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[ Abstract | Objective: To investigate the clinical significance of PAH ¢.158G>A
(p-Arg53His) mutation. Methods: The blood phenylalanine (Phe) was continuously
monitored in 2 unrelated newborns with suspected hyperphenylalaninimia (HPA) carrying
PAH ¢.158G>A mutation. The cross-species conservation of the mutant amino acid was
analyzed using T-Coffee. Swiss-Model software was used to construct a 3D protein
structure and the impact of candidate mutations on the secondary structure of the protein
product was analyzed. The population carrying rate of the p.ArgS3His mutation was
analyzed by literature searching. Allelic phenotype values (APV) and genotypic phenotype
values (GPV) were used to predict the phenotype associated with the mutation. Results:
Two mutations of PAH gene were detected in each newborn: ¢.611A>G(p.Tyr204Cys),
c.158G>A(p.Arg53His) and ¢.1238G>C(p.Argd13Pro), ¢.158G>A(p.Arg53His). Two
children tolerated normal diet and plasma Phe levels were within the normal range
during follow-up. The mother of case 2 was homozygous with p.Arg53His mutation under
the condition of long-term normal diet, and the blood Phe concentration and Phe/Tyr were
all within the normal range. The mutant amino acids were not highly conserved among the
13 different species. The 3D structural model showed that p.Arg53His mutation reduced
the hydrogen bond from 2 to 1 between the 53rd and 49th amino acids of PAH. The allele
frequency of p.ArgS3His was 0.01508 in HPA patients and 0.001 621 in normal
population, while the prevalence of p.Arg53His allele was highest in the East Asian
normal population (0.013 73). The APV and GPV system predicted that the mutation was
related to mild HPA(MHP) type. Conclusion: The different compound heterozygous
mutations of p.Arg53His lead to clinical phenotype varieties. The reduction of enzyme
activity caused by the mutation of p.ArgS3His is not sufficient to cause symptoms of

phenylketonuria, so the mutation may be “likely benign”.

[ Key words | Hyperphenylalaninimia; Phenylalanine hydroxylase deficiency;
p- Arg53His mutation; Phenotype; Phenylalanine; Follow-up studies
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and Genomics, ACMG ) ; 51 & B & A {# (allelic phenotype values, APV ) ; 2 B A & A {H

(genotypic phenotype values, GPV)
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Figure 1 Cross-species conservation of the p. ArgS3His mutation

A B RR N S BRI (PAH ) 530G 2R X s A SRS 18 B2 p. ArgS53His RAZPAHINZSH BN, 2 (ITHERR /R AR

I SR

B 2 PAHEFA:RIFIp. ArgS3His S84 F) =425 F4 il 7 2 &
Figure 2 3D structure prediction of PAH wild-type and p. Arg53His mutation
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O REHET A p. Arg53His 2848 1Y 8L AE43 7]
(F24 F25)1%) Hih cPKU 6 il(14. 0%) .mPKU
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APV=0. 033 76, i FHEEPI AU RIR AL G202, Tt
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HARIm ARIZWT 129878 5 MHPAR G

JETFHEH A p. ArgS3His KA HHM M E &
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341 (12.0%) .mPKU 81 (32.0%) MHP 14 fi
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Table 2 Allele frequency of the p. Arg53His (p. RS3H) mutation in patients with hyperphenylalaninimia

NFh/HE ZE R B e p. RS3HAF (L K EK S L PR R
2 79 158 2 0.0127
H AxLe] 203 406 9 0. 0222
HhE 165 330 8 0. 0242
w22 796 1592 40 0. 0251
Hh L 185 370 9 0. 0243
H ks 557 1114 33 0. 0296
Hh [ g 1 239 478 7 0.0146
U 338 676 3 0. 0044
Hh Ly U 285 570 10 0.0175
Hh R DU 112 224 0 0. 0000
T G5 71 142 3 0.0211
Wrig ke 207 414 1 0. 0024
RIS (R AR ) 1) 180 360 2 0. 0056
ORI 107 214 1 0. 0047
e 364 728 1 0.0014
1 (27 226 452 1 0. 0022
Hh E 4R 111 222 12 0. 0541
fpr 2] 81 162 1 0. 0062
Hh [ g 1020 2040 11 0. 000 05
Hh 7 44 88 8 0. 0009
& it 5370 10 740 162 0.015 08
R 3 p. ArgS3His (p. RS3H) ZAEFE e AT rb i) S 37 S R i %
Table 3 Allele frequency of the p. Arg53His (p. RS3H) mutation in the general population

INY i ZIHE A% p. RS3HA 7 B PRI 4K AN B DR AR
AR 9976 19952 274 0.01373
R 15 306 30 612 45 0.001 470
LT M 17719 35438 33 0. 0009312
W (BR2F 22 0)" 64 561 129 122 86 0. 000 666 0
e[ 12 483 24 966 5 0. 000 200 3
W (352 0" 12551 25102 3 0.000119 5
PRNHE 5184 10 368 1 0. 000 096 45
WL St 742 1484 6 0. 004
& it 142 134 284 268 461 0.001 621

B AU T R 4 SR A (2021483 H 251 ).



- 450 - WHT R 2 (BE24RR) Journal of Zhejiang University(Medical Sciences )

R 4 SCHMGEE T p. Arg53His (p. RS3H) RASHIHR N R BRIZ AR ZAE B #H (G20 ) R — %
Table 4 Biochemical phenotypes of patients with phenylalanine hydroxylase deficiency carrying the p. ArgS3His (p. R53H)

mutation (compand heterozygote)

B 5 AL B T ANDNAHAS AR AR E2 PG
1 cPKU c. [331C>T ][ 158G>A;842+2T>A ] p. [R111%);[R53H;*] (7]
2 ¢PKU c. [728G>AT;[ 158 G>A;842+2T>A ] p. [R243Q J;[R53H;"] [7]
3 mPKU c. [650G>AT;[ 158 G>A;84242T>A | p. [C217Y ];[ R53H;") (7]
4 mPKU c. [1197G>AT;[ 158 G>A;842+2T>A ] p. [V399V ;[ R53H;*] [7]
5 cPKU c. [1197G>AT;[ 158 G>A;842+2T>A ] p. [V399V ;[ R53H;*] [7]
6 mPKU c. [158G>A;84242T>A]; [ 158 G>A;84242T>A ] p. [ R53H;*];[ R53H:'] (7]
7 MHP c. [158G>A1;[208_210delTCT] p- [R53HJ;[S70del ] (6]
8 MHP c. [158G>A1;[498C>G] p. [R53H ;[ T166%] (5]
9 MHP c. [158G>AT;[721C>T) p. [R53H];[R241C] (5]
10 MHP c. [158G>A1;[728G>A ] p. [R53H1;[R2430Q] (6]
11 MHP c. [158G>A];[728G>A] p. [R53H1;[R2430Q] [7]
12 mPKU c. [158G>A1;[728G>A ] p. [R53H1;[R2430Q] [13]
13 MHP c. [158G>AT;[755G>A ] p. [R53H];[R252Q] (6]
14 MHP c. [158G>AT;[975C>G] p. [R53H;[Y325%] (5]
15 MHP c. [158G>AT;[1068C>A] p. [RS3H];[Y356%] (5]
16 MHP c. [158G>AT;[1162G>A ] p. [RS3H];[V388M ] [13]
17 MHP c. [158G>A1;[1238G>C] p. [R53H1;[R413P] (5]
18 mPKU c. [158G>A;311C>A1;[311C>A] p. [R53H;A104D ;[ A104D ] [12]
19 mPKU c. [158G>A1;[158G>A] p. [R53H];[R53H] [12]
20 mPKU c. [158G>A;1289T>C ;[ 1289T>C] p. [R53H;1430P ;[ 1430P] [12]
21 MHP c. [158G>A;1262T>C]; [ 158 G>A; 1262 T>C] p. [RS3H;1421T7; [R53H; 1421T] [12]
2 mPKU c. [158G>AT;[590T>A ] p. [R53H;[L197*] [12]
23 MHP c. [158G>A1;[898G>T] p. [R53H];[A3008] [12]
24 MHP c. [158G>AT;[728G>A ] p. [R53H1;[R2430Q] [12]
25 MHP c. [158G>A1;[749C>T) p. [R53H;[S250F ] [14]
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Table 5 Biochemical phenotypes of patients with phenylalanine hydroxylase deficiency carrying the p. Arg53His (p. R53H)

mutation (Zygosity of other mutation phase unknown)
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26 MHP c. [158G>A(;)331C>T] p- [RS3H(;)R111%] [15]
27 MHP c. [158G>A(;)331C>T] p- [RS3H(;)R111%] [15]
28 MHP c. [158G>A(;)521T>A] p- [R53H(;)1174N] [15]
29 mPKU c. [158G>A(;)728G>A] p. [R53H(;)R2430Q] [8]
30 MHP c. [158G>A(;)782G>A] p. [R53H(;)R2610Q] [11]
31 MHP c. [158G>A(;)842C>T] p. [R53H(;)P281L] [15]
32 MHP c. [158G>A(;)975C>G ] p. [R53H(;)Y325%] [5]
33 cPKU c. [158G>A(;)1162G>C] p. [R53H(;)V388L] [4]
34 MHP c. [158G>A(;)1222C>T] p. [R53H(;)R408W ] [9]
35 cPKU c. [158G>A(;)1222C>T] p. [R53H(;)R408W ] (8]
36 mPKU c. [158G>A(;)842+2T>A ] p. [R53H(;)*] (8]
37 mPKU c. [158G>AT;[?] p. [R53H(;)*] [26]
38 MHP c. [158G>AT;[ 7] p- [R53H(;)"] [10]
39 MHP c. [158G>AT;[?] p- [R53H(;)*] [10]
40 MHP c. [158G>A(;)1066-14C>G ] p. [R53H(;)*] [5]
41 mPKU c. [158G>A(;)1238G>C (;)842+2T>A(;)IVST+2T>A | p. [R53H(;)R413P(;)*] [12]
42 cPKU c. [158G>A(;)308G>A (;)1066-11G>A(;)IVS10-11G>A ] p- [R53H(;)G103D(;)"] [12]
43 MHP c. [158G>A(;)688G>A (;)842+42T>A(;)IVST+2T>A ] p- [R53H(;)V2301(;)*] [12]
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