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INTRODUCTION

The use of mobile phone s edtimated 1w reach five
billion users (1T 20103, Most of mabile phone wsers do
not aware of the dangers of the clectromugnetic radiation
from the device, whuch can wifoet the human health This is
because the ek of mtornmation on how mobile phone has
un %:ul an hunian health (Uddin and Ferdous 20055,

Mobile phones we fow power radio devices that
gansmit and receive radio frequency radiation o the
nicrowave spectrum ranging from 900- 1,200 MHz (Figure

1), These devices may be clasiod as wnolog of advanced
mabile phone system { AMPS) Various types of wnalog and
digital cellular phones wre used across the globe. Analog
telephones  transmit modulations of the amplitude o
frequency of electromagnelic waves. which are transmitied
continuously. On the other hand. the digitl telephones
transmit data in series of pulses or fast bursts. The digital
ems allow simultaneous transmission of messages rom
different users in the same frequency resulting in the
mercased capacity of the tunsmission channels. Digitad
systems have recently replaced analog (Talib et al. 2010),
The type of field exposure of radio  tfreguency
clectromugnetic radiation (RFEMRY s penerally used in
communication  via  mobile phone. The
RFEMR has the a broad range of genotoxic effects Lo, the
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occurrence  of ancuploidy.  sister clhrommaid  exchange.

impaired  intrachromosemal  recombination, the
meregse of nueled tonmation in mammalian cells (Svkes et
al. 2001 d"Ambrosio et wl 20020 Tice et all 2002:

Muashevich et al, 2003 ) Radisnon destracts Iving tssue by
damaging DNAL The
iation, energy

[Swamardika

abiering the stivcture of vell a
dumage of DNA depends on the type of i
level and absorbed
20095 The damage of penetic material i reproductive celbs
causes mutations, which can be passed through o the next
generation (Camudian Nuclear Safety Commission 20123,
The SRY Sry pene 1s one ob genes, which take responsible
to determine the chromosome Y-testis, This gene is the key
o sexual reproduction, which can be used as the engine for
genetic recombination and nawral setechion. SRY
determines the axis pomt of XY sex development
by stimulating the

amount ot radiation

maonnalhun testes

differentiation rather than the ovanies from the genital

embryos

ridges of the embryonic unlagen of gonud (Koopman et al.
1991 The mele sex differentiation of the embryo occurs
when testes have formed and 1o promoted by hormones
produced by the Levdig cells. On the other hand, in
embryos where SRY ix absent or non-functional. the
penital ridges will develop ovaries followed by femabe sex

differentiation (Hawkins cral 1992 Kato ot al. 201 3)
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Figure L. fn the term of elecromagnetic speoirum, eedl phoaes tall

theough non-ionizing, can reduce hologically sigr

In  mammalian,  SRY present on the Y
chromosame providing the expression of males. Mutations
m SRY have occwed in approximately [32005 of 46

gene

sexual cases in which XY chromosomes have complete or
partial  gonadal  dysgenesis. The  genetic
mutation i human SRY gene has been collected over past
25 years and 1t has been correlated with one of mutation
types such as the oceurrence of sex development disorder
{translocation) {Knower et al. 2011). The impaired function
of SRY cuuses ponadal dysgenesis leading to the
development of o female somatic phenatype (Phillips ¢t al.
20063 Study which concerns abow SRY mutation because

dutabuse  of

of the exposure of mohile phone hus been hmited
Therefore, this study investigated the effect of vanous ime
exposure of mobile phone lowawrd e charclerisies of
SRY gene fragments in Raious sioversiis

MATERIALS AND METHODS
Procedures

Animal handiing und vwearment

This study was conducted from June o Sepember
2017, with Randomized Post Test Only Control design.
Lxperimental procedures were done ot Ammal House
Biomedical Laboratory, Faculty of Medicine.  Andalas
Linive - The house, monitor and treatment of animal
were i uccordance  with  institutional  unimal ethics
requirements. Food and water were provided ad hibitun.
Onee acclimatized, groups of rats were randomly placed
o standard plastic mouse cages.

wheant effect (Behurt 2

cen ndenssave ovens and 1L - Such mdiagion,

Hily

R

Samples consisted of 20 white rats Rurtus novergicus.,
male. age 2-3 months, and 12530 g of body weight
Samples divided im0 four groups, one control group, wd
three {reatment trealment

for 00 60, wind 90 mintes, wmd no

20

aroups. in aroups, niy were
exposed to radiation
freatient apphied i control group. After one cyele of
spermatogenesis occurred. testes and cauda epididvmides
were and  blood  collection done  far

exanination of SRY gene mutation.

dissevied, wis

Irvadiation procoduses
For
container plastic box {33x40x30 ¢m) for 611 days {one vvcle

of spernutosenesisy bradiation was performed at 09,00

cack experiment. five rats were placed inoa

P every day becanse rat s necturnal Buch box was hung

up  turceld est o two e left espeaiatly

recenvig calls, two o oright side especially
e o?

outgeing  call. Duly  measwements mcladiy

tempernture and humidity readings. The rars were also
welghed and imspected for chimiesl stgns of iHness daily
After the wradiation schedule based on one eyele of
spermatozenesis, rats were kiled by CO: asphyxianion. and
blomd was collected.

Isofaticni of DINA

DNA was solated nsing Purelink DNA wolation kit
Genomie DNA Mint kit (Invitrogen, LESA) The solation
procedure was carricd out according o the manuiicturer's
instructions. The result of genomic DNA isolaion was
visualized by clectropharesis 1.3% agarose zel and DNA
concentration was caleutated by Nano Drop (Thermo

Fisher, HSAY . which was then stored at-200C
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SRY grene mrusciiony

Pasitive DNA was wimphificd with @ set o forvard (8
TTTOGGOAGCAGTOACAGTTG- 3 and reverse (87
GTGGACAGTAAGTAGGTTAGUTG-3) SRY primers. A
pair of primer set for detecting SRY gene mutation was
destgned from SRY vene sequences in GooBank datubase
INCBI - Accession NoNC_0244731) with - Geneious
software v70 (Bwomatters Lid, Auckland. New Zewland)
Primers were synthesized by Integrated DNA Technologies
(DT). Singapore (Figure 2} Composition of SRY PCR
reaction with total volume of 28 ul consisted of 125 ul
GoTay Green Master Mix (Promega, USAL 2.5 ul DNA
venomic, 04 uM SRY-F primer and 04 uM SRY.R
primer. Amplification of  SRY  gene was  performed
tollowed by: initial densturation at 98°C for 5 min
followed by 3§ cycles comprised with denatration w 98¢

for 30 seconds. annealing v 627C for 30 scconds, and
clongation at 72°C for 30 seconds. and final elongation at
72

w S minttes,

o enswre the specificity of POR reactions, PCR
products were also visualized after electrophoreses through
a [.3% agarose gol and stained with DNA GelRed

PCR product of SRY gene was purified with Nu-accte
and cooling ethanol abselute. 20 ul of pure SRY PCR
product was sent for sequencing anabvsis with Sanger
method in Macrogen. South Korea,

Data of sequencing  was analvzed  witly Genelous
Software v7.0 (Biomatters Ltd, Auckland. New Zealand)
Multiple uligmnents were performed by comparing the
result of SRY gene sequences with SRY gene database
(NG 024475 1) for genotyping analysis.

Dati analysis

The sequence of DNA was checked by online soitware
BioLdit v7.03  tlbis  Therapew Carlsbad).  The
genotyping of atlele was identified by seguence alignmenis
analysis with Genelows Software v7.0 (Biomatters Lid,
Auckland, New Zealand ). Percentage of cach genalype was
determined by the frequency of allele mutation m cach
tocus.

RE

ULTS AND DISCUSSTON
Ivolation of genomic DNA

Atotal of 20 sample of Blood rat was isolated afta
wradiabon performences. The result of DNA isolation
visualized in clectrophoresis showed that DNA Lad a good
guality  (Figure 33 The size of SRY  gene after
clectrophoresis was estimated around S00bp ( Figure 43
However, after the sequencing process. the size of SRY
sene was longer (393bpy. SRY eene has a puscudogene
which may be amplifiecd with SRY primer. caused the
increased size of pene.

The result of  sequencmg showed  three Single
Nucleotide  Polymorphism (SNPY. detected in position
Histidine3RGlutamine (CAT = CAGY. Proline7aThreonine
(CCT = ACTY. and Leucine 102 Leucine (CTG = TTKh
{Table D). There were four novel genotypes found in SRY
gene: TG and GG histidine3Nglutamine. CA in

proline?athreonine. und CT in leucine [02 eucine. Most of
senotype wis heterozyeote mutint and one Lonotype wis
homogygote mutant. Pomt mutation in three genotypes of
SRY gene (TG0 GGLoand CA)Y cawsed the alteration of
amino acid: TG, GO abtered hustudme o glutamme, and CA
altered protdine to threonme,

SRY mutation in His38GIn jocation

The mutation of three genotypes were wentified i
His3xGln focation Le TT. TG, and GG omuation, 13 out of
20 swmples also showed point mutation at TG allele
position wid five samples iy GG allele position (Tabte 1)
The TG allele was found both i control group and in

treated groups (30 and 60 minutes radiation exposure). and
GGoallele was found n treated group with 90 minwtes of
radiation exposure. TT is the wild-type aliele. while TGos a
heterozyvgote mutant, and AA is @ homozygote mutant. TG
was predominantly found i His3RGln Jocation (fs= |5
TS e S0 mino e 5030 ming we 3060 mind. the second
one was GG (=80 28% 0 = 30940 min), while TT did not
find in Hs3GIn Jocation (840, 6%, The mutation in
Hp38Gin location (CAT =~ CAG) aliered the anuno acid of
histidine to glutamine,

SRY mutation in Pro76 Thr location

Pomt mutution also cccwred in Pro?oThr, but only one
wllele was detected. There are three alleles in Pro76Thr: (€
wis oo wild-type allele, CA was o heterozygote mutant. and
AA was a4 homozyeote mtant CA was found v all
samples (=200 1000 n= 300 mun e 3030 mun: ne 5,60
min, e 3000 mind, but CC and AA allele were not found
i this location (Table 2). The mutasion i Pro76Thr
location (CCT = ACT). altered the amine acid of proline w
threonine

Tatde 1 Genovpe alleles of FHis38Gn 1 SRY geac

ample No.of _ Gesotypes
) Sumple sample TG GG

His38Ciln Ki-8 N N 0
(CAT = pry-s 3 0 3 ft
CAG) pri-s 3 0 5 1l
P3-s s {t I3 ]
Towl 20 (1 13 s

"y 7Ry 2R,

Note o K-S congrnl groun: PE TS 3 aun; 2 8360 aun: P2 -
§

SL9R ma radiation cxgeare

Fable 2. Cienonpe wdlcles of Pro7aThrn SRY gene

Neoof ——
sample oo AA
I N 4] (i
(CCT X {1 A (¥
\ACTY R I s 0
3 & 3 1}
Toud 2 @ 20 i
[N 100%, [S1

Note K-35 control groap, PEHT-30 X ann: P2 O3-S, 60 min: P3L-

5,00 aun radiation exposure
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SRY mutation in Leul02Leu location
In Leul 02Len location. the point mutation was detected
m CT ablele (= 20, 1000 ns 300 mims n= S0 3mns n

60 mur 5 30 90 nuny. The mutaton was not found m CC

5 ] 3

phone caposare 0 SRY wene 803

urd TT allete (Table 3). €T was a wild-type atlele. while
CT was a heterozyeete mutant. and TT was o homozygote

mutunt. The mutition in Leu! D2Een locaion (TG = TTG)

did not change the amino acid of leucine.

the SRY gene

Figure 2. Position of pnmer construction Loy dotecting
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Table 3 Genotype alleles of Lea 102 Loy in SRY gene

it of PCR smpliticision with SRY poi
Position of band was at 300bp, Representugive gels ol cight samples from conteol and ¢

Na. of Genotypes
. sample ¢ ot 't
LeutO2Leu Bl 1] X 0
(TG X 0 3 0
[1ST] 49 8} s il
10 {1 h i}
Total 20 il 20 0
1 HAI 0"y

a0 s PR

Note K1-30 consral ¢
5,90 pan radiation exposure

oup: PS03 minn P20

Three nucleotide polymorphism found n this study was
Proline ToThreonine (CCT » ACT), and Leusine H02 Leusine
{CTG 37 both in treated (30, 600 90 min of radiaton
exposure) and control woup. Two of three mutations
showed that the point mutation in two arcas of SRY gene
had  altered the synthesis of amino acid  histidine
gltamine and proline > threonine). These indicated that
the radiation exposure of mobile phone for 300 600 and 90
min in 6 days {one cyele of spermatogencsis} were able
induce the mutation.

The various alterations in human or animal {issue are
caused by the partial or comprehensive exposure of radio
frequency radiation to the body via mobile phone. (Behari
2010y, The cffect of radiation elevates the risk of cancer or

BIODIVERSITAS 193y SUZ-RO8, May 2HX

S ggrose gel Positve POR prodduct of DNA was amplified with SRY priner st

el

ample showed the good qualinn ol DNA band.
aed groups an Mam

ey bt

siown molecular size

the aceurrence of genctic mutations, and may be inherited
o the next generutions: or the over exposure of radiation
canses severe damage of tissues and the mortality ocours
within o fow weeks of exposure (Goodman et al 1999

CTEA 20035 The sifent muations aft ston of

ct the expre

cene and plav o role in different fevels with ditferent
mechapisms (Sauna ¢t alo 20015 The vanation of DNA
seguence or nucleotide polymorphisims frequently ensues
within a populatioB Stlent polvmorplisms (the abteration
of nucleatide does not change the transtation of amino acid

in the encoded protein) moerease the atterfin of researchers
in the last decade (Chaney et al, 20155 This kixd of poly-
muorphism can produce different effects on gene expression
andd lead to functional differences of diverse sygnsficance,
Several recent reviews summarize the eoffects of such
mutations. m partieulur in relation to human diseases,
pemsonmlized homedicine and pharmacogenamics (Chamury
et ul, 2006: Saum ot al. 20070b: Fuhracus etal. 2015,

In tus stady, the mutation was also found in control
aroup {Table 41 1t may be due 1o the position of container
box as placed i one room. and probubly
the radiation of cell phone sl affecred rats i contral
Sander vt oal. (1982 it
\ ul or psvehological ctfects were observed in
laberatory studics of people exposed o 30-1z fields m the

soof all group w

revealed adverse

Lroug.

from 5 m. the phone i arcas of good
reception wso deorcuses exposure as ft allows the phone (o

transmit iy the reduced power (W HO 2014,

range
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Fable 4. Polymwosphism i SRY vene alter radiabion exposure w

Histidine38 Glutamine (His 38Gln)

Ehiccis of mabile phone coposiwre o SRY wene

Proline76 Threvnine (Pro76 Thr)

pet]

cell phone

Leucine 102Leucine (Lewl02Leu)

Sumple  CAT > CAG Phenntype CUTACT Phenutvpe CTG - FTG Phenotype
K3 T Helerozygote mutuni A Hewruzvgote matant (& Huternyy pote nutant
K2 TG Huterozvgote mutnt LA Heterazygote mutant (W) Heterozygow matunt
K3 TG Hc:c;‘u/:\ OB EEREN €A muatant CcT Heterazygow mutusnt
K4 T Heteroey gote mutunt A Hoternavgote man: (S Huternzygole mutan
TG Heterozygote matang LA Heterozygote smutant (&) Heterozygowe mtam
T Heterozygote mutant CA Heterosveote mmtunt (43 Heterozygote mutant
TG Heterozygote muiani CA :imatunt T Horerozygoie mutant
TG Huterozygote mutant A mutant 'l Heterozygote muunt
TG Hetesozygoic mutant €A Hewrozveote mutant (3 Heterosyveon awtang
TG Heterozygote nhdang A Huterouy BEGERE T Heterozygowe mutan
TG Heternzygoie masint oA T RIS
TG Heterozygote mutant CA Hetwrusygoie o [ BESERH
TG Heterozygote nudan: CA Huwrozvenw (W) HERVASTINGR IN Y
TG Huteroryeote muting €A Hewrorye [} Heterooygoe mutant
TG Hoterors gote mutant [QRN Hoesase () s svralan
GG oo zygnte mutant CA Howry [} s
[§19] o zyeoie mutims LA [ Huoteroeygie matunt
GG Hunmo zy gote muant CA Hoonwyg [ Hoternzyveow muae
(%161 Humayzote mutam A Hetenoveme (G Huternavgoie muten
. GG Hunmizviate matant A Heweais vgaie musant [ Heteyoe yiow it
Newe: K-8, contvad gyoup: PTUI-30 30 pun: P25 60 min: P3390 min radiation ¢ xposare

Radiation exposure of mobile phone for 90 minutes to
treatiment groups, showoed that it has impuct on the DNA of
ral, homozygote mutant that detected in SRY sequence
indicated that madiation generated estahlished-genotype in

dutations in SRY gene result in XY sex roversal and
pure ponadal dvsgenesis. SRY  expression inifiates o
network  of  gene  activity  that the
undifferentiated gonad, genttal ridge inte testis, Mutations
in the SRY gene huve been comsidered to account tor only
10-13%% of 46, XY gonudal dysgenesis cases, whereas the
majority of the remaining cases may have muaton (s in
the SRY regulatory elements or other genes involved in the
scx%{é_ﬂbrcmimmn pathway (Shuahid etal. 2003

RY. « scomingly simple. hevond SRY single-cxon
gene discovered over a decade ago. given s piveldal role in
mammahan bology. SRY MG
protein likely o act as o troscripton {etor, and
studies of normal und mutant SRY us produced in some
human XY females) sugpest that DNA binding, and the
accompanying beading of the mrget DNA molecule, wre
importot fertures of 1y function (Koopman 2001,

This study suppested that radiation cxposure of cell
phone for 30, 60, and 90 min in 60 dayvs in rat caused the
mutation in SRY gene. Two of three mutations (His3RGly
and Pro76They showed that the point mutation in SRY gene
altered the synthesis of amino acid (hstidine
and proline = threonine). whereas one mutation s no
change the translation of amine acid: LeusinelO2Leusine
(CTG » TTG)YL Further study s needed W mvestigate the
effect of novel mutation in SRY gene o sex determination,
by separating the place of vat box container in different
voom to prevent the intervention of radiation efiect

{ransforms

domain
I ovitro

vncodes an

= lutamine.
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