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Abstract

Background: Here we report a case of para-Bombay pheno-
type due to a novel mutation FUTT c.361G>A p.(Ala121Thr)
and a nonfunctional allele FUTT*01N.13 (c.881_882delTT)
which showed a discrepancy in the routine ABO blood group
typing. Materials and Methods: The ABO phenotype and
the Lewis blood group were typed with serological methods.
The ABH antigens in saliva were determined by a hemagglu-
tination inhibition test. The CDS region of ABO, FUTT and
FUT2 were amplified with polymerase chain reaction and
then directly sequenced. The novel mutation was confirmed
by cloning and sequencing. Three-dimensional (3-D) struc-
tural analysis of the mutant and wild-type Futl were per-
formed by the Chimera software. Results: A, B and H anti-
gens were not detected on the surface of red blood cells
(RBCs) by the serological technique, and the B and H blood
group substances were detected in the saliva, while the Lew-
is phenotype was Le(a-b+). Sequencing and cloning analysis
showed the presence of a novel FUTT mutation c.361G>A
and a nonfunctional allele FUTT*01N.13 (c.881_882delTT).
The ABO genotype was ABO*B.01/ABO*0.01.01. The in silico
analysis showed that the mutation p.(Ala121Thr) of FUTT did
not change the 3-D structure of the whole enzyme but
caused a certain amplitude of turnover in the loop region
where Ala121 was located. Conclusions: A novel FUTT allele

(FUT1*c.361G>A) was identified in a Chinese individual with
para-Bombay B phenotype. The FUTT c.361G>A mutation
may significantly downregulate the expression of H antigens
on RBCs by damaging the enzyme conformation.

© 2021 S. Karger AG, Basel

Introduction

The Bombay and para-Bombay phenotypes are char-
acterized by the deficiency of ABH antigens on the red
blood cell (RBC) which are believed to result from a defect
inthe FUT1(H)genethatencodesthe2a-fucosyltransferase
responsible for the synthesis of the H antigen on RBCs
[1]. The highly homologous FUT2 (secretor) gene nor-
mally encodes the very similar 2a-fucosyltransferase T2
(a2FucT?2) that is closely linked to FUTI and synthesizes
H antigen in secretions [2]. In the Bombay phenotype, the
FUT?2 gene is inactive together with FUT1. Since H anti-
gen is the precursor of the A and B antigens, neither an-
tigen can be synthesized. In the para-Bombay phenotype,
FUT1 is inactive or mutated with an active FUT2 gene so
that a trace of H/A/B antigen is present on RBCs, which
is either adsorbed from the plasma or synthesized by mu-
tated Futl enzyme. That is, the Bombay phenotypes are
H-deficient nonsecretors whereas the para-Bombay phe-
notypes are H-deficient secretors. In both phenotypes,
ABH antigen is very weakly expressed and is often only
detected by adsorption-elution tests with the correspond-
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Fig. 1. The results of the serological analysis, DNA sequencing and TA cloning. A The ABO phenotype was de-
termined by an IH-1000 system. B A heterozygous mutation (A/G) was detected at ¢.361 (upper panel), and the
sequence of the isolated variant FUT] allele after cloning was shown (lower panel). C TT deletion at position
c.881_882 (upper panel) and haplotype of the FUT1c.881_882 delTT (lower panel).

Table 1. Serological analysis of ABH and Lewis antigens!

No. Forward grouping Reverse grouping Antigens in saliva Lewis
anti-A anti-B anti-H Ac Bc Oc A B H
RJ204 - -2 -2 4+ - 1+ - + + Le(a-b+)

-, negative; 1+-4+, positive according to agglutination strength; Ac, A, red blood cells; Bc, B red blood cells; Oc, O red blood cells.
! The results shown in the table were obtained by tube methods. ? B and H antigen was not detected by adsorption and elution test ei-

ther.

ing blood group antisera. The anti-H produced by indi-
viduals with the Bombay phenotype is usually strong
whereas that from para-Bombay individuals is much
weaker [3].

Till now, over 50 variants of the FUTI gene are de-
scribed, and most variants are identified in either the
Bombay or the para-Bombay phenotype [4]. The first re-
ported FUT1 mutation ¢.725T>G, is associated with the
deletion of the FUT2 gene and has been found only in
persons of subcontinental Indian descent [5]. The most
common FUTI gene mutations for the para-Bombay
phenotype in Chinese contain dinucleotide deletions
and point mutation - c.547delAG, ¢.880delTT and
c.658C>T [6, 7]. In East Asia, the synonymous single nu-
cleotide variant ¢.357C>T in the FUT2 gene is common-
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ly found and does not influence the enzyme activity [8].
The incidence of FUT1 mutations giving rise to Bombay
and para-Bombay phenotypes varies in different popula-
tions from an estimated 1:1,000,000 to 1:1,000 [9]. Most
para-Bombay phenotypes have been found in Eastern
Asia [10-16]. Some estimated frequencies are one in
5,000 Thais [17], one in 8,000 Taiwanese [18] and one in
15,620 Hong Kong Chinese [12]. The para-Bombay phe-
notype has a high frequency of approximately 1:50 in the
Lahu ethnic minority of China [8]. All were either homo-
zygous or heterozygous for one or both of two FUT1 al-
leles: 328G>A, Alal10Thr and 658C>T, Arg220Cys.
Here, we describe a novel mutation FUTI ¢.361G>A,
p-(Alal21Thr) in a Chinese individual with para-Bom-
bay phenotype.
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Materials and Methods

A 31-year-old male patient was admitted to the reproductive
medicine department of Woman and Children’s Hospital, with
primary infertility. Venous blood specimens were collected into
dried tubes containing 3.2% trisodium citrate. ABO blood group
typing was firstly determined by an IH-1000 system (Bio-Rad,
Roanne, France), then confirmed by manual tube methods. Ab-
sorption and elution test and Lewis blood group assessment were
performed with standard serological techniques [19]. The follow-
ing reagents were used in tube methods: monoclonal anti-Le?, an-
ti-Le® (Sanquin, Amsterdam, the Netherlands), monoclonal anti-
A, anti-B, anti-H and an ABO RBC kit (Shanghai Hemo-Pharma-
ceutical & Biological Co. Ltd., Shanghai, China). Genomic DNA
was extracted from a peripheral blood sample using a blood DNA
kit (Tiangen, Beijing, China). The presence or absence of ABH an-
tigens in saliva was determined by a hemagglutination inhibition
test [19]. The primer design and polymerase chain reaction (PCR)
amplification of the CDS region of ABO, FUTI and FUT2 were
performed as described in the literature [20, 21], and the haplo-
types of FUT1 were identified by TOPO TA cloning sequencing
(Invitrogen, CA, USA). The novel mutation site was also amplified
and then sequenced from 120 random, apparently healthy Chinese
donors. The alleles were named according to the nomenclature
used in the International Society of Blood Transfusion, and the
nucleotide and amino acid mutations were named according to the
Human Genome Variation Society. The unliganded X-ray struc-
ture of fucosyltransferase (PDB code, 2HLH) was used as the tem-
plate to construct the initial molecular model. The 3-dimensional
(3-D) model of wild-type Futl was built through homology mod-
eling by the Phyre2 [8]. The in silico mutation was modeled by the
Chimera software (version 1.11.2; University of California, San
Francisco, CA, USA) [22]. The structural figures were also gener-
ated in Chimera or prepared by Pymol-2.3.2 (The PyMOL Mo-
lecular Graphics System, Version 2.0, Schrodinger LLC) [23]. The
effect of the mutation on the enzyme function was predicted by
PolyPhen2 (Polymorphism Phenotyping Version 2.2.2) [24] and
PROVEAN (Protein Variation Effect Analyzer, Version 1.1.5, The
J. Craig Venter Institute, Rockville, MD, USA) [25]. Based on pairs
of false rate (FPR) thresholds by the PolyPhen2, a mutation is ap-
praised qualitatively, as benign (FPR >0.902), possibly damaging
(FPR <0.902) or probably damaging (FPR <0.493). To the PROVE-
AN, if the score is equal to or below a predefined threshold -2.5,
the protein variant is predicted to have a “deleterious” effect, oth-
erwise a “neutral” effect (threshold >-2.5). The number of se-
quences and clusters used for prediction were 212 and 30.

Results

The serological results of ABO phenotype showed a
discrepancy between the forward and reverse typing (Ta-
ble 1, Fig. 1a). A, B and H antigens were not detected on
the surface of RBCs both by routine methods and the ab-
sorption and elution test, but the B and H blood group
substances were detected in the saliva. The Lewis pheno-
type was Le(a-b+) (Table 1). The serological characteris-
tics showed that RJ204 had a rare H-deficient phenotype
and was identified as the para-Bombay B phenotype.

Direct DNA sequencing and TOPO TA cloning of the
whole FUTI coding region revealed one novel muta-
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Fig. 2. The different conformations in wild-type and mutant Futl
enzymes. The amino acids were colored by elements in a ball and
sticks method. O, N, C and H atoms represented by red, blue, long
silver and short silver sticks. A The overall structure of the wild-
type Futl enzyme and the side of Alal21 is shown. B The overall
structure of the mutant Futl enzyme and the side of Thrl21 is
shown. C The structural comparison of wild-type and mutant Fut1l
enzymes. The wild-type enzyme is colored in red and the mutant
enzyme in blue-green. The black dotted line indicates the distance
between the Ca of the Alal21 and Thr121.

tion FUT1c.361G>A (GenBank No. MN938362) (Fig. 1b)
and a reported nonfunctional allele FUTI*0IN.13
(c.881_882delTT) (Fig. 1¢). A homozygous single nucleo-
tide variant ¢.357C>T, p.(Asn119=) was identified in the
FUT2 gene. The novel FUT1 mutation ¢.361G>A was not
detected in 120 random Chinese individuals with the
common ABO phenotype, and it was not in the SNP da-
tabase (https://www.ncbi.nlm.nih.gov/snp/). The ABO
genotype was ABO*B.01/ABO*0.01.01.

The complete structure of the unliganded wild-type
and mutant Futl enzymes were mainly built from the
crystal structure 2HLH (Fig. 2a, b). The overall structure
of the mutant was predicted to be similar to that of the
wild-type Futl enzyme. The results of the structural com-
parison of wild-type and mutant Futl enzymes showed
that there was a displacement of amino acids caused by
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mutation. This mutation causes a dramatical turnover of
the loop Alal15-Phel24, where Alal21 was located. The
space displacement between Alal121 and Thr121 was 0.37
nm (based on the Ca of the Alal21 and Thrl21, Fig. 2¢).

The effect of the mutation on the enzyme function was
predicted by the algorithms of PolyPhen2, and a score of
0.849 was obtained (threshold <0.902) based on the Hum-
Var indicating the mutation was possibly damaging. The
PROVEAN score of mutation was -2.569 (threshold
-2.5) indicating the mutation was deleterious.

Discussion

In this report, we identified a novel FUTI mutation in
para-Bombay B phenotype, which may impair the func-
tion and stability of Futl and significantly downregulate
the expression of H antigens on the RBCs with a reported
nonfunctional allele FUTI*0IN.13.

According to the serological results, no A, B and H
antigens on the surface of RBCs were found even by the
absorption and elution test, while the B and H antigens
could be detected in the saliva. These results suggested
that RJ204 was an ABH secretor and belonged to the pa-
ra-Bombay B phenotype. The undetectable B and H an-
tigens on RBCs may be because of the limited sensitivity
of the absorption and elution test in our laboratory. The
Lewis phenotype was Le(a-b+), and the ABO genotype
was ABO*B.01/ABO*0.01.01, consistent with the indi-
vidual’s secretor status and ABO reversing grouping, re-
spectively.

A novel mutation FUTI ¢.361G>A was detected, and
the corresponding FUT1 allele was confirmed by direct
DNA sequencing and sequencing after cloning. This mu-
tationis predicted to cause the substitution p.(Alal121Thr).
Alanine is a hydrophobic and nonpolar molecule, while
threonine is a hydrophilic and polar molecule. The muta-
tion introducing threonine may disturb the structure of
the polypeptide by causing a difference in bulk and phys-
ical properties between the normal and the mutated ami-
no acid. In the 3-D structural modeling studies, there is a
0.37-nm space displacement between Alal21 and Thr121
and a certain amplitude of turnover of loop Alall5-
Phel24. These changes can influence the conformation of
the enzyme. The score of the algorithms of PolyPhen2
was 0.849 which was below the threshold (0.902) showing
the effect of the mutation on the enzyme function was
harmful referring to HumVar which is the preferred
model for diagnostics of Mendelian diseases to distin-
guish mutations with drastic effects from all the remain-
ing human variations including abundant mildly delete-
rious alleles. The PROVEAN score was -2.569 (threshold
-2.5), which is below the default threshold, and the vari-
ant is considered “deleterious.” Those results suggested
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the local conformation and function of the enzyme might
be damaged by the mutation.

In conclusion, a novel FUT1 allele (FUT1*¢c.361G>A)
was identified in a Chinese individual with para-Bombay
B phenotype. The FUT1¢c.361G>A mutation, along with
the other reported silenced FUT1 mutation, causes the
rare para-Bombay phenotype by changing the conforma-
tion and then affecting the efficiency of the encoded
2a-fucosyltransferase through the amino acid substitu-
tion Ala121Thr.
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