
A Novel  Mutation  Found  in  the 3' Domain of NADH-Cytochrome B5 
Reductase  in  an  African-American  Family  With  Type I 

Congenital  Methemoglobinemia 
By  Mary M. Jenkins and Josef T. Prchal 

Congenital methemoglobinemia caused by an erythrocytic 
deficiency of cytochrome b5 reductase (b5R; type I) in Afri- 
can-American individuals was first reported by this labora- 
tory. The rarity of this observation is possibly due to the 
difficulty detecting cyanosis that  is masked by naturally oc- 
curring dark skin pigment. Since previous biochemical 
studies on the African-American family with variant enzyme 
b5R-Shreveport showed enzyme instability, we focused on 
molecular  analysis  of its transcript. The transcript size was 
the same  as that of a normal control. The nucleotide se- 
quence  of both normal and variant transcripts were exam- 
ined by directly sequencing  reverse transcriptase-polymer- 
ase chain reaction (RT-PCR) product. The propositus was 
found to be  homozygous for a G to A transition at codon 
212 in exon 8, changing  a glutamate to a  lysine (E212K). In 

ONGENITAL methemoglobinemia due to a deficiency 
of NADH-cytochrome b5 reductase (b5R, EC  1.6.2.2) 

is  an autosomal recessive disorder (RCM; McKusick no. 
250800).' b5R is a member of a flavoenzyme family of 
dehydrogenases-electron transferases' that participates in the 
transfer of electrons from the NADH generated by glyceral- 
dehyde 3-phosphate dehydrogenase to cytochrome b5.3" The 
b5R gene is 31 kb  in length, has nine exons and eight in- 
trons: and has been localized to chromosome 22q13-qter.6 

There are two clinical forms of congenital methemoglo- 
binemia caused by  b5R deficiency. Type I b5R deficiency 
is characterized by cyanosis due to methemoglobinemia and 
an isolated deficiency of b5R  in  erythrocyte^.^ The erythro- 
cytic soluble isoform of  b5R consists of 275 hydrophilic 
amino acids'*9  and is involved in methemoglobin reduc- 
tion."." Erythrocyte-limited b5R  deficiency can be ex- 
plained by demonstration of protein instability since mature 
erythrocytes do not have protein synthesizing machinery 
and, thus, there is no continuous protein synthesis in contrast 
to other cell types. Type I1 b5R  deficiency is characterized 
by a deficiency of the enzyme in all cell types, methemoglo- 
binemia, and mental retardation." The membrane-associated 
isoform of  b5R is found in the outer mitochondrial mem- 
brane and the endoplasmic reticulum'3s14 and consists of the 
same 275 amino acid residues as the erythrocytic form and 
also has 25 N-terminal hydrophobic amino acid re~idues . '~ . '~  

Populations with endemic erythrocytic b5R deficiency 
have been reported in Athabaskan Alaskans, Navajo Indians, 
and Puerto Ricans.I7 Two deficient variant b5Rs (type I) 
referred to as b5R-Birmingham and b5R-Shreveport were 
characterized in two unrelated African-American families 
in our laboratory, an observation previously unreported in 
African-Americans possibly because of the difficulty de- 
tecting cyanosis that is masked by naturally occurring dark 
skin  pigment.'' Although the populations with endemic met- 
hemoglobinemia may have a darker complexion than the 
average white person, the average African-American has 
more pigmentation, which may result in possible underre- 
porting of methemoglobinemia in the African-American 
population. 
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addition,  a C to G transversion was found at codon 116 in 
exon 5, changing  a threonine to a  serine (T116S). Using al- 
lele-specific PCR, we determined that E212K was found only 
in the propositus and  her  heterozygous mother. Futther- 
more,  E212K is predicted to disrupt an a-helix peptide struc- 
ture of b5R, suggesting that  this is likely the disease-causing 
mutation. In contrast,  T116S was found to be a high-fre- 
quency polymorphism specific for the African-American pop- 
ulation. The  E212K mutation is uniquely  present in the 3' 
end of the b5R  gene (exon 8). which differs from those b5R 
mutations found among  Japanese  subjects  (exons 3 and 5) 
and in an Italian subject (exon 4) and,  thus, further contri- 
butes to our  understanding  of the structure/function rela- 
tionship of this housekeeping enzyme. 
0 1996 by The American Society of Hematology. 

In this study, we identified a novel  mutation at codon 212 
in exon 8 (E212K) of b5R-Shreveport in  both alleles of the 
propositus and one allele of her heterozygous mother but 
not in other methemoglobinemic subjects or other normal 
relatives. We also provide evidence that this is not a poly- 
morphism but is a mutation that is likely causative of the 
disease phenotype. 

MATERIALS AND METHODS 

Case report and family pedigree. The pedigree for the family 
with b5R-Shreveport is shown in  Fig 1. To our knowledge there is 
no consanguinity. Studies were performed on the propositus, 11.2, 
previously reported as having congenital methemoglobinemia type 
I."  In brief, she was a healthy 14-year-old African-American who 
was found to have a "chocolate brown" color of her  blood during 
labor in Shreveport, LA. Laboratory studies'' showed an elevated 
methemoglobin level measured by the method of Evelyn and Mal- 
loyl9 and a decreased b5R activity measured using the NADH-fer- 
ricyanide reductase activity.*' The propositus' (11.2) enzyme activity 
falls close to the heterozygous range. Differentiating between methe- 
moglobinemic and heterozygous individuals is based on an increased 
methemoglobin level and  not solely on decreased enzyme activity. 
We do not have an adequate explanation for the observed discrep- 
ancy between methemoglobinemia and higher-than-expected en- 
zyme activity. However, enzyme activity as measured in vitro under 
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Fig 1. Pedigree  and  summary  table  for the family with b5R-Shreveport.  Individual 11.2 is the propositus  affected with congenital  methemoglo- 
binemia  due to an  erythrocytic  deficiency  of  b5R  (type I). Each family  member's  affected,  unaffected,  or  carrier  state  was  determined  in a 
previous  study"  based  on  clinical  symptoms  and  biochemical data. For the present  study, EBV lines  were  available  only  from  Individuals 1.1, 
11.2, and 11.3. The  enzyme  activity  was  measured in erythrocytes  in  international  units expressed per gram  hemoglobin (IUlgHb) (the propositus' 
[K21 value  represents a mean  enzyme  activity  from  five  measurements),  and the methemoglobin  (metHb)  is expmued as a pewcentage of the 
total hemoglobin." The normal  range  for  each  assay  is  provided. The presence of wild-type  and mutant alleles for the E212K mutation  and 
the T116S polymorphism are shown. G is the normal  and A is the mutant allele in the E212K mutation  while C is the normal  and G is the 
mutant allele in the T116S polymorphism. 

highly artificial conditions does not necessarily correlate with the in 
vivo enzyme activity in the cells where known and unknown activa- 
tors, inhibitors, and other factors may  be present. It is possible that 
leukocyte contamination may explain this discrepancy; however, 
leukocytes have been removed from the hemolysate by column fil- 
tration." The propositus' (II.2) partially purified erythrocyte b5R 
was found to be heat labile and a decreased amount of antigen (b5R) 
in erythrocyte lysate was seen on a Western blot. Her nucleated 
peripheral blood cells and Epstein-Barr virus (EBV)-transformed 
lymphocytes had  normal or only slightly decreased b5R activity. 
Her methemoglobinemia was previously unsuspected and was found 
only when her blood sample was inspected directly. 

Preparation of cells as a source of b5R transcript. EBV-trans- 
formed lymphocytes were previously prepared on the propositus 
(11.2). her mother &l), brother (II.3), and an unrelated normal con- 
trol." The frozen aliquots of the cell lines were resuspended and 
grown at 37°C with 5% COz in RPMI-1640 medium supplemented 
with 10% fetal bovine serum, 1% penicillin-streptomycin, and  1% 
L-glutamine (Sigma, St Louis, MO). 

RNA isolation and Northern blot analysis. RNA was prepared 
from EBV-transformed lymphocytes of the propositus (11.2). her 
mother (Ll), brother (11.3), and an unrelated normal control using 
acid guanidinium thiocyanate-phenol-chloroform extraction." These 
RNA samples were separated by gel electrophoresis and transferred 
to a nylon membrane (Genescreen Plus; DuPontlNEN, Wilmington, 
DE) that was hybridized according to standard Northern blot proce- 
dure." A plasmid containing a 1.8-kb EcoRI fragment of  human 

liver b5R cDNA, pCb5R141 (kindly provided by Yoshiyuki Sakaki,  
Kyushu University, Japan) was  used as a probe." The membrane 
was rehybridized for the P-actin transcript using a 281-bp polymer- 
ase chain reaction ( E R )  product derived from a pHFP-A, template 
(kindly provided by Larry Kedes, Stanford University, Palo Alto, 
CA) as a probe."  Both probes were radiolabeled with [(r-'*P]dCTF' 
(3,000 Ci/mmol; Amersham, Amersham, UK) using nick translation 
(Boehringer Mannheim, Mannheim, Germany)?6 The radiolabeled 
membrane was analyzed by autoradiography and the signal intensity 
was also quantitated using a PhosphorImager (Molecular Dynamics, 
Sunnyvale, CA). 

cDNA synthesis. Using 2 pg total RNA isolated from EBV- 
transformed lymphocytes of the propositus (II.2), her mother @l), 
brother (11.3). and an unrelated normal control, cDNA synthesis was 
performed in a 20-pL reaction volume containing lx  First Strand 
buffer (50 mmoYL Tris-HCI [pH 8.31, 75 mmoVL KCl, 3 mmoVL 
MgCI2), 5 mmoYL dithiothreitol (DTT), 0.75 mmoVL each dNTP 
(Boehringer Mannheim), 2 pg random hexanucleotide primer (Phar- 
macia, Uppsala, Sweden), 8 U RNasin (Promega, Madison, WI), 
and 200 U Superscript I1 M-MLV RNase H- reverse transcriptase 
(GIBCO BRL, Gaithersburg, MD). The reaction was allowed to 
proceed for 75 minutes at 42°C followed by inactivation of the 
reverse transcriptase (RT) for 3 minutes at 65°C. 

PCR. The entire b5R cDNA coding region starting with the 
ATG initiation site in exon 1 through the TGA stop site in exon 9 
was amplified using 6 overlapping sets of gene specific primers with 
each primer pair generating approximately 200-bp PCR fragments 

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/87/7/2993/620848/2993.pdf by guest on 03 June 2024



CONGENITAL  METHEMOGLOBINEMIA IN BLACK FAMILY 

A 

B 

CytbCR 

Beta-actin 

Fig 2. Northern blot hybridization. Lymphoblastoid cell-derived 
RNA from all available members of the family with b5R-Shreveport 
was analyzed.  For  subject designation see Fig 1. (A) The blot was 
probed with a  '2P-labeled portion of  b5R. The same size transcript in 
all three family members as well as  a normal control is shown. (B) The 
same membrane was reanalyzed with a  '2P-labeled p-actin fragment 
used  as an internal control. 

(see Table 1 and  Fig 3). Amplification was performed in a GeneAmp 
PCR System 6000 (Perkin-Elmer Cetus, Nonvalk, CT) using a 50- 
pL reaction volume containing 1X PCR buffer (20 mmolL Tris- 
HCI [pH 8.41.50 mmolL KCI), 2 mmolL MgCI2, 2 U Tuq polymer- 
ase (GIBCO BRL), 0.2 mmoVL  of each dNTP, and 10 pmol of each 
primer. The conditions for PCR  were: an initial denaturation at  94°C 
for 3 minutes, 35 cycles of denaturation at 95°C for 20 seconds, 
annealing and elongation at 70°C for 40 seconds with an additional 
extension at  72°C for 6 minutes after the last cycle. PCR products 
were visualized by gel electrophoresis on a 1% agarose gel stained 
with ethidium bromide. 

Direct nucleotide sequencing of amplified products. Preparation 
of the PCR products for sequencing consisted of treatment with a 
combination of exonuclease I and shrimp alkaline phosphatase to 
remove residual single-stranded primers, extraneous single-stranded 
DNA,  and remaining dNTPs (Sequenase PCR Product Sequencing 
Kit; United States Biochemical, Cleveland, OH). The sequencing 
was performed by analyzing both the coding strand (using forward 
primers) and the complementary strand (using reverse primers). The 
reaction products were radiolabelled using [(U-"~S]~ATP (> 1 ,OOO Ci/ 
mmol; Amersham). I X Sequenase buffer, a 1 5  diluted 7-deaza- 
dGTP labeling mix, and Sequenase DNA polymerase and subse- 
quently analyzed on a 6% denaturing polyacrylamide gel containing 
7 molL urea  and 1X glycerol tolerant gel buffer (United States 
Biochemical). Gels were fixed in a solution of 15% methanoV5% 
acetic acid for 15 minutes, and dried at 80°C for 40 minutes before 
overnight exposure on X-OMAT film (Eastman Kodak CO, Roches- 
ter, NY). 

Allele-specific PCR (ASPCR). Any deviations from the pub- 
lished sequence found in the analysis of RT-PCR products from the 
propositus (11.2) were subsequently examined in all available family 
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Fig 3. Schematic map of cytochrome b5 reductase  gene. The rela- 
tive sizes  of the genomic DNA and cDNA are not drawn to scale.  A 
schematic  genomic map in  the  top panel represents the 9 exons and 
8 introns of the b5R  gene. The untranslated regions are shaded. The 
genomic DNA is 31 kb in length. The cDNA  of  b5R.  seen in the bottom 
panel,  is 1.8 kb in length. ATG is  the initial codon in exon l and TGA 
(stop) is the last codon  of  exon 9. The approximate location of the 
six sets of overlapping primers (see Table 1) used to amplify the 
coding region by RT-PCR is shown. 

members, other methemoglobinemic patients, and  normal controls 
using a rapid, nonisotopic screening method, allele-specific PCR, 
which selectively amplifies specific alleles and detects known, sin- 
gle-base substitutions. ASPCR was first described by  Wu et  aI2'  in 
1989, and more recently, was modified in our laboratory by  Liu et 
aI2* to include two rounds of  PCR  with the first  round amplifying 
both alleles yielding a high  purity  and concentration of DNA tem- 
plate using upstream and downstream oligonucleotide primers that 
flank the nucleotide substitution. In the second round  of  PCR ampli- 
fication, two allele-specific oligonucleotide primers are used  with a 
common downstream primer. One of the two upstream allele-specific 
primers is fully complementary to one of the alleles while the other 
upstream primer is mismatched at its 3' end for the same allele; the 
reverse is true for the other allele. In the second  round, only five 
cycles of PCR are performed so that the product generated by the 
mismatched primer is not visible. Two reactions are performed using 
sample cDNA with each reaction containing only one of  the  up- 
stream allele-specific primers, while the downstream primer is com- 
mon to both alleles. Thus, efficient amplification will occur only in 
the reaction with the perfectly complementary allele-specific primer 
and not  in the reaction with the 3' mismatch.  Using this technique, 
we could clearly distinguish the normal and mutant alleles present 
in  both heterozygous and homozygous combinations. 

RESULTS 

Since the previous description of the propositus with b5R- 
Shreveport,'8 the family has been restudied. The updated 

Table 1. Primers for PCR Amplification of b5R  cDNA 

Amplified Fragment 
Region  Size (bp) Primer  Sequence (5 '  - 3') 

5' untr + 220 Funtr5 GGCGGCGGCGACAGAGCGAG 
Exon 1-3 R3 AAGCGGAAGCGCCGGGTGTCAT 
Exon  2-4 198 F2 ATCAAGTACCCGCTGCGGCTCATC 

Exon 4-5 228 F4 CAGCACATCTACCTCTCGGCTCG 
R5 CCTGGTAGACCAGCAGCCCACT 

Exon 5-7 221 F5 TCAGTACCTGGAGAGCATGCAG 
R7 GTGTGGTCATCAGGGTCCTKA 

Exon 6-9  246 F6 TGAAGTCTGTGGGCATGATCGC 
R 9  TCACGAAGCCCTGGCCGTAGT 

Exon 8-9 + 244 F8 CTGCACGCTCAAGCTCTGGTACAC 
3' untr Runtr3 GGTGGCCGTGTGACCGGTGC 

R4 CCACGAAGCCCTGTCATCATCGCT 

Abbreviations:  untr,  untranslated  region; F, forward; R, reverse. 
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Fig 4. Nucleotide sequence  analysis of the b5R  gene  of a normal and mutated allele. (A) b5R  cDNA  sequence from a normal individual 
compared with cDNA from the propositus with b5R-Shreveport (11.21. At  the first position of codon 212 in exon 8 is a G to A transition that 
changes a glutamate to a lysine in both alleles  of individual 11.2. (B) A C to G transversion was found at the second position of  codon 116 in 
exon 5 that changes a threonine to a serine  in both alleles of individual 11.2. 

pedigree is shown in Fig 1, and for this study, the only 
available EBV-transformed lymphocytes were on the pro- 
positus (11.2). her heterozygous mother ( L I ) ,  and her brother 
(11.3) who has a normal b5R enzyme activity. 

Analysis by Northern  blot hybridization showed that the 
propositus (11.2). her  mother ( L l ) ,  and brother (11.3) had the 
same size RNA transcript as an unrelated normal control 
using  the  EcoRI  insert of pCb5R141 as the probe (Fig 2A). 
The hybridizing signal revealed a b5R transcript size of about 
2 kb, similar to that reported by Tomatsu et al.' Because of 
a highly variable amount of  RNA applied to the membrane 
as detected by both the b5R probe and the ubiquitously 
expressed @-actin probe (Fig 2B).  minor quantitative differ- 
ences of the b5R mRNAs could not  be detected. 

cDNA fragments created using 6 overlapping sets of gene 
specific primers (Fig 3 and Table 1 )  from the propositus 
(11.2) and an unrelated normal control were amplified  and 
sequenced directly from PCR products. The propositus (11.2) 
was  found to be homozygous for a G to A transition in exon 
8 at codon 212 (Fig 4A). This nucleotide substitution causes 

an amino acid change from a glutamate to a lysine (E2 I2K). 
An additional C to G transversion was  found  at codon 116 
in exon 5 (Fig 4B). Both of these nucleotide changes were 
confirmed by repeat analysis of newly  prepared  RT-PCR 
products. 

Using  ASPCR, we restudied cDNA  from  the  propositus 
(11.2), her  mother (LI), and brother (11.3), 2 other unrelated 
methemoglobinemic patients and their 6 family members, as 
well as cDNA  from  unselected  African-American individu- 
als (56 chromosomes) and  unselected white individuals (54 
chromosomes). Only the propositus (11.2) and  her  mother 
(I .  1 ) were  found to have the G to A transition of E212K. 
The propositus (11.2)  had only  the  mutant allele (A). Her 
mother (LI), whose decreased enzyme activity was  within 
the  range expected for heterozygous individuals, had 1 copy 
each of both the mutant (A) and  the  normal ( G )  alleles, 
indicating that she is heterozygous for both alleles (Fig 5A 
and Table 2). 

In contrast,  analysis of the C to G transversion (TI 16s) 
showed that the propositus (11.2) had only the mutant allele 
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ASPCR 

Fig 5. Allele-specific PCR analysis. cDNA from unselected popula- 
tions of different ethnic background was used in  this PCR-based rapid 
analysis that uses allele-specific primers (see Table 21. (AI Using prim- 
ers specific for the E212K substitution (5 - A, exon 81, the propositus 
(11.2) was confirmed to be homozygous for>he A allele, her enzyme 
nondeficient brother (11.31 homozygous for the G allele, her mother 
who  was heterozygous for enzyme deficiency (1.1) heterozygous for 
both alleles, and a normal control homozygous for the G allele. (B1 
Using primers specific for the T116S substitution (C - G, exon 51, 
the propositus with b5R-Shreveport (11.21 was determind to be ho- 
mozygous for the G allele, her brother (11.31 homozygous for the C 
allele, her mother (1.11 heterozygous for both alleles.  An unrelated 
white methemoglobinemic individual with  type II b5R  deficiency 
(propositus 3) was homozygous for the C allele, and an unrelated 
African-American control with normal b5R enzyme activity was het- 
erozygous for both alleles. 

(G), her mother (1.1) had 1 copy  each of both the mutant 
(G) and the normal (C) alleles,  other unrelated African- 
American methemoglobinemic  patients, and African- 
American healthy controls who had normal enzyme  activi- 
ties were either  heterozygous or homozygous for this 
substitution,  as  shown in Fig 5B. In preliminary  studies, 
no white, Indo-Aryan, Arabic, or Asian individuals  exam- 

ined, to date, had this  polymorphic  transversion, but all 
had only the normal (C) allele. 

DISCUSSION 

The African-American family with b5R-Shreveport was 
studied previously in this laboratory, and because of the 
abnormal properties of the mutant enzyme, we concentrated 
our study on the transcript of the gene to find the molecular 
defect responsible for the disease phenotype. We found no 
gross alterations in the transcript by Northern  blot analysis 
using lymphoblastoid-derived RNA. A guanine to adenine 
transition was found in both alleles of the propositus' (11.2) 
b5R transcript causing a change from glutamate to lysine at 
codon 212 in exon 8 (E212K). In addition, a cytosine to 
guanine transversion was found in  both alleles of the propos- 
itus' (11.2) b5R transcript causing a change from threonine 
to serine at codon 116 in exon 5 (TI 16s). Neither of these 
changes has ever been reported in any methemoglobinemic 
subjects, in the African-American population, or in any other 
population. 

No commercially available restriction endonucleases had 
cleavage sites at either of these positions. To determine if 
E21  2K and TI 16s were disease-causing mutations or poly- 
morphisms, and to confirm these nucleotide changes, we 
used allele-specific PCR. We have screened all family mem- 
bers, including the propositus (11.2). her mother (I.]), and 
her brother (11.3), other unrelated methemoglobinemic pa- 
tients and their families, and  unselected nonmethemoglobin- 
emic African-American and white individuals for these nu- 
cleotide substitutions. 

This G to A transition at nucleotide 25 126 in b5R genomic 
DNA (G/A 25126 leads to an amino acid substitution of 
E212K) was found in both alleles of the propositus (11.2) 
and in only one allele of her mother (1.1) in the b5R-Shreve- 
port family, but it was not found in her nonaffected brother 
(11.3), or in other methemoglobinemic patients, their fami- 
lies, or normal controls, suggesting that this is indeed a 
disease-causing mutation. This 3' domain mutation has never 
been reported and  is unique for this family. Furthermore, no 
previously reported b5R mutations have been found in exon 
8, but were found in exon 3 (R57Q),29 exon 5(L148P),29.30 
and exon 4 (V105M).3".32 To our knowledge, it is not clear 
that studies were performed on these Japanese and Italian 
mutations to distinguish them  from polymorphisms and  it 
is possible that healthy, nonmethemoglobinemic individuals 
carry these nucleotide substitutions. Our finding of a type I 

Table 2. Primers for ASPCR Amplification of  b5R cDNA 

Substitution  Size (bp) Primer 
Nucleotide  Fragment 

GAG - MG 145  212N TGCTCmGCCAACCAGACCE 
E212K R9 TKACGAAGCCCTGGCCGTAGT 

Sequence (5' + 3') 

147 212M ACTGCTCTITGCCAACCAGACCA 
R9 TKACGAAGCCCTGGCCGTAGT 

T 1 1 S  
ACC + AEC 131 116N AATCAAGGTITAClTCAAGGACAC 

R5 CCTGGTAGACCAGCAGCCCACT 

R5 CCTGGTAGACCAGCAGCCCACT 
133  116M AAAATCAAGGlTACrrCAAGGACAQ 

Abbreviations: N. normal allele; M. mutant  allele; R, reverse. 
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mutation in the 3‘ end  of the b5R gene (exon 8) contradicts 
the  prediction  that  all  type I mutations are found  in  the 5’ 
end  of  the  gene  whereas  all  type I1 mutations are found  in 
the 3’ end  of  the  gene.” 

In  this novel congenital  methemoglobinemia  type I muta- 
tion  (E212K),  glutamate, an acidic amino acid,  is  replaced 
with  lysine, a larger basic  amino  acid. The glutamate  at 
codon  212 is conserved  in  bovine,  rat,  and  human  b5R,34 
suggesting  that  it plays a significant role in  the  structure 
or function  of  this gene. Using  cDNA-derived b5R peptide 
sequence,  the secondary structure  of this enzyme has  been 
analyzed  by  the  Chou  and Fasman method35 and codon 212 
is  predicted  to  form an a-helical structure.  Replacement  of 
glutamate  with  lysine,  which  has a side chain that readily 
forms  cross-linking  structures,  likely  disrupts the a-helical 
secondary  structure  of  b5R. This disruption may play a caus- 
ative role in  the  instability  of  the enzyme and  in the resulting 
selective  erythrocytic enzyme deficiency. 

In contrast,  the T116S substitution  was  found  to occur 
with a high  frequency  (in excess of  20%)  in  normal as well 
as methemoglobinemic  individuals  in  the  African-American 
population,  indicating  that  this is a frequent  polymorphism 
that appears to   be unique to  individuals  of  African ancestry 
(Jenkins and Prchal,  submitted).  The  combination  of a poly- 
morphism  and a single pathogenic mutation  resulting  in  dis- 
ease phenotype  has  been  reported  in  the prion protein.  The 
genotypic  basis for the difference  between  fatal  familial  in- 
somnia (FFI) and a subtype  of  familial  Creutzfeld-Jacob 
disease  (178Asn  CJD)  lies  in a polymorphism  of the mutant 
prion  protein  gene:  the  mutation  with a methionine  at  the 
polymorphic  site  results  in FFI, the same mutation  with a 
valine at the  polymorphic site results  in CJD.36 In  primary 
hyperoxaluria  type 1 (PHl),  a single  mutation,  in combina- 
tion  with a normally  occurring  polymorphism, appears to be 
responsible  for  the  unprecedented  peroxisome-to-mitochon- 
drion  mistargeting  phenotype  of the normally liver-specific 
peroxisomal  enzyme  a1anine:gIyoxylate  amin~transferase.’~ 
Thus,  it  is possible but  not certain that  the E212K mutation 
alone  is  causative  of  the  observed disease phenotype in  this 
African-American  family with b5R-Shreveport.  However, 
although the frequent  T116S  African  polymorphism appears 
to  be  innocuous on its  own,  it may interact  with  the  E212K 
mutation,  and  this  combination  may  cause  or  contribute  to 
the  disease  phenotype. 
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