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Abstract

Purpose: Phenylketonuria is an autosomal recessive
deficiency of the hepatic enzyme phenylalanine
hydroxylase. With this study, detection of the most
frequent phenylalanine hydroxylase gene mutations in
Turkish population is aimed.

Material and Methods: 23 unrelated phenylketonuria
patients (46 alleles) who are living in Cukurova region,
Turkey were investigated.First, all exons were screened by
using DHPLC method then the direct sequencing
technique and ARMS methods were used to analyze
mutation suspected samples.

Results: IVS10-11g—a splicing mutation in 27 alleles
(58.7%), R261Q mutation in 7 alleles (15.2%) and E178G,
P281L, R243X, R243Q), R408W, Y386C mutations, all in a
frequency of 2/46 (4.3%) is found.

Conclusion: The arginine amino acid, accounting for
68.4% of changes in exon sites 7 and 12, where R243X,
R243Q), R261Q and R408W mutations occur, is thought
to be important for amino acid changes in phenylalanine
hydroxylase gene among phenylketonuria patients in
Cukurova region. Single-base mutations like IVS10-11g—>a
and P281L could be detected with an accuracy of 100% by
the use of specifically designed primers by authors
according to ARMS technique and it is relatively cheaper
and requesting less technical equipment.
Key words: ARMS, DHPLC,
sequencing, Turkish population
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Amag: Fenilketontri, hepatik bir enzim olan fenilalanin
hidroksilazin otozomal resesif bozuklugu sonucu ortaya
cikan bir durumdur. Bu calismada, Tirk poptlasyonunda
en stk gorilen fenilalanin hidroksilaz geni mutasyonlarint
belitlemek amaglandi.

Gereg ve Yontem: Oncelikle tim ekson bolgeleri
DHPLC metodu kullanilarak tarandi. Ardindan mutasyon
stphesi tastyan 6rnekler sekanslama ve ARMS yoéntemleri
kullanilarak analiz edildi.

Bulgular: IVS10-11g—a splayzing mutasyonu 27 allelde
(%58,7), R261Q mutasyonu 7 allelde (%15,2) ve E178G,
P281L, R243X, R243Q), R408W, Y386C mutasyonlar1 ise
2’ser allelde (%04,3) tespit edildi.

Sonug:  R243X, R243Q, R261Q ve R408W
mutasyonlarinin olustugu 7 ve 12’inci ekson bélgelerinde
arginin aminoasidinin degisimi Cukurova bélgesindeki
fenilketontiri  hastalarinda  fenilalanin hidroksilaz  geni
mutasyonlarinda  6nemli bir yer tutmaktadir (%68,4).
IVS10-11g—a ve P281L gibi tek baz mutasyonlari bizim
tarafimizdan dizayn edilmis primerler ve ARMS teknigi
kullanilarak daha ucuza, daha az teknik ekipmanla ve %100
dogrulukla tespit edilebilmektedir.

Anahtar kelimeler: ARMS, DHPLC, Fenilketoniti,
dizileme, Tirk poptilasyonu
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INTRODUCTION

Phenylketonuria (PKU) is caused by the deficiency
of the phenylalanine hydroxylase enzyme (PAH) and
is an autosomal recessive disorder. Unless the intake
of phenylalanine is restricted, it results in severe
hyper-phenylalaninaemia and mental retardationl.
More than 950 different mutations in PAH gene
have been defined up to date (PAHdb;
http:/ /www.pahdb.mcgill.ca/) since the
identification of the PAH gene in 19862.

Classical methods such as SSCP (Single Strand
Conformational Polymorphism ) and DGGE
(Denaturing Gradient Gel Electrophoresis) are used
for screening of mutations in genes that consist
many exons’. Recently, DHPLC (Denaturing High-
Performance Liquid Chromatography Technique)
has been the preferred method for the analysis of
genes such as; BRCAI14 BRCA2> and CFTR®
because of its advantages in comparison to these
classical methods. The same is valid for screening
the mutations of the PAH gene. The detection of
mutations is possible by different molecular
techniques like ARMS (Amplified Refractory
Mutation System), ASO (Allele Specific Oligo-
nucleotide), RFLP (Restriction Fragment Length
Polymorphism) and sequencing where preference is
made according to the type of mutation, the study
target, the sensitivity and specificity of the methods
used and the capability of each laboratory. We
aimed to detect the most frequent PAH gene
mutations in Turkish population, firstly for-
screening the mutated exons by DHPLC then
determining the exact nature of mutations by ARMS
technique, which is relatively cheaper and not
requesting a large technical capability.

MATERIALS AND METHODS

The DNA samples were collected from 23 unrelated
patients (46 independent alleles), that are living in
Cukurova Region, Adana /Turkey, with classical
PKU, diagnosed on the basis of the initial plasma
phenylalanine (PA) concentrations and positive
urine ferric chloride test in the University of
Cukurova, Faculty of Medicine, Department of
Pediatric Endocrinology and Metabolic Diseases
(Adana/Turkey), and the samples transported to
Germany and stored at the Institute of Human
Genetics in Leipzig.
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Study is approved by the human studies ethical
committee of the Cukurova University.

PCR amplification

Blood samples were preserved in EDTA and
Genomic DNA was extracted from samples by
using standard procedures?7. 50 pl reaction volumes
containing approximately 200 ng DNA in KCL
(10mM), 50 umol of each primer, Tris-HCL (1.5
mM), MgCI2 (200 um) of each dNTP and IU
TaqGold-Polymerase  (PE) were used for
amplification of samples. For PCR reaction,
denaturation was done at 95°C for 10 min, 30 cycles
of 1 min. at 95°C, 1 min at the fragment—specific
annealing temperature and 1 min at 72°C. After 30
cycles another extension step of 10 min at 72°C was
done.

Primers were designed to obtain fragments between
150 and 300 bp by using the Gene-Runner software
(www.generunner.net). Table 1 shows the primers,
length of PCR products and the annealing
temperatures for each of the PAH exons and also
the primers used for ARMS method for IVS10-
11g—a and P281L. Additionally; three primers were
designed as “normal”, “mutant” and “common” to
determine the allele status of each specific mutation
to detect single base substitution i.e. IVS10-11g—a
and P281L mutations by ARMS technique. Normal
primers were designed with a change pertaining only
to previous nucleotide in 3’ end (C highlighted in
Table 2) and this substitution detects with the aim
of detecting the normal alleles.

In the detection of mutant alleles, changes
comprised the last two nucleotide in 3’ end (C and
A highlighted in Table 2) corresponding to the
mutation point of the mutant primers, considering
the g—a (IVS10-11g—a) and C—T (P281L) base
substitutions with necessary changes to increase the
specificity of the amplification of the last nucleotide®
(Table 1). Primers were designed using Gene
Runner program. DHPLC analysis was done by
using an automated DHPLC device (WAWE:
Transgenomic, San Jose, CA, USP) according to
manufacturer’s manual. PCR products (5-15 pl and
10-100 ng DNA each) were denaturized at 95°C for
5 min and re-annealed gradually by decreasing the
sample temperature from 95 to 65°C over a period
of 30 min3.


http://www.pahdb.mcgill.ca/
http://www.generunner.net/
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Sequence analysis

Use of ARMS technique in PAH mutations

(http:/ /www.pahdb.mcgill.ca/) by using the re-
amplified PCR products of these fragments.

Abnormal DHPLC patterns were noted and these

samples were examined to identify sequence variants
by using automated sequence analysis on ABI Prism
377 (Applera). Afterwards, sequence variants were
according to

classified

international

databases

Statistical analysis

Table 1. The list of the primers of PAH gene used in sequencing and ARMS techniques

Descriptive analysis is used to evaluate the results.

Type of Primer No Sequence Product Annealing
Technique 5—-3 Length (bp) Temperature
DHPLC PAH For Ex2 TTCATGCTTGCTTTGTCC 299 50
gf;jumng PAH Rev Ex2 | CTGTTCCAGATCCTGTGTTC
PAH For Ex3 TGTGACTGTCTCCTCACC 265 50
PAH Rev Ex3 GACATGTGAGTTACTTATGTTG
PAH For Ex4 TGTACTCAGGACGTTGCCTTC 146 54
PAH Rev Ex4 CTCATCTACGGGCCATGGAC
PAH For Ex5 AAGCATTCATAAAGGTACCAG 202 52
PAH Rev Ex5 AAGGGAGAAGCAGGCTAG
PAH For Ex6 TAACCTGCATTCTGCTGTG 317 53
PAH Rev Ex6 TCCTCTGCCTCAATCCTC
PAH For Ex7 TGCCTCTGACTGAGTGGTG 242 55
PAH Rev Ex7 AAGATGGCGCTCATTGTG
DHPLC PAH For Ex8 CTGCCCATTCCTCATGTAGA 226 56
and PAH Rev Ex8 CTGGGCTCAACTCATTTGAG
Sequencing | PAH For Ex9 ATGGCCAAGTACTAGGTTG 199 54
PAH Rev Ex9 AGTTTCAAAGACCTGAGGGC
PAH For Ex10 TCCCAGTCAAGGTGACAC 260 50
PAH Rev Ex10 GGATACAAATAGGGTTTCAAC
PAH For Exl11 TGCAGCAGGGAATACTGATC 293 56
PAH Rev Exl11 TAGACATTGGAGTCCACTCTC
PAH For Ex12 ATGCCACTGAGAACTCTICTT 245 50
PAH Rev Ex12 AGTCTTCGATTACTGAGAAA
PAH For Ex13 TCACTAGGACACTTGAAGAG 163 48
PAH Rev Ex13 TCTCCATCAACAGATTCAC
ARMS IVS10-11g—>a AGTGATAATAACTTTTCACTCG 265 60
Normal For
IVS10-11g—>a ACAGTGATAATAACTTTTCACTCA
Mutant  For
IVS10-11g—>a ATAGACATTGGAGTCCACTCTC
Common Rev
ARMS P2811. Normal GCTGGAGGACAGTACTCATG 211 60

Rev

P281L Mutant
Rev

GCTGGAGGACAGTACTCATA

P2811. Common
For

GTGCCTCTGACTGAGTGGTG
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Table 2. The ARMS primers designed for the detection of IVS mutation

Primer (5 — 3)

Function

CAGTGATAATAACTTTTCACTTG

DNA Sequence

CAGTGATAATAACTTTTCACTCIG

Normal Forward primer

ACAGTGATAATAACTTTTCACTC!A?

Mutant Forward primer

!Nucleotide substitution in normal and mutant primers

2Nucleotide substitution in mutant primer specific to the g—a mutation

Table 3. The distribution of mutations and polymorphisms in PAH gene detected by DHPLC and sequencing

analysis techniques

Gene : PAH Amino acid Nucleotide Nucleotide position
change change (cDNA)
Exon 6 E178G GAA/GGA 533A>G
Exon 7 R243X CGA/TGA 727C>T
R243Q CGA/CAA 728 G>A
R261Q CGA/CAA 728G>A
P281L CCG/CTG 842V>T
Intron 10 1VS10-11g—a 1066-11g—a 1066-11g—a
Exon 11 Y386C TAT/TGT 1157>G
Exon 12 R408W CGG/TGG 1222 C>T
Polymorphism Q232Q - -
V245V - -
Table 4. Allelic distribution of PAH gene mutation and its frequency
Number of Patient Polymorphism Allele 1 Allele 2 Yo Frequency
10 1 V245V 1VS10 1VS10 58.7 (27/406)
3 1VS10 R261Q 15.2 (7/46)
2 1VS10 P281L 4.3 (2/406)
2 1VS10 E178G 4.3 (2/406)
1 1 V245V R243X R243X 4.3 (2/46)
1 R243Q R243Q 4.3 (2/46)
2 1 V245V R261Q R261Q 4.3 (2/406)
1 Y386C Y386C 4.3 (2/406)
1 R408W R408W 4.3 (2/46)
7
Total 23 patients

RESULTS

Mutations and polymorphisms that are found by
sequencing the mutation suspected samples
determined by DHPLC analysis are shown in Table
3. The IVS10-11g—>a splicing mutation was
observed in 17 patients, 10 of them have
homozygous form and 7 of them have heterozygous
form, with a total of 27 (58.7%) of 46 alleles (Table
3, Table 4). The R261Q mutation was the second
most frequent mutation observed in 5 patients, 2 of
them have homozygous form and 3 of them have
heterozygous form with IVS mutation, with a total

of 7 (15.2%) alleles out of 46. Both P281L and
E178G mutations were in 2 patients
respectively in a heterozygous form combined with
IVS mutation and the frequency was 4.3% (2/46),
while R243X, R408W, Y386C and R243Q
mutations were seen in homozygous form each in
one patient with a frequency of 4.3% (2/46) (Table
3, Table 4).

seen

Samples, determined to possess homozygous or
heterozygous IVS mutation by sequencing analysis,
were re-analyzed by ARMS technique using newly
designed primers. The results were 100% in
accordance with the results of the sequencing
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analysis, without any non-specific bands; hence they
indicated that ARMS technique could be used with
sufficient accuracy (Figure 1-a and Figure 2-a). The
detection of one patient with P281L mutation
presented in heterozygous form revealed the ability

Mw Marker 1

501 bp « Laa — Internal
control

331 bp+

242 pp e ~ NS 10
amplicon
(265 bp)

110 bp «

— —— e —
N/M N/M N/M

Homozygote Normal Heterozygote Homozygote Mutant

Use of ARMS technique in PAH mutations

of newly designed ARMS primers to detect the
related mutation with the same accuracy of
sequencing analysis technique (Figure 1-b and
Figure 2-b).

100 bp ladder 1 4 5

100

N/M

Heterozygote

Figure 1. a-b. Gel slides of IVS10-11g—a and P281L mutations detected by ARMS. IVS10-11g—a mutation (a).
P281L mutation (b). (Mw marker: pUC18/19 Msp I, Line 1=Negative control, Lines 2, 3= Homozygous Normal
allele, Lines 4, 5=Heterozygous allele, Lines 6, 7=Homozygous mutant allele (N=Normal, M=Mutant),

Internal controls: TNFu« primers; RDN-010-025)
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Figure 2. a-b. Electropherograms of IVS10-11g—a and P281L mutations detected by sequencing. IVS10-11g—a

mutation (a). P281L mutation (b).

DISCUSSION

Since PAH deficiency is an inherited disorder seen
in Caucasians frequently, the population genetics of
disease has taken a lot interest from researchers.
Extensive mutation data have been published for
most countries as a tesult of researches over the last
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decade. Spectrum of mutations and the degree of
heterogeneity differ distinctively between regions’.

In a recent review, Blau!® states that “Most PAH
patients have compound heterozygous PAH gene
variants and one mutated allele may markedly
influence the activity of the second mutated allele,
which in turn may influence either positively or
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negatively the activity of the biologically active
heterotetrameric form of the PAH”.

Most common PAH mutation causing PKU is IVS
10-11g—a in the Mediterranean region, particularly
in Turkey where its frequency is found to be more
than 30% of PKU alleles!! and also in a study made
on patients of Turkish descent living in Germany, a
similar frequency of 38% is obtained!?. IVS 10-
11g—>a is also found to be the most common PKU
mutation in several countries such as; Southern Italy
(12.1%)13, Sicily (15%)'4, Spain (13.8%)!> and
Portugal (14.6%)'¢. Our finding of the frequency for
IVS10-11g—a mutation may suggest a selection due
to the high frequency of different ethnic groups and
consanguineous marriages in Cukurova region!”.

IVS10-11g—>a is probably an ancient mutation that
originated long before the end of the last ice age and
separated into different alleles and subsequently
spread with Neolithic farmers through the
Mediterranean in early prehistory (in the Middle
East by 8.000 BC)!1°. Thus looking at the earlier
frequency (1/34) records for the heterozygous form
of PAH gene in Turkey!l, the frequency of this
ancient gene mutation seems to continue
increasingly since our findings are considerably
higher than the previous records.

Our finding of R261Q) mutation as the secondly
most frequent mutation is concordant with the
allelic frequency found in Turkey by Turkish
researchers and among Turkish immigrants living in
Germany as detected by German researchers!?. This
important mutation observed in a frequency of 13%
in European population is another point of interest.
The arginine amino acid, accounting for 68.4% of
changes in exon sites 7 and 12 where R243X,
R243Q, R261Q and R408W mutations occur, is
thought to be important for amino acid changes in
PAH gene among PKU patients in Cukurova
region. However, this result is concordant with
ethnicity/region findings for Tutkish population
presented at pahdb web site, revealing arginine as
the most frequent amino acid change with 31.5%
(18/57).

Of mutations including IVS10-11g—a in intron 10
which is particularly important for Turkish
population, almost 87% occur in between exons 7
to 11. This high frequency may in-turn indicate that
the active domain of the enzyme may be coded at
this region?.
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Although the frequency of the R408W mutation in
Turkey is lower than that in European populations,
the similarity of frequency for R261Q mutation and
V254V polymorphisms in Turkish and European
populations can be explained by the gene flow in the
geographical area.

ARMS technique, generally among
conventional techniques used for the detection of
single base mutations, it seems to be advantageous
in comparison to ASO requiring radioactive
chemicals, to RFLP requiring pure DNA for a clean
cut, and to sequencing techniques that are expensive
in countries like Turkey, however it also has some
disadvantage, due to the problems arising from the
design of primers.

considered

Provided that primers are carefully designed, ARMS
technique can be successfully used for the
verification of other molecular techniques or applied
alone for the molecular diagnosis of diseases like
phenylketonuria by the detection of IVS10-11g—a
PAH gene mutation with a frequency of 38% to
59% in Turkish population, FMF (Familial
Mediterranean Fever) which occurs in the same
region and Mediterranean countties by the detection
of major mutations in 85% of cases; Thalassemia by
detection of IVS1-110g—a mutation in 55 to 60%
of the cases and CF (cystic fibrosis) with AF508
mutation in 80% of cases.
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