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2 Mutations in Human Genetic Disease

H202 == HOCI
MP

Figure 1. NADPH oxidase enzyme subunits and complex@gnvation phase.

Components gp91 phoxy ¢ p22 phox p47 phox | p67 phox
Gene CYBB, & CYBA NCF1 NCF2
Chromosome Xp2\.1\/ 16924 7q11.23 1925
Number of Exon 1@\ 6 11 16
The length of bp R 8.5kb 15.3kb 40kb
Genotype X% linked R A22, OR A47, OR A67, OR
Incidence % v‘%60 %5 %30 %5
The length of aa. chain é‘ 570 195 390 526
Localization ~ membrane membrane cytosol cytosol

Table 1. The molecular charf&atic of NADPH Oxidase components.

3. CYBA (cytochr@e’b alfa chain) gene

Cytochrome b is cc@rised of a light a-chain and a heavy b-chain. This gene encodes the
light, alpha subunit which has been proposed as a primary component of the microbicidal
oxidase system of phagocytes. Mutations in this gene are associated with AR-CGD that is
characterized by the failure of activated phagocytes to generate superoxide, which is
important for the microbicidal activity of these cells. http://www.genecards.org/cgi-
bin/carddisp.plgene=CYBA.

In about 5% of the CGD patients, the disease is caused by mutations in the cytochrome b alfa
chain (CYBA) gene. The CYBA gene encoding p22-phox which contains 195 amino acid, is
localized on chromosome 16¢24, has a size of about 8,5 and contains six exons and trans-
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membrane and proline rich domains [3, 4]. CYBA gene encoding p22-phox has 19 different
missense mutations in 65 mutated alleles and has more missense mutation than other
NADPH oxidase subunit genes (table 2a) (figure 2). Mutations in the CYBA gene have been
updated by [Roos et al., (2)] and are reviewed in Human Gene Mutation Database, (HGMD;
http://www.hgmd.cf.ac.uk/ac/all.php).

P22-phox has a key role in the interaction of NADPH-oxidase subunits and any difference in
amino acid pattern of this phox protein may change the globular conformation of this
protein due to the difference in the electrophoretic characteristic of new amino acid, which
prevents the complex formation with other subunits.
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Figure 2. Missense mutagignsin CYBA gene, encoding p22-phox; CYBA gene contains 6 exons. P22-
phox contains trans-m ane and proline rich domains. Missense mutation points in CYBA gene and

change in encoded 1 of p22-phox represented in the figure (2).

Missense mutation points may have an important role in the interaction with other subunits,
so the amino acid change in that regions may change the property of interactions and
prevents or decreases the complex formation, so the activity of NADPH oxidase was
abolished.

Total numbers of alleles which have missense mutations are 65 of 173 mutated alleles in
CYBA gene and the percentage of missense mutations in that mutated alleles are %37,5
(table 2a) (2). Percentage of missense and all mutations of CYBA gene in the overall
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mutations of AR-CGD is %6.3 and %16.8, respectively (table 3 and 4). Most prevalent
missense mutations points in CYBA gene are c.70G>A, ¢.268C>T and ¢.354C>A which cause
p-Gly24Arg, p.Arg90Trp and p.Ser118Arg in p22-phox, respectively (table 5).

4. NCF1 (Neutrophil Cytosolic Factor 1) gene

In about 25% of the CGD patients, the disease is caused by mutations in the neutrophil
cytosolic factor 1 (NCFI) gene on chromosome 7q11.23, which encodes p47phox, one of the
structural components of the NADPH oxidase and has a size of about 40 kb and contains 11
exons (5, 6). The protein encoded by this gene is a 47 kDa cytosolic subunit of neutrophil
NADPH oxidase and is required for activation of the latent NADP idase and contains
390 amino acids and PX, SH3a, SH3b and polybasic domains (ﬁgurgz.\
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Figure 3. Missense mutationsﬁbCPl gene, encoding p47-phox; NCF1 gene contains 11 exons. p47-

phox contains PX, SH3a, S d polybasic domains. Mutation points in NCF1 gene and change in
encoded 390 aa. of p47-pjgx sepresented in the figure (2).

A very common @ation found in these patients is a GT deletion in a GTGTrepeat
sequence at the beginning of exon 2 of NCF1 (c.75_76delGT) gene (5, 7). NCF1 gene
encoding p47-phox has only 4 different missense mutation in 6 alleles (table 2b) (figure 3)
(2). P47-phox has an important role in the interaction of cytoplasmic NADPH-oxidase
subunits and any difference in amino acid pattern of this phox protein may abolish the
complex formation with other subunits.

Total numbers of alleles which have missense mutations are 6 of 63 (other than delta-GT
mutation in exon 2, in more than 620 alleles) mutated alleles in NCF1 gene and the
percentage of missense mutations in that mutated alleles are %9,5. The percentage of
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missense and all mutations (including delta-GT mutation) of NCF1 gene in the overall
mutations of AR-CGD is %0.6 and %66.4, respectively (table 3 and 4). So, this high
percentage due to the high number of delta-GT mutation in exon 2 of NCFI gene and is
more than all the mutations in AR-CGD (table 5). This deletion points is hot-spot mutation
region for NCF1 gene.

5. NCF2 (Neutrophil Cytosolic Factor 2) gene

The neutrophil cytosolic factor 2 (NCF2) gene encoding p67-phox is localized on
chromosome 1q25, has a size of about 40 kb and contains 16 exons and TRP1-4, AD, SH3a,
PB1 and SH3b domains (figure 4) (7, 8). NCF2 gene, encoding p6 h , has 41 different
missense mutations in 171 mutated alleles (table 2¢) (2, 4, 5, 6). 1ons in the NCF2 gene
have been published by [Roos et al., (2)] and are reviewe uman Gene Mutation
Database, (HGMD; http://www.hgmd.cf.ac.uk/ac/all.php). P6 dﬁlc:

interaction of NADPH-oxidase subunits in cytoplasm and awy difference in amino acid
pattern of this phox protein may prevent the Comple%'

(figure 1). §
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Figure 4. Missense mutations in NCF2 gene, encoding p67-phox; NCF2 gene contains 16 exons. P67-
phox contains TRP1-4, AD, SH3a, PB1 and SH3b domains. Mutation points in NCF2 gene and change in
encoded 526 aa. of p67-phox represented in the figure (2).

Total numbers of mutated alleles leading AR-CGD in NCF2 gene are 171 and 41 of them are
missense and percentage of missense mutations in that mutated alleles are %24 (table 2c) (2).
Percentage of missense and all mutations of NCF2 gene in the overall mutations of AR-CGD
is %4 and %16.6, respectively (table 3 and 4). Most prevalent missense mutations points in
NCF2 gene is ¢.279C>G which causes p.Asp93Glu in p67-phox (table 5).
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Nucleotide change Amino acid change Amino acid | # of families (alleles)
c2T>A p-MetlLys MiK 1(2)
c.70G>A p.Gly24Arg G24R 9(14)
c71G>A p.Gly24Glu G24E 1)
.74G>T p.Gly25Val G25V 1(1)
c.152T>A p-Leu51GIn L51Q 1(1)
c.155T>C p.Leu52Pro L52P 1(2)
c.158A>T p.Glu53Val E53V 1(1)
164C>G p.Pro55Arg Q55R 1)
c.268C>T p-Arg90Trp ROOW [T\ 8114
.268C>G p.Arg90Gly R90G 1)
.269G>A p.Arg90GIn R90Q "\ 2(3)
¢269G>C p.Arg90Pro RORN 1(2)
c281A>G p.His94Arg HOIR, 12)
354C>A p.Ser118Arg sdsR 4(8)
.370G>T p.Ala124Ser _ {1245 1)
371C>T p.Ala124Val XA124v 1(1)
c373G>A p.Alal25Thr  ANJ A125T 12)
.385G>A pGlul29Lys & E129K 102)
C467C>A p.Pro156GIn £~  P156Q 12)
19 different alleles 65 alleles
N a)
N
Nucleotide change Amino zbﬁ\change Amino acid | # of families (alleles)
125G>A pAr2GIn R42Q 303)
730G>A fu244Lys E244K 1(1)
C.784G>A ) DGly262Ser G262 1(1)
€.789G>C <\ p.Trp263Cys W263C 1(1)
4 different alleles ~ 6 alleles

4

@

~

(b)

Nucleotide charw Amino acid change Amino acid | # of families (alleles)

c.1A>G p-Met1Val M1V 1(1)
c.125A>G p.Asn42Ser N42S 1(2)
c.130G>C p.Gly44Arg G44R 2(4)
c.130G>T p.Gly44Cys G44C 1(2)
c.230G>A p.Arg77GIn R77Q 3(3)
c.233G>A p-Gly78Glu G78E 1(2)
c.279C>G p-Asp93Glu D93E 4(8)
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¢.305G>C p.Argl102Pro R102P 1(1)
c.323A>T p-Asp108Val D108V 1(2)
¢.383C>T p-Alal128Val A128V 1(2)
C409T>A p.Trp137Arg WI37R 12)
c419C>G p.Alal40Asp A140D 1(1)
c.[479A>T; 481A>G] | p.AspLys160_161ValGlu | DK160_161VE 1(1)
c.505C>G p-GIn169Glu Q169E 1(2)
c.551G>C p-Argl84Pro R184P 1(2)
c.605C>T p-Ala202Val A202V 2(4)
c.1256A>T p.Asn4191le N4191 N 1(2)
17 different alleles , " 41 alleles
N

Mutation in NCF2 gene.

(©

v.

Table 2. (a) Missense Mutation in CYBA gene. (b) Missense Mutat:'on NCF1 gene. (c) Missense

&

Alleles with missense Allelnsjivth In the all mutations of AR-
Autosomal mutations m ns® CGD
Gene D Missense Total
# % & % | Mise tal
o) Yo mutations %
CYBA 65 375 N V173 100 6.3 16.8
NCF1 6 9,5*  ADNTE3+620¢ | 100 0.6 66.4
NCF2 41 24 W 11 100 4 16.6
NCF4 1 5N 2 100 0.1 0.2
In AR-CGD 113 R - 409+620* 100 11 100

*: (delta-GT mutations in exon 2, not in

& Including nonsense, missense, spli

Table 3. Distribution of num|

NCF2 and NCF4) of AR-C

@

te, deletion and others.

d percentage of missense and all mutations in genes (CYBA, NCF1,

Autosomal ot different Total # of different | Different missense / different
Gene missense mutations mutations® all mutations in that gene
CYBA 19 55 %34.6
NCF1 4 23 %17.4
NCF2 17 54 %31.5
NCF4 1 2 %50

In AR-CGD 41 134 %30

Table 4. Number and percentage of different missense mutations in genes (CYBA, NCF1, NCF2 and

NCF4) of AR-CGD.
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Autosomal Gene | Nucleotide change | Aa change Number of family (alleles)
CYBA c70G>A p.Gly24Arg 9(14)
” c.268C>T p-Arg90Trp 8(14)
. .354C>A p.Serl18Arg 4(8)
NCF1 c.125G>A p-Arg42GIn 313
NCF2 c.279C>G p-Asp93Glu 4(8)

Table 5. Most prevalent missense mutation in the genes of AR-CGD.

>
6. NCF4 (Neutrophil Cytosolic Factor 2) gene &

NCF4 gene encoding p40-phox with 339 amino acids is loc%?fon chromosome 22q13.1
has a size of about 4,4 kb and contains 10 exons. P40-phox Interacts primarily with p67-
phox. Up to know, the first mutation in NCF4 gene was fo%ed in a family with compound
heterozygote mutations and one of the mutations w, Y.missense with ¢.314G>A in one

allele, which causes change in p.Arg105GIn amino a the structure of p40-phox (2, 9).

7. Conclusion Q_

3

19 different alleles in CYBA gene, 4 differ leles in NCF1 gene, 17 different alleles in
NCF2 gene and one allele in NCF4 gene\@ missense mutations which cause change in
amino acid patterns of NADPH oxidas units and results in AR-CGD. The percentage of
missense mutations in the overall ﬂ@&ons of AR-CGD is %11 (table 3). One of the most
prevalent missense mutations in A& D is in CYBA gene with c.70G>A, in 14 alleles of 9
families, which causes p.GlyZ4$‘p22-phox (table 5).

In p22-phox the first interacf ith p67-phox occur in B part (domain) which is located
between 81-91 amino acids Qﬂ-phox. There are 4 different missense mutations (in 21
alleles of CYBA gene) c amino acid (arginine) at position 90. So, this position is highly
susceptible to any co fg:tional changes which may prevent the interaction with p67-
phox. So, the chan Q-the molecular structure of this part may abolish the stability and
function of p22-ph d latent NADPH oxidase could not be activated leading to AR-CGD.
P22-phox has more different missense mutation than other NADPH oxidase components.
The ratio of the number of different missense mutation and the number of amino acid in the
chain is approximately 19/195 (%9.74). The different missense mutation to overall amino
acid chain length in p67-phox is 17/526 (%3.23). But, the ratio in p47-phox is 4/390 (%1). This
result shows that p67-phox has 3 times and p22-phox has approximately 10 times high
incidence of different missense mutations than p47-phox in their primary amino acid
structure. The underlying reason for this may be the highly specific interaction and function
of p22-phox which is vulnerable to any change in the globular structure of protein.
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Chapter 2

Missense Mutations in GDF-5 Signaling:
Molecular Mechanisms Behind
Skeletal Malformation

Tina V. Hellmann, Joachim Nickel and Thomas D. Mueller \

Additional information is available at the end of the chapter &\2\

http://dx.doi.org/10.5772/35195 %
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Members of the large transforming growth factoQﬂ' GF-B) superfamily of secreted growth
factors initiate cellular signal transduction Vging to and oligomerization of two different

1. Introduction

types of membrane bound serine/threoni ase receptors termed type I and type II
(Carcamo et al., 1994, ten Dijke et al., 1996, Madague, 2000). They execute important functions
in early (e.g. gastrulation) as well as in lajdNQerges (e.g. patterning) of embryonal development,
but are also essential for regulation of\jjsdue homeostasis and repair in the adult organism
(Rosen & Thies, 1992, Kingsley, R , Hogan, 1996, Reddi, 1998, Massague, 2000). A
characteristic feature of this protega,family is the high degree of promiscuity in the ligand-
receptor interaction (for review s ebald et al., 2004, Nickel et al., 2009)). This is exemplified
by the numeral discrepancy tkewise large number of ligands - more than 30 ligands are
known in mammals to datq\“and a comparably small number of receptors available for
binding and signaling ( a et al., 2002). Only 12 receptors exist in the TGF-f superfamily
of which seven belong to'the type I and five to the type II receptor subclass (Newfeld et al.,
1999). This implies th iven receptor typically binds more than one TGF-8 member, but we
usually see that evarﬁcular TGEF-B ligand binds more than one receptor of either subtype
(for review see (Sebald et al.,, 2004, Nickel ef al., 2009)). Noteworthy, another seemingly
reduction in the signaling output is due to the fact that principally only two primary pathways
are activated by all TGF-B members (Hoodless et al., 1996, Nakao et al., 1997). After ligand-
dependent oligomerization of the single transmembrane receptors, the intracellular kinase

domain of the type II receptor activates the type I receptor kinase domain by
transphosphorylation of a type I receptor exclusive membrane-proximal glycine/serine-rich
region, termed GS-box (Shi & Massague, 2003). This phosphorylation unleashes the binding
site for a group of transcription factors called SMADs whose naming derives from their

© 2012 Muelleret al., licensee InTech. This is an open access chapter distributed under the terms of the
I mE H Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits

. unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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