NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N

=




=X

Y7
12

SN NN N NN NN NN AN N NN/

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

i el
@ ASUNET

4 '

5
*

* &

U

by edead]
he S

Ll

ds2
ol
.

€
MONA MAGHRABY

BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

oA DEAD DA ADEEADEDEAE AN EADE=

PR AR A A A A A A A A



BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

PORICE

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

A Balal) ¢ alial) 4l
b 9 i 38 daadall ol BY) ol o

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

il §
9
4y

»

okl e
o

<

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

PR AR A A A A A A A A

=




ol

{ A
A

*
‘90 - Q(J
] Vor Sc\\",

Ain Shams University Faculty of science
Biochemistry department

Genotype-Based Estimation of tetrahydrobiopterin among
Egyptian children patients with atypicalphenylketonuria.

A Thesis Submitted by

Ahmed Fouad Mohamed Mahmoud
(B.Sc.in Biochemistry and chemistry, 2012 )

As a partial Fulfillment for the requirement for the Master Degree of
Science in Biochemistry.

Under supervision of

Prof.Dr.MagdyM.Mohamed Prof.Dr.Osama Kamal Zaki
Professor of biochemistry Consultant & professor of Medical genetics
Faculty of Science Pediatrics Hospital
Ain shams university Ain Shams University

Biochemistry Department
Faculty of Science
Ain shams university
202



Contents

ADSEIACT. ... et e e (1)
LiSt Of FIQUIES c.evvoie it e e e eee eeneennennen (1)
LiSt tabIES. ... ot e (V)
List of abbreviations .............ccoiiiiiiiiiiie e (V)
INErodUCioN. .. ... ot e e e e (1)
AIM of StUAY....coiii e e (3)

2) Inborn genetic disorders............ccceeviiiiiiiiiie e e e (5)
3) Classification of Inborn Errors of Metabolism..................ccoooeeiiininne, (6)
4) Disorder of amino acid metabolism...................c.cooeiiiiiiiin e (10)

4.1-Maple syrup urine disease (MSUD)........ouereirieeeiieit e eee e e eee e ee e e (11)

4.2- HOMOCYSHINUIIA. .. .. veeesveeeeees e ee eet e ieeeeneeee eeneeeeeeeneneeeneeeeeeennnn(14)
4.3- Non-ketoticHyperglycinemia (NKH)..........ooiiiiiiiee e e e e e (15)
BA-TYFOSENEMIA. .. cevvvveeeeseneeseeseeeeeneeaeeeanteeaeeernneesensenseesenennsieeneeeennn(17)
4.5 AIKAPEONUIIA. ... e eeeees et e eeeeeeeeeet e e e e e iee eeeeeneiiiieee eeeeenenn e eeennn(20)
4.7-PhenylKetonuria PKU.) ... ...oeiiriieecicieiee ceee e e eeeeneeee e 21)
5) Metabolism of phenylalanine and causes of PKU........coooeeueeeeieieeeceevecieecveenns (22)
5.1- Biochemistry Of PKU.........oivieiiriiiiee i eeeeiee e iee e eerieen e 22)
5.2- SymMptoms Of PKU.......uuiee it it ieceeeee et ieeeeeie e eee e eenine e (23)
5.3- Prevalence of PAH mutations and incidence of PKU ............cocevvivineecininnnnnnn, (25)
5.4- Metabolic disorders of PKU.............cocviiieeeciriiiiiiieeiee e eeieiie e eee eeenen(26)
5.5- Classification 0f PKU ..........c.cviieieeiiiiieieeiiiieeceneiiieeeeneeieeeenennnieenennn(27)
6) Role of PAH enzyme in Classical PKU.............ccoooeiii i (27)

6.1- PAH enzyme regulation .............ccceeveiriieieeeiiiieieiieeeciiieeeeneieeeeenennnnnn(27)



B.2- PAH ENZYME SEIUCIUIE ... et tveteees et tee eee et e e et e e e e e e e een et e e eee et erirnens (27)
B.3-PAH DEfiCIENCY. .. ee it it ie e et et e eee e e e aee e (28)
B.4- PAH MULALIONS. .. ... v e eeecet e e eeeeeeeer e eeneeeereenein e e eeeeeneenenn e (29)

7) Atypical Phenylketonuria (malignantPKU).............c.cocooiiiviiiiiiee e e .(30)
7.1- Cellular functions of BH4..........cocieiiiiiiiiiiiee e iee e e eenenn(31)

7.2- Biosynthesis of BH4... ... ...oouiiniiiie e e e e e (32)
7.3- BHA DEfiCIBNCY ... cvvvveeeeeee et e e e eee eet e e e eeeeeer e e e eeeeeenea e (33)
7.4- Role of tetrahydrobiopterin( BH4) as a cofactor of many enzymes)...........ccocvuvvunnann, (34)
7.5- Loading test With BHA............iiiiiiiiiee i ceiieieecee e ieeeeeieeieie e e (35)

7.6- 6-Pyruvoyltetrahydropterin synthase enzyme(PTPS)(PTS) ... v cvvivineiiiiiiieeceneaeannn, (40)

7.6.1- PTPS enzyme structure

7.6.2- Regulation of PTPS enzyme expression and activity
7.6.3 - PTPS - gene Structure

7.6.4- PTPS — gene mutations

8)  DiIagNOStIC TESES....uiue it iit it e iie e et et e eeee e ee eeeieen e (46)
8.1- ENzymatic teChNIQUES. .. ...vvve et eee it e e e ceieee eet e e e e eeeeer e e e (46)

8.2- Extended Metabolic Screening by Tandem Mass Spectrometry (TMS) in Clinical Diagnosis of
8.2.1. Acylcarnitine analysis in dried blood spots by TMS (LC/MS/MS)

8.3- Genetic testing by SEQUENCE. .. .. cvvviitiiiieiee ceiiieeieeeeeeeiieiee e eee e ee e eean(61)

9)  TrEALMENT. .. ettt e et et eee et e e aee e e aean e an . (02)
9.1- Treatment With @ Phe-restricted diet. .. .......c.vvierirnieeier i ieeeei e e e ee e e e (62)

9.2- Treatment With @ BH4 .........oooiitiiiiiiii i e e (63)
9.3- Treatment With ENZYMe.......cceiiiriiriiiiieiee et iiiieieeieeeeeeeneinie e neenaeneeennn(63)

9.4- Cell directed Treatment...........vvviriereeieeeereitieeieeeeeeereeee e e eeeenean e eeennn (064)



Chapter ( Il) : Subjects& Methods - ..........cccocrvrinnieie e (65)
1o SUDJECES. .. ittt e e e e e a2 (66)
2- Plan of the WOrK..........oviiii it e e (66)
3- Ready-made reagent and KitS............cccoeevii i e (66)
Ao PIIMEBIS. ..t et ettt et e e (O 7))
5- Chemicals, reagents and buffers...............cccoccoi i (67)

T e 13111 [ Tor: | SRR (67)
5.2-  Reagents and bBUFfers.......ccceeeeeeeieeiiieccccee e (68)
6- Biochemical and molecular Methods..........ccecveeereveieiceeeeescee e, (69)
6.1-  Metabolic Screen test be Tandem mMass........cceeeeeeeeerererevninniieeeeeeeeenn. (69)
6.2-  Kuvan (BH4 analogous; Sapropeletrinehydeochloride)............ccccen...... (71)
6.3-  Extraction of total RNA from whole blood samples..........cccccveeerevunnnen. (72)
6.4-  Synthesis of cDNA from mRNA Template (Reverse Transcription)........ (74)
6.5-  Amplification of PTPS gene from cDNA by conventional polymerase chain
FEACHION (PCR) ..ttt ittt vt e e e e e e ce e e e et rrraeenae s (76)
6.6-  Agarose Gel EIeCtrophOresis.......c.ueeeeeeveeceeseeeeeerrieseseeeseeeeeeeeeesae e (78)
6.7-  Sequencing of the PCR Product .........cceceveuumieeveerieese e e e (80)
6. 8- Bioinformatics analysis 0f data ........c.ececeeeeverrieeveeries e eveeeee e e (80)
6.9- StatistiCal ANAIYSIS ....e.uveeeeeeercreieercreteee e e e e et e e (84)
Chapter (i) : ReSUILS - .......coeee e st e e (87)
1- Clinical presentation and phenotype relationship in PKU patients ...........ccc....... (87)
1.1- Clinical analysis
2- Biochemical analysis of atypical PKU patients..........cccecueeveeeuesreeseneesesseenneeseennens (92)
3= IMOIECUIAT SEUAY ... .eeeveenceeeerieeciecetieestecrte e seeeeraes seeeseeseeseeesreersaen srearsseneeesasssensrnens (95)
3.1- Agarose gel electrophoresis patterns of PCR product of PTS DNA............. (95)
3.2- Sequence analysis of PTS coding region ........ccccceeeveeveveeseeniesceesvessee e (95)
3.3- Analysis and alignment of the sequencing chromatogram............ccccceueeeen.... (97)
3.4-Sequence analysis and aligNMENt.........ccueeeeeriereeeeiesreceee e e eee e (97)
Chapter (IV) :DiSCUSSION - ..o et e e e e s (103)

Discussion



Chapter (V) :SUMMAry - .. et e e e (1112)
Summary
REFEIENCES : ... ettt ettt sre e (114)

Annexation :-
ArabiC SUMMEIY ..ot ettt et et s ae e e e e st sneeraeane s (132)
ArabiC ADSEIACT ..ueiie ettt e e et st e s ereenes (134)



Phenylketonuria(PKU) is an autosomal recessive inherited inborn error of metabolism
that results from the impairment of phenylalanine hydroxylases(PAH)action due to either
a mutation in PAH- gene which lead to nonfunctional enzyme or a defect in the Enzyme
co-factor tetrahydrobiopterin(BH4) biosynthesis (Atypical PKU) (Malignant PKU), the
main cause of BH4 biosynthesis defect is the 6-pyrovoil tetrahydrobiopterin syntheses (
PTPS-gene) mutations . To determine the mutation spectrum in coding region of PTPS-
gene of atypical PKU Egyptian patients, complete RNA was extracted and purified and
PTPS cDNA was synthesized and purified for double stranded sequencing in both
direction. A total of 6 mutations were detected in PTPS-gene, four of them were Novel
Mutations, one deletion mutation(c.164 186del (p.Val55Aspfs*2)cause deletion of all of
exon 3, Two missens mutations caused benign mutation c¢.86A>T(p.Lys29lle)
andc.22C>T(p.Arg8Cys), one substitution mutation in exon-5 giving the same amino acid
c.273G>A(p.91Lys=). The only two mutations were previously reported, a substitution
mutation cause pathogenic mutation in exon-4 ¢.200C>T(p.Thr67Met) and a synonymous
mutation ¢.405T>C(p.135Thr=) in exon-6. ldentification of these mutations in atypical
PKU Egyptian patients will facilitate differential confirmatory diagnosis, which is
important for appropriate treatments. It will also aid carrier detection, genetic counseling,

and subsequent prenatal diagnosis among Egyptian families who have history of disease.
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