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STUDIES ON THE MECHANISM OF THE OXYGEN EFFECT ON IHE
RADIOSENSTTIVITY OF TRADESCANTIA CHROMOSOMESH

B Norpap H Shlss, iz apd Horberd farkes Eiex™

Biology Division, Oak Ridge National Laboratory

Previous experiments (Giles and Rileyl) have demonstrated that the radlosen-
sitivity of Tradescantia chromosomes, as measured by the ocourrence of X-ray
jnduced sberrations in microspares, is markedly influenced by the amount of oxygen
present, The frequencies of both interchanges and interstitial deletions observed
four to five days following treatment are reduced if infleorescences are irrediated
in gases such as nitrogen and helium and increased if exposures are made in pure
oxygen instead of in air, On the basis of these experiments it was not possible
to decide whether this effect of oxygen 1s exerted by way of the initial breakage
mechanism, such that more breaks are produced by X rays in the presence of oxygen,
or whether the effect is on the recovery process, such that new reunions of broken
ends are favored over restitutions, The present paper will discuss experiments
perfoarmed to investigate this problem. This evidence indicates that the effect
of oxygen is on the initial breakage mechanism rather than on the Tecovery Irocess,
Additional data will also be presented on the relation between eberration frequency
and the percentage of oxygen fresent at the time of irrediation.

Experimenta] Methods. ~-- Inflcrescences of Tradescantia paludosa Anders, and
Woodson, clone 5 Qunless otherwise noted) of Sax were used, Acetocarmine smear
preparations of microspores et the first postmeiotic mitosis were made on the
fourth and £ifth daysfollowing irradiation and slides were scored for chromosomal
aberrations -- interchanges (dicentrics and centric rings) and interstitial
deletions, In general, 50 ar 100 cells from three to eight slides (each from a

separate inflarescence) were scored and standard errors were caleculated as
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previously, The same X-ray source was utilized -- a Coolidge self-rectifying
tube with tungsten target, operated at 250 kv and 15 ma. The inherent filtration
was equivalent to 3 mm, of aluminum,

Irradiations were carried out as in earlier experiments in a lucite exposure
chamber, However, in order to insure a more adequate control of the gas in the
chamber and to facilitate a rapid removal or introduction of gas the experimental
apparatus was redesigned., The new exposure chamber was placed directly in the
X-ray machine and attached by pressure tubing and appropriate stopcock arrange=-
ments to a vacuum pump, a gas cylinder, and a mercury manometer, With this
apparatus, all evacuations and introductioms of gases could be performed directly
with the inflorescences inside the exposure chamber, Evidence will be presented
that the pre-exposure evacuations in a suction flask, as carried out in the earlier
experiments, are unnecessary, Further, it is possible with this equipment to
irrediate in a vacuum or under pressure and to inircduce or remove gases during
the period of irradiation., The presence of a manometer makes it possible to
reproduce evacuation conditions and to detect possible unexpected changes of pres=
sure in the system,

ussion. =- A preliminary series of experiments was performed

to determine whether the pre-exposure evacuations in a suction flask, as carrled
out in earlier experiments, were necessary to remove air enclosed around the
anthers by the sepals and petals of the buds, For these tests two sets of buds
were evacuated five times im a flask and helium permitted to diffuse in before
irradigtion, One set was placed in the exposure chamber (the original chanber
was used), which was then evacuated and helium admitted; the other set was placed
in the exposure chamber in air, The third set of buds was not pre=-evacuated, but
placed directly in the exposure chamber, which was then evacuated and helium
admitted, All three sets received 400 r at 50 r/min, (teble 1), It is clear that
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Compgrative Effects of Varlious Pretreatments and Eyi__g__m;
Conditions opn the Freguency of X-Ray Induced Chromosomal
Bearrgngements in Iradescantia Microsporesd

400 r at 50 r/min,

e
Boewe G liw-  Mlmdass s ke
Eceizeatment  Comditlons Collds  gchenges  Eer Cell  Dalekdens Seld

Buds pre-evacu- Helium in 226 55 0,24 # 0,03 51 0.23 t 0,03
ated and helium chamber

admitted

Buds mre=evacu- Alr in 400 289 0,72 » 0,04 323 0.81 # 0,05
ated and helium chamber

admitted

None Helium in 300 73 0,24 + 0,03 72 0.24 £ 0,03

chamber



the pretreatment has no effect on the frequency of aberrations, but rather that

the gas in which the exposure is made 1s the important factar, Evidently evacuatiocs
in the exposure chamber is sufficient to effest gas exchange in the buds. On the
basis of these results, pre-svacuation of buds with a water pump was discontinued,
Further, with the new chaxber and a vacwum pump it was possible to evacuate
directly to considerably lower pressures than in the earlier experiments,

In the criginal experiments comparative exposures were made at only three
oxygen levels == in nitrogen ar helium (no oxygen), im air (ca.21f oxygen), and in
pare oxygen, It seemed of considerable interest to cbtain further date in order
to determine the quantitative relation between aberration frequency and percentage
of oxygen during irradiation, Consequently, two separat.e experiments were carried
out (in one clone 5 was used, in the other, clone 3 of Sax) in which exposures to
a single X-ray dose == 400 r at 50 r/min, -- were made with seven different per~
centages of oxygen in the lucite chamber, The oxygen percentages were as followss
0f (irradiation in pure == 99,8% == helium); 2% (¢ 98% helium); 10% (+ 90% helium);
21$ (air); 608 (4 40% helium); 99.5% (pure oxygen from a commercial cylinder); and
pure oxyger at an absolute pressure of 1500 mm, of merowy (approximately 760 mm,
sbove nermal atmospheric rressure at Oak Ridge), Before each exposure, inflores-
cences were placed im the chamber, which was then evacuated to approximately 1 to
2 zm, of meroury, and the particular gas or gas mixture admitted, This procedure
was repeated five times, Following irrsdiation, the inflorescences remained in
the chamber for approximately ten minutes in the same gas and were then removed
to air, The results of these experiments are presented in table 2 and figure 1,
There is good agreement between the two experiments exoept for the two points in
air, where, for some unexplained reason, the values obtained for clone 3 are
considerably higher than expested. The data indicate that there is a very rapid
rise in sberration frequency between 2 and 208 oxygen, after which a gradual
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Figure 1.

Relation between percentage of oxygen in exposure chamber

and frequency of chromosomal interchanges per cell in
Iradescantia microspores, All exposure to one X-ray dosage ==
400 r at 50 r/min, Two separate experiments, ome with clone

3 and one with clone 5, as indicated,
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increase apparently occurs, The significance of the fact that essentially the
same aberratian frequencies were obtained in exposures made in pure (99,8%) helium
and 2% oxygen (+ 98% helium) is not yet clear, This may mean that not all of the
dissclved air is removed from the tissues by the evacuation procedure, It is also
desirable to check further the ascuracy of the reported percentage of oxygen in the
gas mixture used (obtained from a commercial source), The general problem of the
effect of oxygen during irradiation at low oxygen tensions is being investigated
further,

The major problem requiring further investigation was concerned with the
mechanism of the oxygen effest in inecreasing sberration frequencies -=- whether
this effect resulted from a higher initial rroduction of chromosome breaks, or
from a reletive increase in new rewnioms as opposed to restitutions of broken ends
during the recovery process, It is clear from the eariier studies of Sax92 Merinelll,
Nebel, Giles and Charles,” and Lea and Catcheside, that in Tradescantis there is
en appreciable time interval between the production of a bresk snd its disappearance,
either by restitution or new reunion (interchange). The average time of restitution
for the majority cf the breaks has been estimated by Lea’® to be about four minutes,
Thus it would appear to be experimentelly feasible to determine whether the oxygen
effect is on initial breakage or on recovery if thesa two processes can be made +o
take place under different conditions with respect to the presence or absence of
oxygen., The following series of comparative exposures (all at a single constant
dosage of 300 r at 300 r/min,) was accordingly carried out, The exposure coanditions
about to be described are summarized in table 3, In series 1 and 2 buds were
evacuated for five minutes at 1 to 2 mm, of mercury and irradiated in vacuum,
Series 1 was maintained in vacuum in the exposure chamber for ten minutes following
irradiation, 1In series 2 pure oxygen was introduced into the exposure chamber %o

an absolute pressure of 1500 mm, of mercury immediately following irradiation, The
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Experiments Demonstrgting that the Effect of Oxygen in Increasing the Rad losensitivity
of Izadescantls Chzomosomes Lm&.mwmm
than op the Reunlop Process. All Exposureg: 300 T at 300 r/min,

‘Seies  Exsipeatment | Expsme Bostiregtuent Bo.  Interchanges Interstitial

No. Conditiong Conditions - Conditiong Cells Per Cell Deletiong Per Cell

1l Buds in Vacuum  Vacuum Vacuum - 10 880 0.12 ¢ 0,01 0.11 ¥ 0,01
min,

2 Buds in Vacuum Vacuum Oxygen intro- 700 0,09 ¢ 0,01 0.10 # 0,01

duced (within
3 secs.) to
.1500 mm, of Hg-

10 min,
3 Buds in Oxygen  Oxygen  Oxygen at 1500 150  0.70 % 0,07 0.83 & 0,07 =
at 1500 =m. - mm, of Hg -
of Hg 10 min,
4 Buds in Oxygen Oxygen at : Evacuation (with- 200 0,72 # 0,06 0.85 ¥ 0,07
1500 mm, of in 25 see.); vacuum
Hg 10 min,
[ 5 Buds in Vacoum  1st 30 ses: Evacuation (within 350  0.39 % 0,03 0.50 £ 0,04
| vacwvum, 2nd 25 sec,); vacuum -
30 sec: oxygen 10 min,
antroduced _
(within 3 sec.)
to 1500 mm, of Hg
[6 Buds in Oxygen 1st 30 sec: Oxygen introduced 518 0.61 £ 0,03 0.59 £ 0,03

oxygen at 1500 (within 3 sec.) to
am, of Hg. 2nd 1500 mm, of Hg -
30 sec: evacuated 10 min,

(within 25 sec.)

te 1 to 2 mm, of

Hg



introduction of oxygen to this pressure was effected within three seconds following
cessation of the irradiation and the buds were maintained in oxygen for ten minutes,
In series 3 and 4 buds were placed in oxygen (by the usual procedure for evacuation
and introduction of gas) at an absolute pressure of 1500 mm, of mercury end irradiated
in oxygen, Series 3 was maintained in oxygen for ten minutes after irradiation,
In series 4 the chamber was evacuated immediately following irradiation. This
evacuation to 1 to 2 mm, of mercury was accomplished within 25 seconds following
the cessation of the irradiation and the vacuum was maintained for ten minutes. In
series 5 buds were evacuated as in series 1 and 2 and irradiation was commenced with
the buds in a vacuum, At the end of 30 seconds of exposure,oxygen was introduced
into the chamber, without interrupting the irrediatlon, to an absolute pressure of
1500 om, of mercury (within three seconds) and after the cessation of the total
jrrediation time of 60 seconds, the chamber was immediately evacuated to 1 to 2 mm,
of mercury (within 25 seconds) and the buds kept in vacuum for ten minutes. In
series 6 buds were placed in oxygen as in series 3 and 4 and irradiation was commenced
with the buds in oxygen, At the end of 30 seconds of exposure the chamber was
evacuated, without interrupting the irradiation, to 1 to 2 mm, of mercury (within
25 seconds) and after the cessation of the total irradiation time of 60 seconds
oxygen was reintroduced to an absolute pressurs of 1500 mm, of mercury (within three
seconds), The exposure of 300 r/min, for one minute was selected to make the total
time of exposure as short as feasible compared to the average time for restitution,
gince restitution takes place during the perlod of irradiation also. The data
obtained from these exposures are presented in table 3.

It is clear from the first comparison (series 1 and 2) that the addition of
oxygen immediately after irradiation does not increase the frequency of aberrations,
Such an increase would be expected if there were an effect of oxygen on the reunion

frocess, Nor does the removal of oxygen (series 3 and 4) after irradiation result



in a lower aberration frequency, In both comparisons the observed aberration
frequency apperently depends on the presence or absence of oxygen at the time
of irradiation, The additionel experiments were included to test this point further
and also to exclude the possibility that the addition or removel of oxygen (to or
from the cells themselves) after irradiation was not acoomplished rapidly enough
to detect an effeot on the reunion process if such an effect existed, In series 5
it is evident that the addition of oxygen during irradiation results in a marked
increase in aberration frequency, The frequenoy of interchanges == 0,39 ¥ 0,03
per oell == is in fact approximately halfwaey between the values observed following
irradiaticn in a vacuum (with recovery in oxygen) 0,09 ¥ 0,01 and irradiation in
oxygen (with recovery in a vacuum) == 0,72 % 0,07 =~ as would be expected if intere
change production (above the threshold level of ca, 0,10 pcr'poll) is directly
related to the amount of oxygen present during the period of irradiation, There
is apparently an almost immediate entrance of a considerable amount of oxygen into
the cells of the anthers at the beginning of the final 30 seconds of irradiation
(the period of three seoonds indicated is the time required to introduce oxygen
to a pressure of 1500 mm, of merocury; oocnsiderably less time is probably required
for the introduction of suffiolent oxygen to produce an almest maximal increase in
aberration frequency), In series 6 there is an appreciable decrease in aberration
frequenoy accompanying the removal of oxygen during the last 30 seconds of radistion,
The faot that this decrease is not as marked as the increase noted on the additien
of oxygen in series 5 appears to be quite reasonable, since a considerably longer
period is required to evacuate the chamber than to introduce oxygen, |

On the basis of these data 1t is oonocluded that the effect of oxygen in ine
oreasing the'radioaanaitivity of Iradescantis obromosomes results from an increased
production of breaks rather than from an effect on the recovery proocess such that

new reunions are favored over restitutions in the rresence of this gas, An earlier
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rreliminary analysis of the differences in slope of dosage curves obtained in air,
in oxygen and in nitrogen (Giles and Rileyl) suggested that the oxygen effect was
exerted by way of the recovery mechanism, It now appears that these differences
can be more plausibly interpreted on the basis of an intensity effect, Thus, if
there are in fact more breaks produced in the presence of oxygen than in its absence,
when comparative exposures are made where cells receive the same physical dose at
the same intensity in r/min. either in oxygen or in its absence (e.g., in helium,
in nitrogen, or in a vacuum), those cells irradiated in oxygen will be effectively
exposed to a higher intensity in terms of breaks produced per minute, It has been
shown by Sax6 for chromosomal interchanges that as the intensity of X radiation is
decreased the curve relating aberration frequency to dosage approaches linearity,
In the experiments previously reported the exponents for the dosage curves decreased
from approximately 1.6 in oxygen to approximately 1.3 in nitrogen.

Summgry, -= Further experiments have been performed on the effect of oxygen in
increasing the radiosensitivity of Iradescantig microspore chromosomes, Exposures
of inflorescences to a single constant X-ray dose, but in atmospheres containing
seven different percentages of oxygen indicate that there is a rapid rise in aberration
frequency between 2 and 21% oxygen, with a gradual increase thereafter, Further
studies are being made to clarify the effect of oxygen at levels between zero and
two per cent, Other experiments have been performed to determine whether the oxygen
offect is exerted by way of the initial breakage mechanism or on the reunion process.
These consisted of comparative exposuresto a single dose of 300 r in one minute of
inflorescences in a vacuum or in oxygen with the addition or removal of oxygen either
immediately after or during part of the irradiation period, The experiments show
that the presence or absence of oxygen during the actual exposure to X rays rather
than during the postirradiation period is the important factor, thus demonstirating

that the effect of oxygen in increasing the radiosensitivity of Tradescantig
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-
chromosomes results from an increased production of initial breaks rather than from
an influence on the reunion of broken ends,
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