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ABSTRACT
We have recently identified a point mutation in the
mitochondrially encoded tRNALeU(UUR) gene which
associates with a combination of type 11 diabetes
mellitus and sensorineural hearing loss in a large
pedigree. To extend this finding to other syndromes
which exhibit a combination of diabetes mellitus and
hearing loss we have sequenced all mitochondrial tRNA
genes from two patients with the Wolfram syndrome,
a rare congenital disease characterized by diabetes
mellitus, deafness, diabetes insipidus and optic
atrophy. In each patient, a single different mutation was
identified. One is an A to G transition mutation at np
12,308 in tRNALoU(CUN) gene in a region which is highly
conserved between species during evolution. This
mutation has been described by Lauber et al. (1) as
associating with chronic progressive external
ophthalmoplegia (CPEO). The other is a C to T
transition mutation at np 15,904 in tRNAThr gene. Both
mutations are also present in the general population
(frequency tRNALeU(CUN) mutation 0.16, tRNAThr
mutation 0.015). These findings suggest that
evolutionarily conserved regions in mitochondrial tRNA
genes can exhibit a significant polymorphism in
humans, and that the mutation at np 12,308 in the
tRNAL.U(CUN) gene is unlikely to be associated with
CPEO and Wolfram syndrome.

INTRODUCTION
During the past three years, changes in the mitochondrial genome
have been described in a number of human diseases. Large
deletions of mitochondrial DNA (mtDNA) have been reported
in patients with Kearn-Sayre Syndrome (KSS) and progressive
external ophthalmoplegia (PEO) (2-4), Pearson's syndrome

(5,6), Parkinson's disease (7), and even in healthy individuals
(8). Duplications of mtDNA have been described in two patients
with mitochondrial myopathy (9). Point mutations in mtDNA
genes encoding subunits of respiratory complexes have been
linked to Leber's hereditary optic neuropathy (10-12) and to
a syndrome characterized by ataxia, retinitis pigmentosa, and
peripheral neuropathy (13). Mutations in mitochondrial tRNA
genes were first identified in patients with myoclonic epilepsy
and ragged red fibers (MERRF) (14), and in patients with
mitochondrial myopathy, encephalopathy, lactic acidosis and
stroke like episodes (MELAS) (15). Several more tRNA
mutations, which are all linked to specific neuromuscular
diseases, have recently been reported (1,16-20).
We have identified a mutation in the mitochondrial

tRNALeu(UUR) gene in a kindred of maternally transmitted
diabetes mellitus and sensorineural hearing loss (21). To discover
whether similar mutations occur in other patients having a
combination of diabetes mellitus with deafness we examined
patients with Wolfram (or DIDMOAD) syndrome. This
syndrome is characterized by diabetes insipidus (DI), diabetes
mellitus (DM), optic atrophy (OA) and deafness (D) (22,23).
Its mode of inheritance seems autosomal recessive (24). Diseases
linked to mtDNA changes can be found in sporadic cases or are
inherited in a maternal or autosomal way (25). In view of both
the diverse genetics of mitochondrial diseases, and the relation
in clinical phenotype, we have sequenced all tRNA genes of
mtDNA from two Wolfram patients. In each patient a different
mutation was identified: A to G at np 12,308 in tRNALeu(CUN)
and C to T at np 15,904 in tRNAThr.

METHODS
Patients
Patients were diagnosed as having Wolfram syndrome if they
exhibited the classical symptoms (22,23).
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DNA preparation
Total DNA was isolated from blood and cultured primary
fibroblasts by standard procedures (26,27).

DNA sequencing
MtDNA fragments encompassing tRNA genes were amplified
from total DNA derived from fibroblasts by the standard PCR
procedure (28) using following sets of 20-mer oligonucleotides
(nucleotide positions (np) as in Cambridge mtDNA sequence
(29)): np 245-264 (forward:f) and np 706-687 (reverse:r) for
tRNAPhe; np 1,412-1,431 (f) and np 1,856-1,837 (r) for
tRNAval; np 3,029-3,048 (f) and np 3,456-3,437 (r) for
tRNAL="J(lR); np 4,211-4,230 (f) and np 4,668-4,649 (r) for
tRNAIIe, tRNAGIn and tRNAfmet; np 5,464-5,483 (f) and np
5,955-5,936 (r) for tRNATrP, tRNAA,a, tRNAAsn, tRNACys and
tRNATYr; np 7,048-7,067 (f) and np 7,865-7,846 (r) for
tRNASer and tRNAAsP; np 8,134-8,154 (f) and np
8,626-8,607 (r) for tRNALYs; np 9,774-9,793 (f) and np
10,273-10,254 (r) for tRNAGIY; np 10,166-10,185 (f) and np
10,604-10,585 (r) for tRNAArg; np 12,114-12,133 (f) and np
12,585-12,566 (r) for MNALeu(cuN), tRNASer and tRNAHis; np
14,544-14,563 (f) and np 15,042-15,023 (r) for tRNAGlu; np
15,788-15,807 (f) and np 16,259-16,240 (r) for tRNAThr and
tRNANO°. The double stranded PCR products were purified by
electrophoresis on low melting temperature agarose gel (Nusieve)
and used directly for DNA sequencing with the same sets of
primers by an adapted dideoxy chain termination method (30).

Restriction enzyme analysis
A 471 bp fragment encompassing the tRNAThr mutation site,
located at np 15,904, was amplified by PCR (primers np
15,788-15,807 (f) and np 16,259-16,240 (r)). The mtDNA
fragment was digested with Ase I for one hour at 37°C and the
fragments (355 and 116 bp) were separated on a 1.5% agarose
gel. Bands were visualized by ethidium bromide staining.

A 144 bp fragment encompassing the tRNALeu(CUN) mutation
site, located at np 12,308, was amplified by mispairing PCR (1)
(primers np 12,190-12,209 (f) and np 12,338-12,309 (r)). The
reverse 30-mer oligonucleotide (5'-ATTACTTTTATTTGGA-
GTTGCACCAGAATT) contains a nucleotide that differs from
the Cambridge mtDNA sequence (29) (A to G substitution;
underlined in oligonucleotide sequence). With this modification
an Eco RI site is created. The mtDNA fragment was digested
with Eco RI for one hour at 37°C and the fragments (119 and
25 bp) were separated on a 2.5% agarose gel. Bands were
visualized by ethidium bromide staining.
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Figure 1. Mt DNA sequences surrounding the mutated site in mitochondrial
tRNALeu(CUN) in Wolfram patient W1 (a) and tRNAThr in Wolfram patient W2
(b). Corresponding sequences from a control individual (C) are shown.

Figure 2. Proposed secondary structures of mitochondrial tRNALeU(CUN) (a) and
tRNAThr (b) genes. Mutations at np 12,308 in the variable loop of tRNAI-eu(CUN)
(a) and at np 15,904 in the DHU loop of tRNAThb (b) are indicated.
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RESULTS
DNA sequencing of all mitochondrial tRNA genes from one
patient with Wolfram syndrome (WI) revealed an A to G
transition mutation at np 12,308 (Fig. la), being located in the
variable loop of tRNALCu(CUN) (Fig. 2a). This position is highly
conserved between species during evolution (Fig 3a).
Homoplasmy was seen in fibroblast and leucocyte DNA. To
determine whether this mutation was specific for patients with
Wolfram syndrome, we analyzed mtDNA from blood of three
other Wolfram patients by mispairing PCR (ref). A mtDNA
fragment encompassing the tRNALeu(cUN) mutation site (144 bp)
was amplified and digested by Eco RI. This restriction enzyme
cleaves the mutant sequence only, creating 119 and 25 bp
fragments. The tRNALeu(CUN) mutation could not be detected in
these Wolfram patients (result not shown), which indicated that
this mutation was either specific for the particular patient or
reflects a neutral polymorphism. Subsequent analysis showed that
the mutation was present in homoplasmic state in blood from
the patient's mother and his sister (both healthy individuals) and
in 12 out of 75 healthy controls from the general population
(Fig. 4a).
We also sequenced all mitochondrial tRNA genes from

Wolfram patient W2. This resulted in the identification of a
homoplasmic C to T transition mutation at np 15,904 (Fig. lb),
being located in the DHU loop of tRNAThr (Fig. 2b). This
mutation is in a region which is poorly conserved between species
during evolution (Fig. 3b). Then, mtDNA of three other Wolfram
patients was subsequently analyzed for the presence of this
mutation. A mtDNA fragment encompassing the tRNAThr
mutation site (471 bp) was amplified by PCR and digested by
Ase I. This restriction enzyme cleaves the mutant sequence,
resulting in 355 and 116 bp fragments. The tRNAThr mutation
could not be detected in any of these patients (result not shown).
In blood from the patient's mother and his brother (both healthy
individuals) the mutation was present in homoplasmic form as
it was in 1 out of 66 healthy controls (Fig. 4b).

DISCUSSION
Sequencing analysis of all 22 mitochondrial tRNA genes from
two patients with Wolfram syndrome resulted in the identification
of a single different point mutation in each patient. One is an
A to G transition mutation at np 12,308 in the tRNAl2u(CuN)
gene. This mutation is in a region which is highly conserved
between species during evolution and has been found to associate
with Chronic Progressive External Ophthalmoplegia (CPEO)(1).
Using DNA from other Wolfram patients, distant relatives and
a large panel of controls, we have shown that this mutation is
neither specific for patients with Wolfram syndrome nor specific
for patients with CPEO, but is a polymorphism that occurs with
a high frequency (0.16) in the general population. The other point
mutation we have identified is a C to T transition at np 15,904
in tRNAThr gene. Similarly, using distant relatives and a large
number of controls, we could show that this mutation is a
polymorphism and occurs in the general population with low
frequency (0.015). This report shows that mutations in
evolutionarily conserved regions can occur without having a direct
effect on the clinical phenotype. It remains to be established
whether these mutations are risk factors for particular diseases.

In the last year more than 15 different mitochondrial tRNA
gene mutations have been described as associating with
neuromuscular diseases (1,14-20). A tRNALYS mutation was
present in several pedigrees with MERRF, but it was absent in
two other cases of MERRF (14,32), a tRNALeU(UUR) mutation
was identified in 26 of 31 patients with MELAS (15) and in a
large pedigree with diabetes mellitus (21) and another
tRNALeu(UUR) mutation segregated with cardiomyopathy in a
single large pedigree (16). All three mutations show
heteroplasmy, and were absent in a large panel of controls.
Heteroplasmy has been suggested to be an indicator for
pathogenetic mutation, since it is generally absent in normal
individuals (16). All other tRNA gene mutations were
homoplasmic and were identified in single patients. No controls,
or only small numbers, were analyzed in these cases.
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Figure 3. Interspecies homology of tRNALeU(CUN) (a) and tRNATrh (b) genes.
The boxed nucleotides indicate the positions of the mutations in the Wolfram
patients WI and W2 and the evolutionary conservation between human, bovine,
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Figure 4. Detection of tRNALeu(cUN) mutation by Eco RI digestion in Wolfram
patient WI, her mother and sister (a) and tRNA hr mutation by Ase I digestion
in Wolfram patient W2, his mother and brother (b). 5 of 75 controls for the
tRNALeu(CUN) mutation and 5 of 66 controls for the tRNAThr mutation are
shown. Fragment sizes in basepairs are indicated.
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As yet little is known about the effects of the tRNA gene
mutations on the biological properties of the tRNA molecule and
the way they affect the functioning of the mitochondrion. The
tRNALYS mutation in MERRF patients results in severe
mitochondrial protein synthesis defect (14,33) and the
tRNAI-eu(uuR) mutation in MELAS and diabetes patients gives
rise to severe impainnent of 16S ribosomal RNA transcription
ternination, resulting in an imbalance between the amounts of
ribosomal and other RNA transcripts (34). The effect of all other
tRNA gene mutations on the transcription and translation of
mitochondrial genes remains to be investigated.

ACKNOWLEDGEMENTS
We would like to thank Drs. H.H.P.J.Lemkes, W.M6ller and
H.M.J.Krans for stimulating discussions. This study was
supported by a grant from the Diabetes Fonds Nederland.

26. Miller,S.A., Dykes,D.D. and Polesky,H.F. (1988) Nucl. Acids. Res., 16,
1215.

27. Sambrook,J., Fritsch,E.F. and Maniatis,T. (1989) Molecular Cloning: a
laboratory manual 2nd ed. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY.

28. Saikd,R.K., Gelfand,D.H., Stoffel,S., Scharf,S.J., Higuchi,R., Horn,G.T.,
Mullis,K.B. and Erlich,H.A. (1988) Science, 239, 487-491.

29. Anderson,S., Banlder,A.T., Barrell,B.G., de Bruijn,M.H.L., Coulson,A.R.,
Drouin,J., Eperon,I.C., Nierlich,D.P., Roe,B.A., Sanger,F., Scbreier,P.H.,
Smith,A.J.H., Staden,R. and Young,I.G. (1981) Nature, 290, 457-465.

30. Casanova,J.L., Pannetier,C., Jaulin,C. and Kourilsky,P. (1990) Nucl. Acids.
Res., 18, 4028.

31. Sprinzl,M., Dank,N., Nock,S. and Schbn,A. (1991) Nucl. Acids. Res., 19
suppl.,2127-2171.

32. Zeviani,M., Amati,P., Bresolin,N., Antozzi,C., Piccolo,G., Toscano,A. and
DiDonato,S. (1991) Am. J. Hum. Genet., 48, 203-211.

33. Chomyn,A., Meola,G., Bresolin,B., Lai,S.T., Scarlato,G. and AttaLdi,G.
(1991) Mol. Cell. Biol., 11, 2236-2244.

34. Hess,J.F., Parisi,M.A., Bennett,J.L. and Clayton,D.A. (1991) Nature, 351,
236-239.

REFERENCES
1. Lauber,J., Marsac,C., Kadenbach,B. and Seibel,P. (1991) Nucl. Acids. Res.,

19, 1393-1397.
2. Holt,I.J., Harding,A.E. and Morgan-Hughes,J.A. (1988) Nature, 331,

717-719.
3. Lestienne,P. and Ponsot,G. (1988) Lancet, i, 885.
4. Moraes,C.T., DiMauro,S., Zeviani,M., Lombes,A., Shanske,S.,

Miranda,A.F., Nakase,H., Bonilla,E., Werneck,L.C., Servidei,S.,
Nonaka,I., Koga,Y., Spiro,A.J., Brownell,A.K.W., Schmidt,B.,
Schotland,D.L., Zupanc,M., DeVivo,D.C., Schon,E.A. and Rowland,L.P.
(1989) New Engl. J. Med., 320, 1293-1299.

5. McShane,M.A., Hammans,S.R., Sweeny,M., Holt,I.J., Beattie,T.J.,
Brett,E.M. and Harding,A.E. (1991) Am. J. Hum. Genet., 48, 39-42.

6. Rotig,A., Colonna,M., Bonnefont,J.P., Blanche,S., Fischer,A.,
Saudubray,J.M. and Munnich,A. (1989) Lancet, i, 902-903.

7. Ibe,S., Tanaka,M., Ohno,K., Sato,W., Hattori,K., Kondo,T., Mizuno,Y.
and Ozawa,T. (1990) Biochem. Biophys. Res. Commun., 170, 1044-1048.

8. Yen,T., Su,J., King,K. and Wei,Y. (1991) Biochen. Biophys. Res. Commn.,
178, 124-131.

9. Poulton,J., Deadman,M.E. and Gardiner,R.M. (1989) Lancet, i, 236-240.
10. Wallace,D.C., Singh,G., Lott,M.T., Hodge,J.A., Schurr,T.G.,

Lezza,A.M.S., Elsas II,L.J. and Nikoskelainen,E.K. (1988) Science, 242,
1427-1430.

11. Howell,N., Kubacka,I., Xu,M. and McCullough,D.A. (1991) Am. J. Hum.
Genet., 48, 935-942.

12. Huoponen,K., Vilkki,J., Aula,P., Nikoskelainen,E.K. and Savontaus,M.
(1991) Am. J. Hum. Genet., 48, 1147-1153.

13. Holt,I.J., Harding,A.E., Petty,R.K.H. and Morgan-Hughes,J.A. (1990) Am.
J. Hum. Genet., 46, 428-433.

14. Shoffner,J.M., Lott,M.T., Lezza,A.M.S., Seibel,P., Ballinger,S.W. and
Wallace,D.C. (1990) Cell, 61, 931-937.

15. Goto,Y., Nonaka,I. and Horai,S. (1990) Nature, 348, 651-653.
16. Zeviani,M., Gellera,C., Antozzi,C., Rimoldo,M., Morandi,L., Villani,F.,

Tiranti,V. and DiDonato,S. (1991) Lancet, 338, 143-147.
17. Tanaka,M., Ino,H., Ohno,K., Hattori,K., Sato,W., Ozawa,T., Tanaka,T.

and Itoyama,S. (1990) Lancet, 336, 1452.
18. Yoon,K.L., Aprille,J.R. and Ernst,S.G. (1991) Biochem. Biophys. Res.

Commun., 176, 1112-1115.
19. Ozawa,T., Tanaka,M., Ino,H., Ohno,K., Sano,T., Wada,Y., Yoneda,M.,

Tanno,Y., Miyatake,T., Tanaka,T., Itoyama,S., Ikebe,S., Hattori,N. and
Mizuno,Y. (1991) Biochem Biophys. Res. Commun., 176, 938-946.

20. Ozawa,T., Tanaka,M., Sugiyama,S., Ino,H., Ohno,K., Hattori,K.,
Ohbayashi,T., Ito,T., Deguchi,H., Kawamura,K., Nakane,Y. and
Hashiba,K. (1991) Biochem. Biophys. Res. Commun., 177, 518-525.

21. Van den Ouweland,J.M.W., Lenmkes,H.H.P.J., Ruitenbeek,W., De
Vijlder,M.F., Struyvenberg,P.A.A., Van de Kamp,J.J.P. and Maassen,J.A.
(1991) submitted.

22. Wolfram,D.J. (1938) Proc. Mayo Clin., 13, 715-718.
23. Cremers,C.W.R.,Jr., Wijdeveld,P.G.A.B. and Pinckers,A.J.L.G. (1977)

Acta Paediatr. Scand. Suppl., 264, 106-108.
24. Fraser,F.C. and Gunn,T. (1977) J. Med. Genet., 14, 190-193.
25. Shoffner,J.M. and Wallace,D.C. (1990) Adv. Hum. Genet., 19, 267-330.


