|uM 0.5{uM 2|uL

RP 5|uM 0.5{uM 2|uL

Template(50ng ng/u

/uL) 50|L 1 [ng/uL 0.4 |uL
5.4*(X+1

H20 5.4 [uL )|uL

Final 20 (uL 15.6 [uL/rxn

Table 4: PCR preparation
2. Place the PCR tubes in the thermocycler
3. Run the protocol as follows (use NEBTm Calculator[27] preferably):

Name Temperature (°C) Time Cycles

Initial Denaturation 98|30 sec

Denaturation 1 98|10 sec

Ta of nucleotide specific

Annealing 1 sequence 30 sec

Extension 1 7230 sec/kb 10

Denaturation 2 98|10 sec

Annealing 2 Ta of the whole primer 30 sec

Extension 2 72|30 sec/kb 35

Final Extension 7212 min

Hold

4

Table 5: PCR Protocol
4. Load 1uL of the PCR product using a 6x loading buffer in a 1% gel. Use
appropriate ladder
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Result

The amplified PCR product can be visualized on the gel

i S;
Legend L — Ladder; 1 — RPL13A P150L D161G; 2 — RPLO6B K117N; 3 — RPS14B G76D;
4 —RPS14B 177V; 5 — RPS14A A40T; 6 — RPS08A S45T
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3.4.4. BP Reaction and Transformation

1. Dilute the PCR product 4-fold with TE

2. Add 2 volume of 30% PEG 8000/ 30mM MgCI2 and vortex

3. Centrifuge for 15 min at full speed in a microcentrifuge

4. Discard the supernatant and suspend clear pellet in TE

5. Thaw Clonase™ |l enzyme mix on ice for 2 minutes. Vortex briefly twice

6. Incubate the purified PCR product with the pDONR vector and the BP

Clonase™ Il enzyme mix at 25°C overnight (BP Reaction) as follows

Reagent Volume (uL)
PCR product 0.6
pDONR 0.3
Clonase™ |l Buffer 0.6
T 1.5
Total 3

Table 6: BP reaction setup

7. Add 0.3pL of Proteinase K to each reaction and incubate at 37°C for 10
minutes

8. Thaw CaCl2 washed DH5a competent cells on ice for half an hour

9. Add 1uL BP reaction mixture to the competent cells and incubate on ice for 30
min

10.Heat-shock the cells by incubating at 42°C for 30 seconds

11.Place on ice for 2 min and add 250uL of S.0.C. medium and incubate at 37°C
for 1 hour

12.Spin down the cells, discard part of the supernatant and resuspend in 100uL
media

13.Plate the cells on YPD plated contain Spectinomycin

14. Observe the growth of transformants and restreak the culture

15.Make a 1mL overnight culture and prepare glycerol stocks by adding 250 mL
of 100% glycerol to 750 mL culture

16. Store at -80°C
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3.5. Results

The required variants are cloned into DH5a cells

Gene Strain Variant 1 Variant 2
RPLO6B DBVPG1853 K117N
RPLO7B 3221348 A171T
RPL0O9A DBVPG1853 G61D
RPL0O9A RM11_1A D153G
RPL09B SK1 K121Q
RPL13A Y9 P150L D161G
RPL14A YJM789 P67A
RPL15B DBVPG1853 V18A H178Y
RPL15B SK1 V35A
RPL15B YJM9I75 N34H
RPL21B YS9 N146K
RPL35B YS9 K14Q
RPS01B YJMI75 168V
RPS06B K11 F16l
RPSO08A UWOPS05_227 2 S45T
RPS11B UWOPS05_227_2 V64l
RPS14A DBVPG1788 A40T
RPS14B L 1528 G76D
RPS14B SK1 177v
RPS17B L_1528 V110L
RPS17B Y9 N104S

3.6. Discussion

Table 7: List of Ribosomal Proteins Cloned into DH5a

Since the variants of a gene of interest differ by one SNP, we can study the effect of

the variant allele individually. This lets us establish the effect each variant has in

further studies
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4, Future Work

4.1. Introduction

Following the creation of the variant clones, we aim to establish the interacting
partners of each of the genes of interest and study the effect the variants have on
them. Since we aim to screen a large number of variants across the entire proteome
of S.cerevisae, we opt for the Yeast 2 Hybrid (Y2H) system for the interaction
studies.

In a Yeast 2 Hybrid system, the host cell is modified by replacing a native
transcription activator, like Gal4 is replaced with two synthetic hybrid proteins[28]
[29](figure 10); one containing the N-terminal DNA binding domain of Gal 4 fused to
one of our cloned variants (called bait), and the other containing the C-terminal
transcription activating domain fused to one of the 5000 proteins present in the yeast
genome (called prey). The Gal 4 transcription factor enables the transcription of
HIS3 which is required for the cell to grow in media lacking histidine. If the bait and
prey don not interact, the transcription of HIS3 does not occur and the cell won't
grow. If the bait and prey interact, the transcription factor is reconstituted and the cell
grows on media lacking histidine.

PREY

No growth
BAIT W OFF on medium LexA or Gal4 Gal4
BA b : :
i lacking Histidine DNA Binding % Activation
Droratar HIS3 Domain Domain
The interaction of 2 proteins
reconstitutes an active transcription
factor and enables yeast growth
» BAIT = your protein of interest
INTERACTION Transcription PREY = protein partner of the bait
machinery
PREY i Growth
~ on medium
BAIT = ON e%, S
lacking Histidine

Promoter HIS3

Figure 10: Yeast 2 Hybrid[30]
4.2. Why Yeast 2 Hybrid

While there are several techniques available to study protein interactions, it is
incredibly hard to scale them to a large number of samples. The Yeast 2 Hybrid
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system enables us to perform a large scale study using a library of the yeast genome
simultaneously. Being an in-vivo system it is better suited to replicate the conditions
within the cell making the model closer to the actual yeast cell. The Yeast 2 hybrid
system also takes care of all post-transcriptional and translational modifications that
the protein would normally undergo. Additionally, we do not need to make proteins
and antibodies of high purity which is laborious as well as expensive.

4.3. Possible outcomes and hypotheses

The Yeast 2 Hybrid studies will generate a network of genes that our protein of
interest interacts with (figure 11). The variant can potentially alter this network by
removing and/ or adding new genes. This difference in the set of genes should be
caused entirely by the variant allele. This gives us an idea of what pathways our
ribosomal protein is potentially involved in and what sort of extra ribosomal function it
possesses

Pathway G
Pathway B Pathway A

Pathway H

4 : = B

4 X

[ S o A

Pathway C | Proteint

A
\

Condition Y
Candition X N\

Patway D

RP Variant B
v Condition X
‘ Pathway J
E

Pathway F

Patniway L

Figure 11:Possible interactions, (A) Possible interactions of variant B, (B) Possible
interactions of variant A

5. Highlights of the work
The key features of this work are mentioned below

1. This work builds on upcoming hypotheses that support extra ribosomal
functions for the ribosomal proteins
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. Though thought to be highly conserved, variant alleles have been identified
in the ribosomal proteins

. A novel high-efficiency approach to cloning is employed in the form of
gateway cloning

. Set up protocols for BP reactions
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6. Reagents

6.1. 1M Tris Buffer (10 mL) (M.W. 121.13 g/mol)

e Weigh 1.2114 g of Tris base
e Dissolve in water and adjunct pH to 8 using HCI

e Makeup to 10 mL

6.2. TE Buffer (50 mL)

e Mix 0.5 mL of 1M Tris HCl and 0.1 mL of 0.5 M EDTA

e Makeup to 50 mL volume
6.3. LB Agar Plate (100 mL)
e Dissolve 2.5g LB and 1.5g Agar in 100 mL water

6.4. SOC Base (11L)

e Tryptone -20g

e Yeast extract - 59
6.5. SOC Media Additions (44.5 mL)(44.5 pL per mL of SOC Base)

e 5MNaCl-2mL

e 1MKCI-25mL

e 1M MgCI2-10 mL
e 1M MgSO4 - 10 mL
e 1M Glucose - 20 mL

6.6. Spectinomycin (Stock 100 mg/ mL) (Working 100 pg/ mL)

e Weigh 100 mg and dissolve in 1 mL water
e Filter sterilize
e Use 100 pL per 100 ml of media
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6.7. Chloramphenicol (Stock 35mg / mL) (Working 35 pg/ mL)

e Weigh 35 mg in a dark tube and dissolve in 1 mL 100% Ethanol
e Filter sterilize
e Use 100 pL per 100 mL of media
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