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To the editor:

Glucose-6-phosphate dehydrogenase (G6PD) deficiency—type Zurich: a splice site mutation as
an uncommon mechanism producing enzyme deficiency

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the
most common hereditary enzymopathy, affecting an estimated 400
million people worldwide with some 140 known molecular G6PD
defects.12 A deficient variant from Switzerland, designated “ G6PD
Zurich,” was found to have an unusual mechanism of producing
enzyme deficiency, a splice site mutation that resulted in an
in-frame deletion of 3 amino acids.

Sequencing of genomic DNA from the 33-year-old Swiss male
patient reveal ed a single nucleotide mutation that altered 1V S10(-2)
from the consensus a to g. Using a 5’ primer at the junction of
exons 9/10 and 2 different 3’ primersin exon 11 and the junction of
exons 11/12, polymerase chain reaction (PCR) was performed to
amplify cDNAs made from the mRNA of peripheral blood
mononuclear cells of the patient, his mother, and a healthy control.
As shown in Figure 1A, aternative splicing removed the first 9
nucleotides of exon 11 (AAC GTG AAG). These nucleotides code
for the amino acidsAsn, Val, and Lys at positions 430 to 432.

Using Moloc software (Gerber Molecular Design, Amden,
Switzerland; http://www.moloc.ch), the dimeric wild-type struc-
ture was constructed from the G6PD Canton mutant availablein the
Protein Data Bank (PDB, http://www.rcsb.org/pdb/) (PDB code
1QKI).# The G6PD Zurich mutant was then modeled from the wild
type. Energy minimization was done at each step to a final
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Figure 1. Point mutation in and molecular modeling of G6PD Zurich. (A) Point
mutation in G6PD Zurich that leads to alternative splicing and a 9-base deletion. In
the cDNA, the exon to the left of the vertical line is exon 10. Exon 11 is shown on the
right side. (B) Molecular modeling of G6PD Zurich. G6PD wild type (WT) versus
Zurich: an overlap of the wild type (blue and gray) and Zurich mutant (red and orange)
structures reveals a change in a loop and an adjacent helix forming part of the
substrate binding site. The active Lys205 (shown in CPK) is in direct proximity.
The mutation affects helix of the substrate binding site in both monomers (arrows) but
only minimally affects the dimer interface. The figures were created with VMD
software® (http://www.ks.uiuc.edu/Research/vmd) and rendered with Povray
(http://www.povray.org).

root-mean square gradient of 0.1 kcal/mol/A using the MAB all
atom force field.> These studies predict a significant structural
change in aloop of the substrate binding site (Figure 1B). A lysine
at the end of the conserved amino acid sequence DHYLGK
(residues 200 to 205, PROSI TE entry PS00069, http://www.expasy.
org/cgi-bin/nicedoc.pl ?PS00069) represents as a reactive nucleo-
phile associated with enzyme activity.? This lysine is in direct
proximity of the distorted loop. Additionally, an a-helix adjacent to
the deleted amino acids is rotated relative to its original position. It
islikely that the Zurich mutation disrupts the substrate binding site,
slowing the rate of the enzyme reaction. In contrast, the structural
change does not interfere significantly with the dimer interface.
The vast mgority of mutations in the G6PD gene are missense
mutations. To the best of our knowledge, there is only one missplicing
mutation described previoudy. G6PD Varnsdorf’8 destroys the same
obligate splice Ste asis destroyed in G6PD Zurich. However, it is not
the same mutation. In G6PD Varnsdorf, the invariant 3’ ag dinucleotide
has been ddleted; in G6PD Zurich, a point mutation has mutated the ag
to gg. In the G6PD Zurich as in G6PD Varnsdorf, the next available
downstream consensus splice sequence was used resulting in deletion of
3 amino acids. It is probably no coincidence that the only 2 splicing
mutations in G6PD discovered so far both affect the same splice site.
Since null mutations of G6PD appear to be incompatible with life, a
functiond dternative splice Ste that does not cause a frameshift is
required for viability. The 3' gplice ste of intron 10 offers this

opportunity.

Thomas Efferth, Esther B. Bachli, Sonja M. Schwarzl, Jeroen S. Goede,
Carol West, Jeremy C. Smith, and Ernest Beutler

Correspondence: Thomas Efferth, Center for Molecular Biology, University of
Heidelberg, Im Neuenheimer Feld 282, 69120 Heidelberg, Germany; e-mail:
thomas.efferth@web.de

Supported by National Institutes of Health grant DK061370 and the Stein
Endowment Fund.

References

1. Miwa S, Fujii H. Molecular basis of erythroenzymopathies associated with he-
reditary hemolytic anemia: tabulation of mutant enzymes. Am J Hematol. 1996;
51:122-132.

2. Beutler E, Vulliamy TJ. Hematologically important mutations: glucose-6-phos-
phate dehydrogenase. Blood Cells Mol Dis. 2002;28:93-103.

3. AuSWN, Gover VMS, Lam MJ, Adams MJ. Human glucose-6-phosphate dehy-
drogenase: the crystal structure reveals a structural NADP* molecule and pro-
vides insights into enzyme deficiency. Structure. 2000;8:293-303.

4. Gerber PR, Miller K. MAB, a generally applicable molecular force field for
structure modelling in medicinal chemistry. J Comput Aided Mol Dis. 1995;6:
251-268.

5. Camardella L, Caruso C, Rutigliano B, Romano M, Di Prisco G, Descalzi-Can-
cedda F. Human erythrocyte glucose-6-phosphate dehydrogenase: identifica-
tion of a reactive lysyl residue labelled with pyridoxal 5’-phosphate. Eur J Bio-
chem. 1988;171:485-489.

6. XuW, Westwood B, Bartsocas CS, Malcorra-Azpiazu JJ, Indrak K, Beutler E.
Glucose-6 phosphate dehydrogenase mutations and haplotypes in various eth-
nic groups. Blood. 1995;85:257-263.

7. Yumuk PF, Liu F, Brabec V, Belickova M, Prchal JT. The transcriptional conse-
guences of a G6PD intronic mutation: G6PD Varnsdorf [abstract]. Blood. 1996;
88(suppl 1):307a.

8. Humphrey W, Dalke A, Schulten K. VMD - visual molecular dynamics. J Molec
Graphics. 1996;14:33-38.

20z Ae Lz uo 1sanb Aq ypd-q.09200700208UZ/¥EL20.1/8092/8/¥0 1 4pd-8joilE/POO|gAeU suoRedlqndyse//:diy wouy papeojumoq


https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2004-06-2135&domain=pdf&date_stamp=2004-10-15

