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Genetic Control of .B-Hydroxybutyric 
Dehydrogenase in 
Paramecium aurelia 
MAMMALIAN ~-hydroxybutyric dehydrogenase is known to 
be firmly bound to the outer membrane of mitochondria 
and can be extracted by t,he neutral detergent 'Triton 
X-100'1 • In the investiga tion reported here the same 
enzyme was shown- by a simila1· extraction procedure-
to be present in the mitochondria of the protozoa n 
Paramecium aurelia. Extracts were made from a number 
of clones isolated from a natural population of P. aurelia 
(syngen 9), collected near Edinburgh and examined by 
starch gel electrophoresis. Two electrophoretically distinct 
forms of the enzyme were found in different clones and 
have been designated HBD-1 and HBD-2 respectively 
(Fig. la). 

Paramecium aurelia is particularly convenient for the 
study of the genetics of mitochondrial proteins, for when 
para~ecia undergo conjugation, exchange of haploid 
nuclei occurs and the two ex-conjugants-each containing 
cytoplasm (including mitochondria) from one parent only 
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]fig~. la: o.nd b. St~rch gel zymog~am of/l-hydroxybutyric dehydrogenase . 
Stam developed with 0·5 r; ofsodmm-/l-hydroxybutyrate, 3 mg ofnicot in
amlde adenine dinucleot1de, 6 mg of MTT tetrazollum and 0·5 mg of 

phenazine methosulphate in 26 ml, ofO·l M phosphate buffer pH 7·4 . 
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--can be isolated and grown into clones. In this way 
clones of paramecia are obta ined which originate cyto
plasmically from one or other of the parent clones, but 
which contain nuclear genes from both. 

The mitochondrial fraction was homogenized in 1 per 
cent 'Triton X-100,' 0· l M phosphate buffer pH 7 ·4, and 
kept at 4° C for 30 min. The supernatant from this 
extract was then run on a 10 per cent starch gel in a 
tris-citrate buffer using the discontinuous system of 
Poulik 2

• Electrophoresis was carried out at 18 v/cm with 
the gel at 4° C (cooled by an ice-pack), until the brown 
borate line was 3-4 cm from the anodal wick. The gel 
was sliced and stained for ~-hydroxybutyric dehydro
genase activity using a method adapted from a histo
logical stain•. 

Heterozygotes were obtained (from both cytoplasmic 
origins) by crossing paramecia containing HBD-1 and 
HBD-2 respectively. The hybrids containing cytoplasm 
from either conjugant gave identical patterns on starch 
gel electrophoresis. This immediately suggests that the 
genetic factors controlling ~-hydroxybutyric dehydro
genase are nuclear and not cytoplasmic. To confirm this, 
heterozygotes of the type HBD-1/HBD-2 were passed 
through autogamy and a 1 : 1 ratio was obtained, indicat
ing the segregation of a pair of alleles corresponding t o 
the two forms of the enzyme (for details of the genetics 
of P. aurelia see ref. 4) . These results are shown in 
Table 1, and establish that this enzyme, although firmly 
bound to the mitochondrial membrane, is controlled by a 
nuclear gene. 

HBD-1 
24 

Table 1 

HBD-2 
34 

To tal 
58 

(x' = l ·72 not significa nt at t.he 5 per cent level) 

The segregation of the two alleles HBD-1 and HRD-2, after passing the 
heterozygote through autogamy. 

This raises further questions as t o where the poly
peptides are synthesized and how they pass into the 
mitochondrial membranes. Using isolated mitochondria, 
Roodyn, Work and Reis ' found incorporation of radio
active amino-acids into a 'Triton X-100' insoluble frac
tion; this would suggest tha t synthesis of proteins soluble 
in 'Triton X-100' occurs outside the mitochondrion. This 
means that the polypeptides must be assembled and 
incorporated into the membrane from outside. 

A further piece of information which has come from 
this work is that ~-hydroxybutyric dehydrogena.c,e is a 
tetramer, consisting of identical polypeptide chains. In 
the homozygous state the enzyme occurs as a single band, 
for all the polypeptides are identical, whereas in the 
heterozygous state a fivo banded pattern is obtained. 
This is easily explained if HBD-I consists of four poly
peptides AAAA and HBD-2 consists of BBBB (A and B 
differing in charge); the heterozygote will then contain a 
randomly assorted mixture of the two types• as shown in 
Fig. lb. 
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