
tramuscularly. The animals were killed 
at various times after this treatment 
(9 to 14 days), and complete autopsies 
were performed. Half of each ovary 
was fixed in 4 percent buffered glutaral- 
dehyde or in 1 percent buffered osmium 
tetroxide and embedded in araldite; 
thin sections were stained with uranyl 
acetate and lead citrate and examined 
in a Philips-200 electron microscope. 
The remaining portion of each ovary 
was fixed in 10 percent buffered forma- 
lin and embedded in paraffin; semiserial 
sections were stained with hematoxylin- 
eosin and periodic acid-Schiff reagent. 
Thick sections of material embedded 
in aradite were stained with 1 percent 
toluidine blue. 

Under the light microscope there 
were signs of stimulation in both the 
follicular apparatus and the oocyte of 
all treated animals. Dissociation of fol- 
licular cells, early formation of the 
antrum, and hyperplasia of the theca 
cells were observed. No alterations of 
the zona pellucida were detected even 
in mature eggs examined shortly be- 
fore ovulation. 

When studied with the electron mi- 
croscope, most of the oocytes (in sec- 
ondary and tertiary follicles) of ani- 
mals treated with gonadotropin showed 
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various degrees of alteration of the 
zona pellucida. These changes consisted 
of a fine vesiculation of the outer parts 
of the zona, especially in areas where 
there was an early retraction of the 
granulosa cell prolongations (Fig. 1). 
The severity of the vesiculation was 
closely related to the stage of follicu- 
lar and oocyte maturation; it spread 
throughout the zona just before ovula- 
tion. The granulosa cells had the ap- 
pearance of active secretory cells. No 
alterations of the zona pellucida were 
observed in the oocytes of the control 
monkeys (Fig. 2). 

The increased response to the go- 
nadotropin stimulation was evident in 
the ovaries as well as in other repro- 
ductive organs of the experimental ani- 
mals. Signs of hyperstimulation, such 
as ovarian cysts, and a hyperplastic 
proliferative endometrium with in- 
creased ciliogenesis were common find- 
ings. These might have been responses 
to high concentrations of estrogen in- 
duced by the treatment, as the fine 
vesiculation of the zona pellucida might 
also be. On the other hand, the influ- 
ence of estrogens on the loss of the 
zona pellucida has been demonstrated 
in the rat (5); in this animal the zona 
persists if the ovaries are removed on 
day 2 of pregnancy and, unless estro- 
gen is supplied, remains undissolved 
in the uterine cavity. 

Since the rhesus monkeys showed no 
changes in the zona pellucida observ- 
able with the light microscope, even in 
cases of gonadotropic hyperstimulation, 
it seems improbable that the "anom- 
alies" reported in the baboon (3) are 
related to gonadotropin treatment. Since 
it is very difficult to fix the zona pel- 
lucida properly, it is possible that the 
changes in the zona pellucida of the 
baboon were caused by an acid fixative, 
especially when one analyzes the modi- 
fications present in the ova and gran- 
ulosa cells of the reported pictures. 

CESAR A. MARUFFO 

Department of Pathology, 
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Center, Beaverton 
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Phenotypic Masking and 

Streptomycin Dependence 
Abstract. In attempting to define the 

role of ribosomes in the mechanism 
of streptomycin dependence, a new 
phenomenon has been discovered. 
Analysis of this phenomenon-called 
phenotypic masking-leads to the con- 
clusion that "streptomycin dependent" 
mutants are actually "drug dependent" 
because their dependence is equally 
satisfied by several drugs. These drugs, 
some of which are totally unrelated 
chemically, act on the ribosome and 
induce misreading in vitro and sutp- 
pression in vivo. 

Streptomycin induces suppression of 
a number of genetic mutations (1, 2) 
and causes misreading of the genetic 
code (that is, ambiguity) in vitro (3, 4). 
The site of this action is the 30S sub- 
unit of the ribosome (3). Mutations at 
the streptomycin locus (Sm) may re- 
duce or eliminate ambiguity (3, 4). 
They may also restrict or abolish the 
genetic suppression of nonsense muta- 
tions (5). The molecular basis of in- 
duction of ambiguity and of restric- 
tion of suppression is not known, but 
the two phenomena may be ascribed 
to two alterations of the ribosomal 
structure with opposite effects, namely 
that the ribosome in performing its 
function of translation, may become 
too flexible in the presence of strepto- 
mycin or too rigid upon genetic 
mutation. Specifically, streptomycin 
added to ribosomes from strepto- 
mycin-sensitive (Sm8) strains induces 
misreading of certain codons, thereby 
introducing ambiguity into the process 
of translation. Ribosomes from strepto- 
mycin resistant (Sm1) mutants are re- 
stricted in comparison to Sms in the 
sense that, if they permit ambiguity at 
all in the presence of streptomycin, it 
is only to a very limited extent. Strepto- 
mycin dependence (SmD), for which 
ribosomal involvement has been postu- 
lated (6) and confirmed (7), may be 
explained by the appearance of ribo- 
somes so restricted that they do not 
allow the translation of certain or any 
codons at all. Streptomycin may per- 
mit or stimulate the normal reading 
of those codons which cannot be read 
in the absence of the antibiotic. Func- 
tionally this property of streptomycin 
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duce significant ambiguity with the 
SmD ribosomes as it does with the 
more flexible Sms ribosomes. 

We now report the phenomenon of 
"phenotypic masking" in which growth 
in the presence of a drug results in a 
phenotypic ribosomal alteration that 
masks the actual properties of the cell. 
When this masking effect was removed, 
the SmD strains analyzed could re- 
spond to several misreading agents, 
thus supporting the hypothesis that 
drug-induced ambiguity can overcome 
translational restriction. 

To test one of the predictions of the 
hypothesis that dependence is a re- 
quirement for factors introducing trans- 
lational ambiguity rather than specifical- 
ly for streptomycin, the isolation and 
study of mutants dependent on mis- 
reading agents other than streptomycin 
was attempted. The related drug paro- 
momycin was chosen because it causes 
misreading in vitro and can replace 
streptomycin for phenotypic suppres- 
sion of amber mutations. Moreover, 
spontaneous mutants surviving exposure 
to paromomycin and those surviving 
exposure to streptomycin occurred with 
a similar frequency, in contrast to the 
extreme infrequency of stable survivors 
to other drugs, such as kanamycin, 
neomycin, or .gentamicin, that induce 
misreading. The experiments were per- 
formed with Escherichia coli strain L1, 
an arginine auxotroph of strain B 
which, like the parent, is sensitive to 
streptomycin and to paromomycin. 
Strain LI carries an amber mutation 
(OTCs8a) in the ornithine transcar- 
bamylase structural gene which is re- 
sponsive to streptomycin phenotypic 
suppression, and it is derepressed for 
the arginine pathway (arg R-) as well 
(8). Thus this strain allows one to test 
phenotypic suppression by use of dif- 
ferent misreading agents. About 1010 
cells in the log phase of growth were 
spread on nutrient (L medium) agar 
plates containing 500 jug of streptomy- 
cin or 200 /g of paromomycin per 
milliliter. About 40 percent of the sur- 
vivors (frequency 1 X 10-9) in strepto- 
mycin were unconditionally dependent 
on (or stimulated by) this drug. In 
the paromomycin selection more than 
90 percent of the survivors (frequency 
1 X 10-9) were similarly unconditional- 
ly dependent on (or stimulated by) 
paromomycin. None of the dependent 
isolates yielded colonies when trans- 
ferred directly from the selective (L 
streptomycin or L paromomycin) me- 
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dium to plates containing 1 
drug (paromomycin or strel 
or a mixture of the two. 
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either streptomycin or parc 
grow on L plates containing 
ethanol or 6 percent metha 
panol is far less effective a 
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liscovered retested by spotting them directly on 
er one of plates of L medium containing strepto- 
rl alcohol, mycin, paromomycin or ethanol, any 
D strains one of the three drugs alone permitted 
quirement growth. It thus appeared that the two 
g in cell- classes were phenotypically identical. 
rst found Once grown in streptomycin, however, 
cted with the dependent mutants appear sensitive 
)momycin to paromomycin but dependent on 
2 percent streptomycin or ethanol; conversely, 
nol (pro- once grown in paromomycin they ap- 
nd poly- pear sensitive to streptomycin but de- 

pendent on paromomycin or ethanol. 
But in all cases, the cells are unable to 

th on the 
'he growth form colonies in the presence of strep- 
m L con- tomycin and paromomycin together. 

yeast ex- This sensitivity to a mixture of the 
ercent. The 
concentra- two drugs can account for the changes 

;/ml; paro- in phenotype produced by prior growth 
kanamycin in the presence of either one of the 
DH) 3 per- 
lated on L two antibiotics (but not ethanol), if one 

or paro- assumes that the antibiotic becomes 
leiron eithr fixed to the cell during growth, or that ieir origin, 
)lates of L it induces a modification of its struc- 
nies grown ture. The cells modified in this way 'ernight or 
vhether the cannot grow if directly exposed to the 
e of paro- other antibiotic because this is equiva- 
were then lent to exposing them to the mixture ie different 
(at the in- streptomycin plus paromomycin, which 
nd rows). is toxic. It is no wonder that dependent L strepto- strains selected on streptomycin plates ,re directly 
s of plates and kept in the presence of this drug 

L ethanol. have been generally believed to be 
le colonies 
lere homlo- dependent solely on streptomycin. How- 
selection of ever, it has been noted that some SmD 
tests since strains can also grow on paromomycin 

matedly ob- 
rowth after rowth after but are sensitive to streptomycin plus 
?; ? means paromomycin in combination (11). 
+ means Table 1 summarizes these results. 

The mutants are equally dependent 
ence of either on ethanol or streptomycin or ence of 

igs or paromomycin, and sensitive to all drug 
em mixtures in which streptomycin is one 

component. Moreover, in the presence 
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Table 2. Phenotype of DrugD mutants that were reverted to drug independence while retain- 
ing drug resistance (partially or totally). Eighty percent of the revertants were sensitive to 
streptomycin (type I), 20 percent were resistant to streptomycin (type II). Prior growth of 
type II in the presence of either streptomycin or paromomycin resulted in phenotypic mask- 
ing. The test of drug resistance was done in L medium containing the drugs in the concen- 
trations given in Table 1. The symbols, 0 and +, mean inability or ability to grow in the 
presence of the drugs or their mixtures. 

Type Sm Pm Km Sm Pm Sm+Km Pm+Km 

I 0 + + 0 0 + 
II + + + 0 0 + 

This dependence on several drugs 
(DrugD) could be the result of succes- 
sive mutational steps unintentionally 
selected for during the repeated isola- 
tions of single colonies. However, by 
transduction mediated by bacteriophage 
P1, it was found that the entire com- 
plex phenotype described above is 
transferred in one step from a DrugD 
donor to a wild-type recipient on select- 

ing for resistance to any one of the 
drugs to which the donor strain is 
resistant or dependent. Subsequent anal- 

ysis of all dependent isolates obtained 
by either type of selection (40 from 
streptomycin and over 200 from paro- 
momycin) failed to demonstrate the 
existence of a different class of depend- 
ent mutants. This failure suggests that 
the DrugD mutants described above are 
the most commonly occurring de- 
pendent mutants. 

The change in the phenotypic re- 
sponse to an antibiotic, depending on 
the conditions of growth before testing, 
which we call phenotypic masking, is 
the result of the combination of two 
factors: (i) growth in the presence of 
streptomycin or paromomycin (and pos- 
sibly of ethanol, but to a far less ex- 
tent) results in a modification of a cellu- 
lar element either directly (as by stable 
adsorption of the drug) or indirectly, 
and (ii) the toxicity of any drug mix- 
ture in which streptomycin is one com- 

ponent. Concerning the first point, 
amino acid incorporation experiments 
in vitro (12) with ribosomes extracted 
from DrugD mutants, show that sus- 

ceptibility to misreading depends on 
the drug used for cell growth, and 
that it is the ribosomal component 
which is affected since the origin of the 
soluble components is irrelevant. This 
indicates that the ribosome is the cellu- 
lar element responsible for this pheno- 
typic masking. 

Concerning the second point, it was 
established that the mixtures of strep- 
tomycin and paromomycin, streptomy- 
cin and kanamycin, and streptomycin 
and ethanol are bactericidal, and that 
the extent of killing depends on the 
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mixtures. That is, 99, 94, and 50 per- 
cent of a cell population of these 
DrugD strains growing exponentially 
in L plus streptomycin (500 tug/ml) 
were killed 5 minutes after the addi- 
tion of either paromomycin (200 
tg/ml) or kanamycin (100 /g/ml) or 
ethanol (3 percent), respectively. When 
the proportions of the drugs were 
changed, it was found that an amount 
of streptomycin as low as 5 ,tg added 
to 200 jug paromomycin per milliliter 
or conversely 10 lug of paromomycin 
added to 500 jg streptomycin per mil- 
liliter were equally bactericidal. Notice 
that 5 pg of streptomycin or 10 /zg 
of paromomycin per milliliter are the 
minimal amounts of drug which are 
required to kill the parent strain L1 

(streptomycin and paromomycin sensi- 
tive). Amino acid incorporation experi- 
ments (12) in which the amount of 
streptomycin used (20 jug/ml) was 
above that saturating the system gave 
similar indications. With ribosomes ex- 
tracted from these mutants after growth 
in L medium containing ethanol, it was 
found that ethanol, paromomycin, or 
streptomycin, individually, produce a 
small amount of misreading or none 
at all, but when they are tested in any 
combination containing streptomycin 
the misreading increases consider- 
ably. Furthermore, the efficiency of 
killing and the extent of misreading 
are correlated for the different drug 
combinations. The maximum amount 
of misreading, obtained with streptomy- 
cin plus paromomycin, was comparable 
to that obtained with wild-type ribo- 
somes. These results indicate that, al- 
though a cell dependent on either one 
of several drugs must be implicitly re- 
sistant to each one of them, this re- 
sistance is precarious and may be easily 
nullified if the growth-promoting drugs 
are used in combination. A similar phe- 
notype is displayed by the DrugD mu- 
tants that were reverted to drug inde- 

pendence while retaining drug resist- 
ance (Table 2). The revertants of 
type II, although resistant to strepto- 
mycin, paromomycin, or kanamycin 

when used alone, are sensitive to any 
mixture in which streptomycin is one 
component and exhibit phenotypic 
masking when previously grown in the 
presence of any one of the drugs. 

It is clear that the nature of this 
type of resistance is different from that 
exhibited by drug-resistant mutants se- 
lected in one step. In fact it has been 
possible to independently introduce the 
SmR and DrugD mutations into the 
same genome. A classical SmR muta- 
tion has been transduced into strain 
L1 and the resulting LlSm1 strain has 
been exposed to L plates containing 
paromomycin. The majority of the 
survivors were stimulated by paro- 
momycin. After growth in ethanol 
their phenotype appeared to be drug- 
dependent, like the analogous mutants 
derived from LISms (as described 
above). However, in contrast to the 
LlSmSDrugD strains, these LlSmR- 
DrugD strains were resistant to the 
mixture of drugs that included strep- 
tomycin and prior growth in either 

streptomycin or paromomycin did not 
result in phenotypic masking. This dif- 
ference in resistance to streptomycin 
plus paromomycin has been used (13) 
to distinguish SmSDrugD from SmR- 
DrugD transductants in crosses between 

SmRDrugD donors and wild-type re- 

cipients (SmSDrug8). Transductants se- 
lected on plates of medium L contain- 

ing streptomycin or paromomycin were 
scored for sensitivity to streptomycin 
plus paromomycin. That there is 1 per- 
cent disjunction between the SmR and 
the DrugD sites confirms the co- 
existence of genetically separable SmR 
and DrugD mutations in the same 

genome, each contributing to the pheno- 
type. The low frequency of disjunc- 
tion in this cross is consistent with the 
low frequency of SmS recombinants 
in crosses between SmR and SMD 
mutants (14). This genetic evidence, to- 

gether with the fact that the method 
of selection used here is that commonly 
used for selecting SmD mutants, indi- 
cates once again that the DrugD mu- 
tants are typical of the SmD mutants 
described in the literature. 

To summarize, all of the dependent 
strains isolated, regardless of weather 
they were selected as survivors on 
streptomycin or paromomycin, ap- 
pear to comprise only one class of 
DrugD mutants. Their phenotype is 
characterized by dependence on any 
of the following when added individual- 
ly to the growth medium: streptomy- 
cin, paromomycin, or alcohols. These 
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substances cause misreading in vitro 
and phenotypic suppression in vivo ( 1, 
3, 10). Furthermore, resistance to these 

drugs of the DrugD mutants is con- 
verted into sensitivity when combina- 
tions of drugs are used, unless the 
genome carries another mutation to re- 
sistance in addition to the DrugD mu- 
tation. Indicative of this is the con- 
trast between SmSDrugD and SmR- 
DrugD strains, the first being sensitive 
and the second resistant to the mixture 
of streptomycin and paromomycin. 
Thus DrugD mutants possess an altered 
ribosome too restricted to be functional 

per se, but responsive to the antirestric- 
tive action of drugs that introduce am- 

biguity. This responsiveness is a deli- 
cate matter, however, and may result in 

killing instead of permitting growth, if 
limits in the amount or quality of 
the introduced ambiguity are surpassed. 
This specificity of required ambiguity 
is further illustrated by the fact that 
kanamycin, which is able to produce 
misreading in vitro (3) and to which 
the cells are resistant, is unable to sup- 
port growth of these DrugD mutants. 
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Electron Spin Resonance of 
Gamma-Irradiated Oriented DNA 

Prepared by Wet Spinning 

Abstract. When moist, oriented DNA 
is gamma-irradiated and its electron 
spin resonance spectrum is recorded at 
77?K, an unresolved spectrum is ob- 
tained, the amplitude of which is 
strongly dependent on the angle be- 
tween the direction of the DNA helices 
and the field. Annealing at 199?K gives 
an eight-line thymine-like spectrum 
which also has a marked angular 
dependence. For dry, oriented DNA, 
the unresolved spectrum dominates 
even at room temperature, and the 
spectra exhibit lower degrees of aniso- 
tropy. 

The recent development of a new, wet- 
spinning method for the preparation of 
oriented DNA (1) has made possible 
physicochemical studies of oriented 
DNA with various techniques. Studies 
on the semiconductivity of dried, ori- 
ented DNA (2) and the hydration of 
moist, oriented DNA with nuclear 
magnetic resonance (3) have been 
made. We now report some results 
from electron spin resonance (ESR) 
measurements on oriented calf-thymus 
DNA irradiated with y-rays. 

Our DNA samples were prepared in 
a humid atmosphere as follows. A 10- 
mm-wide film of oriented DNA was 
folded back and forth (perpendicularly 
to the molecular orientation) to form 
a concertina-like pack which was 
slightly compressed into a package of 
oriented DNA having a parallelepipedal 
form with the approximate dimensions 
2 by 2 by 10 mm. After the sample 
was equilibrated with a desired relative 
humidity, it was instantly frozen in 
liquid nitrogen and irradiated with co- 
balt-60 y-rays to a dose of 0.45 mega- 
rad. The sample was thereafter mount- 
ed between two parallel, thin Teflon 
plates of a long forklike holder which 
was inserted into a 3-mm quartz tube 
fitting the Dewar flask of the ESR 
spectrometer. These and subsequent 
manipulations were performed in liquid 
nitrogen. The quartz tube was repeat- 
edly evacuated and flushed with nitro- 
gen to remove oxygen from the sample 
and finally evacuated. The tube was 
connected to an angular scale, and it 
could be rotated in the Dewar to ob- 
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trometer having a modulation unit of 
100 kc/sec. The microwave power was 
only about 0.3 mw; nevertheless, it 
was sufficient to cause some saturation 
of the absorption studied. 

Moist lithium DNA and sodium 
DNA samples (Worthington, batch 
6HE) at 77?K gave an unresolved spec- 
trum, the amplitude of which was 
strongly dependent on the angle be- 
tween the direction of the DNA helices 
and the field. Annealing of the sam- 
ples at 199?K for 5 minutes and re- 
cording at 77?K gave an eight-line 
thymine radical-like spectrum which 
also showed a marked angular depend- 
ence and indicated an anisotropy in 
the hyperfine interaction. The g-values 
(spectroscopic splitting factors) of the 
spectra- also varied slightly with angle. 
Figures 1 and 2 give some results for 
a lithium DNA sample stored at 66 
percent relative humidity before irra- 
diation. The corresponding curves for 
a sodium DNA sample stored at 75 
percent relative humidity indicated a 
slightly smaller anisotropy. The angular 
dependence observed is real and not 
due to experimental artifacts. This was 
tested by studying a polycrystalline iso- 
tropic sample of y-irradiated sucrose 
under the same experimental condi- 
tions; no angular dependence was ob- 
served. The ESR signals from oriented 
sodium DNA, dried in a vacuum at 
70?C for 4 days, exhibited a smaller 
angular dependence than those of the 
wet samples, and the annealing transi- 
tion to a thymine-like spectrum was 
almost completely inhibited (Fig. 3). 
Later annealing and recording at room 
temperature seemed to increase slightly 
the size of the satellites, but the anisot- 
ropy was further diminished. A less 
extensively dried sample gave a higher 
portion of satellite structure in the 
spectra. The shape and transformation 
of the ESR absorption described is in 
general agreement with several ESR 
studies of unoriented DNA (4-8), but 
the angular dependence now observed 
is a new feature of the absorption. 

Little is known about the sites of 
the unpaired electrons giving the un- 
resolved absorption at 77 K. Compari- 
sons with spectra of the constituents 
of DNA have not been helpful (4, 5). 
This technique has, however, been 
more successful for interpreting part 
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of the satellite spectra which was found 
to exhibit similarities with the spectra 
of thymine and thymidine (5-8). Salo- 
vey et al, (6) suggested the radical 
-CH2--C(CH3)- as giving rise to the 
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