
Table 2. Genotypc and phcnotypr of 
adrninc-requirinq yeasts. AD and ad siq- 
nify qenrs controlling adenine synthesis. 
AER and arr siqnify respiratory pheno-
type. 

Synthetic 
Respira- adenineless 

Gcno- tory mcdia 

type phrnot).pe rlSar Broth 
2 days 2 days 

AD AER f f 

AD aer -or t/- + 

ad AER - -

ad arr - -


trolling thc rati.3 of carbohydrate fer-
mentation in yeasts should bc clarified 
b j  tests of the comprtence of thr rrq-
piratory mechanisms of the segregants 
i~ivolved. 

Similar co~l?plications are involved in 
the diagnosis of phenotype and genotype 
in adenine-requiring ( a d )  yeasts. T h e  
pinkish-red pigmentation of these yeasts 
is controlled by ( i )  genes, ( i i )  extra-
cllromosonisl factors, and (ii i)  environ- 
nient i l l  i .  Both wink and brownish cul- 
tures gibe rise to adenine-rrquiring ~vhi te  
colonies spontaneouslj, with relatively 
high frequmcies. T h e  pink color is rc3- 
stored on outcross to normal, and qc-
netic tests revealed that gene mutation 
was not involved in the spontanrous 
cliangr froni red to white. In  thr ab-
scnce of contact lvith air, such cultures 
form little or no pigment. Crrtain ade- 
nine-requiring, respiration-deficient pig-
m c ~ ~ t e d  onstrains form ~vhi te  colonies 
0.1 percent glucose agar ( 1 2 ) ,  brorl-nish 
colonies on 2 percent glucose agar, and 
deep red colonies on 8 percent glucosc 
agar. Other nutritional factors (the con- 
centration of yeast extract) influence 
color. In  several strains, adenine-requir- 
ing, respiratioll-deficialt clones can bc 
distinguished from adenine-requiring, 
respiratioll-sufficient clones on 2 percent 
agar, on ~vhich the former are brown, 
while the latter are pink ( 1 3 ) .  

For some unlino~vn reason, the phe-
notype of adelline-indcpenderit ( A D ) ,  
respiration-deficient yeasts is different 
in synthetic broth and on sj-rithetic agar 
(Table 2 )  when scored over the usual 
period of from 1 to 2 days. Such cul- 
tures do not develop the positive phc- 
notype (confluent grov th )  on adeninr-
less synthetic agar plates, although the) 
are phenotypically adenine-independent 
(show rapid growth) in broth. If an ade- 
nine-independent, respiration-dehcient 
culture is diagnosed erroneously as adc- 
nine-dependent (because of the pheno- 
type on agar) ,  the vigorous gro~vth ~vhich 
the hybrid ~v i th  an adcninc-dependrnt 
AER culture (AD aer x ad A E R )  dis-
plays on agar might be interpreted in- 
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correctly to indicate the presence of tx\o 
nonallelic gencxc; controlling adenine-st 11-

thesis. 
I n  certain lnatinqs (8) betneen (1) 

adenine-dependent mutants of strain 
8256 ~vhich had been altered from pink 
to bro~vn by ultraviolet irradiation and 
( i i )  adenine-dependent niutants of strain 
8282 which had changed spontaneously 
from pink to brown, the hybrid was 
pink-that is, bro~vn x brolvn produced 
pink-suggesting the presence of non-
allelic, synergistically acting genes. Sub- 
sequent crosses showed that the brown 
parents were both respiration-deficient 
and that the hybrid Tvas respiratioll-suffi- 
cicnt. In  14 tetrads from three such hy-
brids, segregation was 2 ad rZER pink: 
2 ad aer bro~vn. Tetrad analysis shelved 
that respiratory competence was under 
genic control in one parent and cyto-
plasmic control in the other, and that 
the "nonallelisni" was attributable to 
the restoration of respiratory compe-
tence in the hybrid by the coniple~l?en- 
tary action of gene and cytoplasni. 

A few respiration-deficient progeny 
may be expected from any AER x AER 
hybrid. For example, 31 tetrads from 
such a mating yielded the follolving: 

AER rZER AER rZER 22 
AER AER rZER aer 2 
AER aer aer aer 2 

arr  aer aer aer 5 

I t  may be inferred that the respiratory 
granules are often lost during the proc- 
ess of cutting out the spore plasni froni 
the epiplasm. 

I n  vierv of these results, a funda-
niental ambiguity prevails in certain 
genetical analyses of the inheritance of 
slo~v fermentation, adenine-synthesis, and 
pigmentation. This ambiguity arises from 
the absence of inforlnation concerning 
the respiratory competence of hybrids 
and scgregants. Routine tests of segre-
gants for their respiratory phenotypes 
are an esscntial cornplenient to any ge- 
netical analysis, regardless of the res-
piratory competence of the parents. 
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"Lethal" Variant of 
Candida albicans, a 
"Petite Colonie" Mutant 

Two snontanrous and irreversible he-
reditary variants may be easily distin-
guished in the pathogenic yeast Can-
dida albicans ( I ) .  T h e  colonies of the 
normal ( ~ v i l d )  form, strain 582, are 
smooth and are built up by typical yeast 
cells ("Y" fo rm) .  One variant, strain 
806, gives wrinkled, hard, rough colonies, 
and, microscopically, it is filamentous or 
lnycelial ("M" form or variant).  T h e  
second variant Lvas called "lethal," and 
it is characterized by smaller sized colo- 
nies that pcrish rather rapidly. 

Nickerson carried out studies \vith 
strains 582 ("Y"formi and 806 i"l\fn 
variant), and, in a recent p;rper, Nicker- 
son and Falcone ( 2 )  state that the "h,I'' 
variant is deficient in a protein-disulficle 
reductase that is apparently essential for 
cell division but not for growth. 

We have studied the biochenlical be-
havior of the "lethal" variant (strain 
807) ,  and our results show that the respi- 
ration of the mutant is nearly abolished. 
I11 rnanolnetric studies in a Warburg 
apparatus (yeast, 4 nlg; buffer, 0.05A4 
KH,PO,; substrate, 100yM glucose; 
temperature, 30°C; atmosphere, air or 
AT2)the normal form gave: & ~ . o , ~ z= 13.2 
(ul/mg of yeast per 10 niinutcs); 
QcoXai r= 8.9; QoZai i= 6.8; respiratory 
quotient = 1.3; and Pasteur effect = 33 
percent (inhibition). O n  the other hand, 
the follo~ving results were obtained with 
the "lethal" variant: Qi.o,"r = 12.4; 
Q Q . o ~ ~ ~ ~= 12.5; Qo,"" = 0.24; respiratory 
quotient = 53; and Pasteur effect = 1.6 
percent (inhibition). 

Cytochrome-a and -b bands were ab-
sent froni the absorption spectrum of the 
"lethal" mutant. These bands were pres- 
cnt in the spectrum of the nornlnl form. 
T h e  cr and B bands of cytochrome c wrre 



-- 

present in the spectra of both the normal 
and the "lethal" forms. 

Our  results demonstrate that the 
"lethal" variant of Candida albicans and 
the "petite colonic" mutant of Saccharo-
ntj3ces c ~ r ~ c i s i a ~  by Ephrussi described 
(.? j have thc same physiological iinpair- 
ment. This fact suggests that the heredi- 
tary 10,s of the respiratory function inay 
bc a frequent phenomenon among niicro- 
organisms endoxved rvith both aerobic 
and anaerobic metabolism. 

XNIBAL~ I . V A R E Z  

Jc-AK E. MACICIKNOK 
Institute d~ Higiene, 
Facultad de Medicinn, 
Montecideo, Cruguay 

References 

1 	 J. E. Siackinnon. J. Infectiorci. Diivaiei 66, 59 
( 1 9 4 0 ) .  

2. 	 W .  J .  Kickeron and G. Falrone. Science 124. 
722 ( 1 9 5 6 ) .  

3 .  	 B. . . inE~hrusbi.S i~r luo -Cr tob lo im ic  R t - l o t i o~~ i .  
A l i c ~ ~ - O ~ g u ~ i i ~ ~ ~ s(Clarendon, Oxford, 1953 ) .  

0-Methylation of Epinephrine 
and Other Catechols 
in vitro and in vivo 

For the past 20 years the catechol 
ainines, epinephrine and norepinephrine, 
have been considered to be transformed 
in the body, niainly by nionoamine oxi- 
dase. I-Ioaever, recent investigations havr. 
shown that these ainines may be inacti- 
vated by enzymes other than monoainine 
oxidase ( I , .  T h e  important observation 
of Armstrong and Mchlillan (2),that a 
major metabolic product of epinephrine, 
and norepinephrine is 3-niethoxy-4-hy-
droxy mandelic acid, suggested that ineth- 
oxy derivative of the catechol ainines 
inay be the precursors of the deaininatecl 
compound. I wish to report the isolation 
of an enzyme from rat liver xvhich cata- 
lyzes the 0-methylation of epinephrine 
and other catechols. I n  addition, thc 
prescncc of methoxy epinephrine and 

Table 1. Enzymatic 0-methylation of 
epinephrinc. The soluble supernatant frac- 
tion from 10 mg of rat liver was incubated 
at 3 i ° C  with 0.1 l~mole of 1-epinephrine 
bitartrate. 50 pmole of phosphate buffcr 
(pH 7.4) ,  20 pmole of MgCln. and water 
to make a final volume of 0.5 ml. After 
30 minutes of incubation: the reaction 
mixture was assayed for epinephrine (13). 
-- -- - - - - ~ -- --

I-Epincphrine 
Additions metabolized 

( umole ) 
-~-- -- --- .p~ 


None 0.000 
S-.L\denosvlmethionine, 

0.05 ymole (8) 0.041 
S-..\denosylmcthionine: 

0.1 pmole 0.065 
-	 --~ 
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niethoxy norepinephrine in the urine 
Ivas demonstrated. 

Enzymes have been found which 
transfer the methyl group of S-adeno-
sylinethionine to the nitrogen of nicotin- 
aniide (3) and guanidoacetic acid (4j. 
Thesr findings suggested the possibility 
that phenols also could accept methyl 
Kroups by a similar mechanism. Incuba- 
tion of the soluble supernatant fraction 
of rat liver with epinephrine, adenosine 
triphosphate, and niethionine resulted 
in the disappearance of the cathechol 
ainine. In  the absence of either cofactor, 
no metabolism took place. Cantoni has 
sholvn that an enzvine in the 1ivcr can 
form S-adenosylinethionii~e froin adeno- 
sine triphosphate and methionine ( 5 ) .  
\\?hen S-adenosylrnethionine was substi-
tuted for adenosine triphosphate and 
methionine, a more rapid disappearance 
of epinephrine Tvas observed (Table 1 1 .  
T h e  metabolic product was extracted 
into an ether-isoainyl alcohol mixturc-
at  $13 9.0 and \\-as then returned to 
dilute hvdrochloric acid. The  acid ex-
tract contained a phenolic compound 
\\-hich did not give a reaction for cate- 
chols ( 6 ) .These observations lvere taken 
as evidence that an  enzyine present in 
rat liver can transfer the methyl group 
of S-adenosylniethionine to one of the 
phenolic groups of epincphrine. 

Several other catechols (norepineph-
rine, 3,4-dihydroxyphenylethylaInine,and 
3,4-dihydroxybenzoic acid) also served 
as substrates for the enzyme. T h e  en-
zyme has been purified 20-fold and is 
stimulated considerably by inagnesiunl 
ions. Suoernatant fractions of brain. kid- 
ney, and spleen can alao 0-inethjlate 
epinephrine, but to a lesser extent than 
the liver. 

Evidence for tlic idmtity of inethoxy 
epinephrinc formed by the enzynie was 
obtaincd by deaininating and oxidizing 
the metabolite with a inonoarnine oxi- 
dase preparation to ) ield 3-inethox) -4 
hydroxyinandelic acid as follo\\s Meth-
ox) ep~nephriile \\ as inrub?ted w lth rat- 

rated urine a t  pI-I 9.0 into an ether-iso- 
amvl alcohol mixture and returned to 
dilute hydrochloric acid. T h e  acid ex-
tract \\ as saturated \\ ith sodlum chloride, 
adjusted to p H  9 0 ,  and shaken \\ i th 
n-butanol. After the butdnol extract \ \as  
evaporated to dryness, the residue \\-as 
dissolved in a small volume of an  ether- 
methanol mixture and subjected to two- 
dimensional chroinatography (solvent 
systems I and 111). A compound xvas 
found that had the same I<! values (0.71). 
and 0.52) and color reaction as the enzy- 
matically formed inethoxy epinephrine. 
The  amount of methoxy epinephrine ex- 
creted in the urine of rats xvas inarkedl\~ 
elel-ated after the intraperitoneal admin- 
istration of iproniazid and 1-epinephrine 
bitartrate ( 9 ) .  

Rat  urine was also examined for 
niethoxy norepinephrine after the intra- 
peritoneal administration of 1-norepi-
nephrine bitartrate. Urine was incubated 
with [3-glucuronidase and extracted as 
described in the preceding paragraph. 
After the extract had been subiected to 
two-diniensional chromatography (sol-
vrnt systems I and 111), a compound 
was found that had the same Rpvalues 
(0.54 and 0.43) and color reaction as 
enzymatically formed inethoxy norepi- 
nephrine ( 1 0 ) .  

O n  the basis of the experiment de-
scribed, the follo\\ing scheme for the 
metabolism of epinephrine and its con-
gener3 is 3uggested: 

Epinephrine O-nleth,latlon methoxy 
I 	 -+ epinephrine1 deamination

deanlination and 
oxidation

oxidation 3-methosv-4-
hydroxy-

3,4.Dihydrosy. 0-methylation mandelic 
mandclic acid ------+ acid 

Bdrger and Dale (1I ) ,  as I\ ell as other 
iilvestigators, have sho\\n that numerous 
derivatives of epincphrine have stm-
pathoniinietic action. I t  is conceivable 
that sonic of the activity of the catechol 

liber mitochondria, and the ~ n e t ~ ~ b o l ~ cainines could be mediated through their 
product \\a3 extrac tcd \ \ i th  ethyl acetate 
at $ H  1 ,  rcturncd to , I  dllute 3odiurn 
bicarbonate solution, and rcextractetl 
into ethvl acetate at ~ J H  1. T h e  re3ult:ilq 
compound, when 3ubjected to p ~ p e ~  
chromatography xvith ~cvcral  solvent sys- 
tems (7),had thc. samc R,, values and 
color reaction as an authentic sample of 
3-inethoxy-4-hydroxymandelic acid (8;. 
;1 marked depression ill thr formation 
of the deaminated clvrivative was ob-
served \\-hen the mitochondria1 prepara- 
tion \\-as obtained from a rat that hat1 
been pretreated lvith iproniazid, an inhi- 
bitor of monoainine oxidase. 

Urine of rats \ \as examined for meth- 
oxy epinephrine after incubation !titi: 
fi-glucuronldase. Phenolic ainines J\  ere 
extracted from a sodiuin chloride-\atu- 

niethoxy transformation products ( 1 2 ) .  
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