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ABSTRACT

The organic cation transporter 1, OCT 1 (also daB&C22A1-Solute Carrier Family 22 member 1), appéa
play a role in the efficacy and disposition of edyiof organic cation including drugs. Genetic madyphisms in the drug
transporter have been increasingly recognized gmssible source of variation in drug dispositiond asponse.
Genetic variants in OCT1 have been identified Igrge European, Asian (Japanese, Chinese and Kpreagwulations.
Interestingly, eight genetic variations were foundthe humanSLC22A1 gene, which encodes OCT 1, from 50 type
2 diabetes mellitus individuals (T2DM), in West Bahpopulation. The purpose of this study was tegtigate genetic
variants of OCT1 in West Bengal populations. Weedtetd the three previously reported non-synonymauitions,
480 G>C (L160F); 1022 C>T (P341L); 1222 A>G (M408&fd one synonymous variations 156 T>C (S52S)rainar
allele frequencies (MAF) of 0.63, 0.20, 0.43 an@70respectively. We also found four previously mgd intronic
variations: IVS1-43(T>G), IVS2 -99(C>T), IVS5 -61¥@8), IVS9 +43(C>T) with minor allele frequencies {20, 0.17,
0.18, and 0.37 respectively.

KEYWORDS: SLC22A1, OCT1, Non-Synonymous Single NucleotideyRarphisms, Type 2 Diabetes Mellitus,

West Bengal Population

Abbreviations: OCT, Organic Cation Transporter; SLC22A1, Soluteri@a Family 22 Member 1; MAF, Minor Allele
Frequency; NS SNP, Non-Synonymous Single Nucleddidymorphisms; T2DM, Type 2 Diabetes Mellitus, BEA,
Basic Local Alignment and Search Tool; S|FHorting Intolerant from Tolerance; PSIC, Positigre8ific Independent

Counts
INTRODUCTION

Human organic cation transporter 1 (OCTL1), belangthe largest superfamily of transporters, thaitsotarrier
family and is encoded by tt& C22A1 gene®. This transporter is predicted to have 12 transhranme domains (Figure 1)

and involve in translocating large variety of origacations including drug®.

Figure 1: Predicted Secondary Structure of OCT1. Thérotein is thought to Contain 12 Transmembrane Domais
with both N and C Terminus Located Intra Cellularly. The First Large Extracellular Loop Contains Three Putaive
N-Linked Glycosylation Sites (Indicated by Branchesytoplasmic (IN) and Extracellular (OUT) Orientation are
Indicated @ Ser52Ser@ Leul60Phe® Rdlleu; @ Met408Val
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In humans, OCT1 is expressed in the basolateralbraam of hepatocytes and is the primary mediattepftic
substrates (e.g. drugs) uptdké®. Indeed, inSLC22A1 (-/-) mice, significantly less anti-diabetic drug (eMgetformin) is
distributed to the liver compared to control mit& SLC22A1, located at chromosome 6q23.3 (Figure 2), is adjatwen
S.C22A2 (encoding OCT2) an8LC22A3 (encoding OCT3). It is consists of 11 exons spag@ipproximately 37 kB?.
In many previous studies, others showed that huh@22A1 is highly polymorphic in ethnically diverse popudats® *°.
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Figure 2: Human SLC22A1 Gene (Cytogenetic Band: 6g25.3)
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Many non-synonymous polymorphisms 8fC22A1, mostly found in Caucasian populations, exhibdueed
activity in cellular assay. From Caucasians, Kedb. showed 25 polymorphisms, including eight were sgnenymous,
three of which showed reduced activitiBsHowever, genetic variants 8EC22A1 that are related to decreased metformin
uptake (i.e., S14F, R61C, S189L, G220V, G401S, dR0d465R) have been identified primarily in popiadas with

European ancestries and have not been identifiégian American, Chinese, Korean, and Japanesegtams .

In one study with 33 Japanese patients with typeali@etes mellitus, twoS_.C22A1 polymorphisms
(intronl —43T>G, M408V), which do not exhibit akerfunction, were shown to have no significante#en the clinical
efficacy of metformin ©. Kerbet al. reported that significantly reduced (P341L) tramspactivities using
tetraethylammonium as a substréte The goal of the study is to identify SNPs (singlecleotide polymorphisms) by
sequencing all exons and the surrounding intronSL&22A1 from 50 T2DM individuals, in the population of Wes
Bengal. In this study, eight variants includingetthrnon-synonymous, one synonymous and four intr6Nes were
identified.

MATERIALS AND METHODS

Collection of Study Samples:Study subjects consisted of 50 Indian patients WRBDM who were on cationic
anti hyperglycaemic drug such as Metformin. Patiemtre recruited from Diabetes outdoor center GINFE&R, SSKM
Hospital, Kolkata. The clinical features of the jgats were 24 men and 26 women, age at the studydat 12.72
(mean * SD), body mass index (BMI) was 26.57 + 5k@dn?, fasting blood sugar was 154.13 + 24.89 mg/dL,
postprandial blood sugar was 227.66 + 41.17 mgfutl ldbAlc was (Glycated hemoglobin) 08.78 + 2.18T¥e ethical
review board of the IPGME&R, SSKM Hospital, Kolkaa@proved this study. Written informed consent whtined
from all participating subjects.

Collection of Blood Samples and Genomic DNA Prepatin: Approximately 10 ml peripheral blood samples
were collected from the subjects with the help lné ttollaborating doctors. EDTA was used as an @agalant.
Genomic DNA extracted from fresh whole blood by Gi#p Blood Kit (Qiagen, Hilden, Germany). GenomidMdused

as a template in the polymerase chain reaction JPCR

Polymerase Chain ReactionlPCR was carried out in a total reaction volume @fuB containing 50-100 ng
genomic DNA, standard buffer, Mg{llas appropriate), 0.2 mM of each dNTP, (M of each primer, and 0.8 units of
TagDNA polymerase (Invitrogen, Carlsbad, CA) in a \ié¥ 96-well thermocycler (model# - 9700, AppliedoBystems,

Foster City, CA). The exons were amplified using phimer sequences and PCR conditions describ€&dhte 1.
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Table 1: Primer Sequences and PCR Conditions Usedrfthe Analysis of HumanSLC22A1
Exon Primer Sequence Anzgl;)(;on PCR Condition
FR.5- ACTTGGTTGCCTTCCAGATGTT-3' 94 C 30 Sec, 6(C 45 Sec, 7
EXON 1 584 1min for 40 cycle using 1.5mM
RV. 5- AACTCCCATGTTACAGAGGCTT-3’ Mgcl
FR. 5'- AMCAGCCCAGGGATACCGAGTTT-3' 94 C 30 Sec, 6X 45 Sec, 7L
EXON 2 332 1min for 40 cycle using 1.5mM
RV. 5- TCCAACTGGTCATGTTCTCCACCA-3 Mgcl,
FR.5- GAGCGCTCAGACTCCTCTTCAGAC-3’ 94 C 30 Sec, 60C 45 Sec, 71
EXON 3 530 1min for 40 cycle using 1.0mM
RV.5'- GAGGAGGCCATTCTAGCCCATGTC-3 Mgcl,
FR. 5- GCATAACGTCCACACCTCCTGTTT-3’ 94'C 30 Sec, 6(C 45 Sec, 7L
EXON 4 332 1min for 40 cycle using 1.5mM
RV. 5- ATGTGGACACCATGGCCTTTGGAA-3' Mgcl,
FR.5'- CCGAGGAAAATGCCAGATAG-3’ 94 C 30 Sec, 6T 45 Sec, 7
EXON5&6 577 1min for 40 cycle using 1.5mM
RV.5- CCCCCCCTCTTTTTCCACCTG-3 Mgcl,
FR. 5-TTGAAACCTCCTCTTGGCTCAGGT-3' 94 C 30 Sec, 6 45 Sec, /L
EXON 7 276 1min for 40 cycle using 1.5mM
RV. 5- GCCTGGGAAATGATGAAAGCAGAC-3’ Mgcl,
FW.5'-TTTACAGCCCAGGAAACCAAGCTG-3 94'C 30 Sec, 6(C 45 Sec, 7L
EXON 8 558 1min for 40 cycle using 1.5mM
RV.5-ATGGGTTGACCCTCTCTTGATGCT-3’ Mgcl
FR. 5-ACGGATGGCTCATACCCACTTTCA-3 94'C 30 Sec, 5& 45 Sec, 7L
EXON 9 497 1min for 40 cycle using 1.5mM
RV.5-GAGCATGCATCATCCTTGCCTTCT-3’ Mgcl,
FR.5-TCTCCCATCTGTGTTGTCTCTTCC-3' 94 C 30 Sec, 64 45 Sec, 7L
EXON 10 263 1min for 40 cycle using 1.5mM
RV.5-TTTGGAGGGCGTGTCAGACTCAT-3’ Mgcl,
FR.5- CAGGCTGTAGTTTGCTATGCCCTT-3’ 94'C 30 Sec, 58 45 Sec, 7L
EXON 11 324 1min for 40 cycle using 1.0mM
RV.5'- TACAGAGAAGTGAAGGCGTCTAGG-3’ Mgcl,

The PCR products were analyzed by electrophorasis5% agarose gels and visualized under UV liGimly
those PCR products that had a single amplificgpiamduct with no evidence of nonspecific amplifioativere used for

DNA sequencing as described below (Figure 3).

M Ex1 Ex3 Ex586 Ex7 ExS% Ex10

Figure 3: 1.5 % Agarose Gel to Check the PCR Produs

DNA Sequencing:The PCR products free of contaminating bands dumtspecific amplification were column-
purified using a Qiagen PCR-purification kit (Qiagelilden, Germany), and bidirectional sequenciras \werformed in
an ABI Prism 3130 DNA sequencer (Applied Biosystenf®ster City, CA) using dye-termination chemistry.
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Nucleotide changes were promptly detected by ifigny ‘double peaks’ in the chromatogram due toehatygosity of
the DNA sample analyzed and confirmed by sequenttimy the opposite direction. Additionally, the seqces were

analyzed using pairwise BLAST to examine if theeravany changes from the normal sequence avaitabite database.
PREDICTION OF THE FUNCTIONAL EFFECT OF AMINO ACID S UBSTITUTIONS

Multiple Sequence Alignment: Sequences of representative transporters were daded from NCBI
(National Center for Biotechnology Information). Mple sequence alignments were obtained using t&lMs and
visualized using Jalview. The align residues werered based on their type (using “Clustalxcolotinesme in Jalview)

and their level of conservation (more conservedéseue in a given position, the stronger the uglo
Grantham Value: Low values indicate chemical similarity and higilues indicate radical difference.

BLOSUM®G62: Where negative values indicate less acceptablenanehegative values indicate more acceptable

substitution.

SIFT: (Sorting Intolerant from Toleranchttp://blocks.fherc.org/sift/S ET.html).

SIFT is a sequence homology-based tool that presuha important amino acids are conserved in théem
family. Hence, changes occurring at well-conserpeditions are generally predicted to be deleteri®ubstitutions at
each position showing normalized probabilities l#s=m a chosen cutoff value are predicted to beteiébus, and those

greater than or equal to the cutoff value are ptedito be tolerated (Tolerant if score >0.05;lavant if score<0.05).

PolyPhen: The PolyPhen programme, which structurally analyses the amirid-polymorphism and is used to
predict whether an amino acid change is likely & deleterious to protein function. The predictisnbiased on the
position-specific independent counts (PSIC) scomrivdd from multiple sequence alignments of obgé@na.

PolyPhenscore: if score > 0.50 - Intolerant (probably damgy if score<0.50- tolerant (Benign).
STATISTICAL ANALYSIS

In general, data are expressed as mean * staneardtidn. Allele frequencies were estimated by geme
counting method, and test was used to identify significant departuresnf Hardy-Weinberg equilibrium. R < 0.05 was

considered statistically significant.
RESULTS AND DISCUSSIONS

We sequenced all th&L.C22A1 exons (exons 1-11) and their flanking sides frobntype 2 diabetes mellitus

patients of West Bengal, and found eight genetiatians (Table 2).

Table 2: Summary of Variations of theSLC22A1 Gene in 50 T2DM Patients of West Bengal

Variant

. * .
Genomic | Nucleotide Aml_no Allele P Location s Binding | Mutation /
: Acid : : Phosphatase .
Location Change Frequency | Value | in Protein . Motif SNP
Change - Motif
(n=100)

c.156 52
Exonl AGTSAGC Ser>Ser 0.27 0.091 TP Yes Yes S
Intron 1 IVS1-43 T>G NA 0.20 0.004 NA NA NA NA

c.480 160
Exon 2 TTGSTTC | LeusPhe 0.63 0.0002 ™ No No NS
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Table 2: Contd.,

Intron 2 IVCS:§_-I_99 NA 0.17 0.147 NA NA NA NA

Intron 5 Ivgffl NA 0.18 0.022 NA NA NA NA
c.1022 341

Ex 6 CCG>CTG | ProsLeu 0.20 0.376 TP Yes Yes NS
c.1222 408

Ex 7 ATGSGTG | Met>Val 0.43 0.663 ™ Yes No NS

Intron 9 IVS9+43 C>T NA 0.37 0.084 NA NA NA NA

% Positions are relative to the ATG start site aate based on the cDNA sequence from Gene Bank
accession no. NM_003057. NA: Not applicable. TPpdlogical Domain; TM: Transmembrane Domain, S: Symous;
NS: Non-synonymous: Number of chromosomes

We detected the three previously reported non-symons variations, 480 G>C (L160F); 1022 C>T (P341L)
1222 A>G (M408V) and one synonymous variations IT5€ (S52S) at minor allele frequencies of 0.6300243 and
0.27 respectively. We also found four previoushypared intronic variations: IVS1-43(T>G), IVS2 -@XT),
IVS5 -61(G>A), IVS9 +43(C>T) with frequencies of20, 0.17, 0.18, and 0.37 respectively (Table 2pviBusly,
25 polymorphisms were identified from 57 Caucasisnbjects . Among them, 156T>C, IVS1 -43T>G,
480C>G (L160F), 1222 A>G (M408V), IVS9 +43C>T walso detected in our study. Most of their frequesaivere
different between the Caucasians and our study.r Qwe - fold difference were observed in IVS1 -433>
(0.085 in Caucasians and 0.20- in our study), 4&8Q160F) (0.216 in Caucasians and 0.63- in ourdgtu
One SNP 1022 C>T (P341L) were also detected odysttia frequency of 0.20 (0.168 in Japanese) (Eigu
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Figure 4: Comparison of Minor Allele Frequencies ofFour Coding Single Nucleotide
Polymorphisms in SLC22A1 between Our and Other Population GroupsN: Number of Subjects
These SNPs, especially IVS1 -43T>G may be ethniecifip . Shiet al. detected 15 non-synonymous
polymorphisms from 5 different ethnic groups, Adrir Americans (100 subjects), European Americans
(100 subjects), Asian Americans (30 subjects), ktxiAmericans (10 subjects) and Pacific Islandesu@jects)*?.
Regarding Asian Americans, they identified 480 G&T60F); 1022 C>T (P341L); 1222 A>G (M408V), whiahe also

detected in our study.

The discrepancy of the allele frequencies of thels®s in this study may be caused by different sarajze.

We screened the DNA sequence and the electroplaensgior these SNPs are shown in Figure 5.
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Figure 5: Electropherograms of Eight SNPs oSLC22A1 Gene. Arrow
Indicates the Position of Nucleotide Change

The SNP P341L located in exon 6, coding a topolatianain in cytoplasmic side (Table 2). The replaeat of
a rigid proline with a leucine, which has a relatflexible side chain, could possibly change Il structure of OCT1.
The effects of some amino acid substitutions on O€ffucture have been evaluated (Table 3)

Table 3: Characteristics of Founded nsSNPs iS8LC22A1

Amino * Scoring System for Non-Synonymous Variants

Acid Function EC/ | BLOSU | Tolerance SIFT PolyPhen
Change I EU M62 Index Prediction eIl iy Prediction
L160F + 22 EC 0 0.00 Intolerant 0.187 Benign

P341L +/- 98 EC -3 0.00 Intolerant 2.083 Probalalyndging
M408V + 21 EU 1 0.08 Tolerant 0.609 Benign

% Positions are relative to the ATG start sitad aare based on the cDNA sequence from Gene Bank
accession no. NM_003057; +, function (as measurgdMIPP" uptake) similar to that of reference OCT1; +/-,
reduced function; EC/EU indicates evolutionary @wmed/ evolutionary un conserved; SIFT, Sortinglerant from
Tolerance; PSIC SD, position-specific independenbunts score difference by different criteria
(evolutionary conservation, amino acid substitutima chemical changes)

We use amino acid scoring systems, especially Gaamtand BLOSUM62 valué$ 2. It was shown in Table 3
the variants (P341L) with reduced or diminishedivigt gave much higher Grantham value (98), indieatlarger
chemical changes and more negative BLOSUM62 vai@e ghowing evolutionary unfavorable changes thlaosé

(22 and 0 respectively) for the variant Leu160PFta wnchanged functid.

Evolutionary conservation is a strong predictoratiéle frequency, indicating that substitutionseablutionary
conserved (EC) positions are more deleterious thase at evolutionary unconserved (EU) positidHsin our study, we
also investigate these variants among differentispeor OCT1 by Multiple sequence alignment, andas shown that
3 of them were highly conserved (Figure 6).
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To predict the potential effects of missense matatin protein function, we obtained estimates efithpact of
three missense mutations through the use of twoesmg homology-based programmes, SIFT RolgPhen. Moreover,
several studies indicate that analysing non-syn@ugmmutations at the structural level is very int@otr in understanding
the functional activity of the protein of intere$he SIFT programme was applied to prioritize thméssense mutations in
the exon 2, 6 and 7 coding region &fC22A1. The tolerance index score for L160F and P341Latit were 0.00,
predicting a deleterious effect for each, but fof@8V was 0.08 (Table 3). The structural levels ledration were then
determined by applying théolyPhenprogramme in which a PSIC score difference. Onesenise mutations,
P341L predicted to be possibly damaging to prosmicture with PSIC scores of 2.083. L160F and MAQgere
predicted to be a mutation with a benign effectiidgated by a PSIC score of 0.187 and 0.609 resmdgt{Table 3).

Thus, one missense mutations, P341L was identfégoiotentially important in the identification abgein function.
CONCLUSIONS

In conclusions, we identified eight genetic vargaimcluding four exonic ones 8.C22A1 in 50 type 2 diabetes
mellitus patients of West Bengal. This is the firgport of SLC22A1 variations among Indian, especially West Bengal's
type 2 diabetes mellitus patients. The presenttseswuld be useful for haplotype analysis and ptenogenetic studies
on OCT1.
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