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reproductive ability following 254 mu irradiation is
primarily (90ﬁ) associated wilth nuclear damage.

Another ible explanation for the second

o)

shoulder can be made which postulates the presence of a
small but oonstént moiety of cells at all ages which are
prhysiologically different from the main group. Cells in
this group are presumed to have a highly efficient repair
mechanism which does not become saturated until relatively
higzh dose levels. When 1t does become sabturated 1t could
explain the presence of the second shoulder and subseguent
decline in survival. Zamenhof and Reddy (93) have
suggested this hypothesis to account for the plateau or
platean followed by an incfease in mutation frequency at
low survival levels of UV-irradiated B, subtilis spores.
They believed that the efficiency of the mechanism that
repalired UV-induced mutagenic lesions was different at
different levels of survival.

The age-dependent response for UV radiosensitivity
of Qedogonium cells is similar in shape to the response
observed by Horsley and Pu a (79) for C. cardiacum
cells exposed to ionizing radiation (Fig. 14). Cells
were most resistant to both types of radiation during
nid S and most sensitive during the latfer part of GZ'
The response to the two types of radiation differs in
that n remains essentially constant for cells exposed

to UV radiation but changes by a factor of 40 for
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ionizing radiation., The kinetics of cellular division
following the two types of radiation was observed to be
guantitatively different. Up to 87% of the non-surviving
progeny from UV-irradiated cells were unable to complete
a single post-irradiation division. In contrast, with
ionizing radiation about 90% of the non-survivors at
all dose levels un to 16 K rads divided at least once
(81). Djordjevic and Tolmach (47) have also observed
that x-irrediated Hela cells are able to enter, an
usually to complete, mitosis following irradiation at
dose levels leaving only a few percent of the cells
viable.. In contrast, a UV dose that left more than 17
of the cells viable gave evidence of destroying the
majority of cells within 30 hours. Why destruction is
slower with x-rays is not Xknoun.

A further difference observed qualitatively
between the two radiations in 0. cardiacum was seen with
respect to the different expressions of radiation damage
among the non-surviving progeny. [for example, there
were relatively very few gilant cells seen in the non-
surviving progeny at all cell stageé. In contrast, for
ionizing radiation up to 50% of the cells irradiated at
8 K rads produced filaments in which at least one of the
cells was a giant (8l). Rauth and Whitmore (67) and
Lee and Puck (101) have pointed out that few gient cells
are produced by UV radiation in mammalian cells in

comparison to ionizing radiation.
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The similarity in the stage dependent responses
between UV and ionizing radiations suggests that the same
target material is involved. However, the differenées
noted above suggest that the nature of the damage

inflicted is different.



SUNMMARY AND CONCLUSIONS

As was pointed out in the Prefece the aim of

this investigation was to determine the UV radiosensitivity

. N % @ H
of synchronously grouwing Oedogonium cardiacum cells. The

radiosensitivity has been measured at different times

during the first generation cycle and compared to the

X-irradiation response. The variation in UV radiosensitivity

was about 2.5 fold with cells in mid S stage being the

most resistant and cells in late G2 the most radiosensitive.
.

It is believed that most of the variation in stage radio-

sensitivity can be attributed to differences in the effi-

ciencies of the repair mechanisms at different cell ages.

1. 1.

Evidence has also been vnresented to show that the magnitude
of the UV radiosensitivity was different in the winter and
sunmer months of the experimental period. This seasonal
veriation 1s explained by differences in cytoplasmic
absorption of the UV beam,

The complex shape of the measured- survival curves
at all cell ages indicates the presence of a smgll group
(10%) of cells exhibiting a marked difference in radio-
sensitivity. The existence of these inflection points on
the survival curves is attributed to differences in the

attenuation of the UV intensity in passing through the cell.
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It was shown that variations exist betueen cells for the
distance betuween the nucleus and the apical cell wall
large enough to account for marked lrregularities in the
amount of irradiastion received by the nucleus. Since it
is postulated that the nucleus is primerily the target
‘site for UV inactivation, the nucleus in the small group
of cells would be additionally shielded by the increased
amount of intervening cytoplasm. The effect of this
shielding would introduce 2 break into the survivsl curve.
The exponential decline following this break is attributed
to cytoplasmic damzge superimposed on nuclear damage at
high dose levels. This explanation is favoured but other
hypotheses have also been considered which at the present
time can not be elinminated as possible explanations for
the complex shane of the curve.

The similarities betuwecen the UV and x-ray age
devendent response suggest that the targetévprincipally
damaged by both radiations are the same wnile the kinetics
of cell grouth following irradiation and the different
expressions of radiation damage suggest that the mechanisms
of action of the two radiations are lundamentally different.

A number of hypotheses have been suggested to
explain the shave of the complex survival curves and the
variations in sensitivity at each cell stage. Murther

experiments are planned with Oedogonium cardiacum to test

the validity of some of these hynotheses.
(1) Further studies on photoreactivation at

different light inteunsities to determine what amount
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of vislible light 1s necessary to bring about maximum
photoreactivation and if photoreactivation is stage
dependent.

(2) HKeasurements of chlorophyll content in
sumner and winter grown cells to determine if seasonal
sensitivity variations are attrivbutable to differences
in the cellular components associated with photosynthesis.

(3) Microspectrophotometric studies on UV
absorption through different parts of the cell using a
microbeam of 254 mu radiation.

(4) Studies on the radiosensitivity of progeny
from successive subcultures of UV-irradiated single
cells to determine if a UV resistant strain can be
isolated.

(5) A gquantitative measurement of different
morphological expressions of UV radiation damage observed
throughout the experiments.

(6) Experiments on split dose studies (Elkind
effect) to search for recovery from UV radiation
sub-lethal damage. Results in the literature are

contradictory regarding the presence of this phenomenon.
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SOIL EXTRACT - after Horsley and Fucikovsky (76)

Combine 50 ml of dry powdered soil
with 600 ml of distilled water, boil for 2,
2 hour periods of 1 week interval and then
decant. PFilter supernatant through qualitative
and glass fiber filter paper (3x) and dilufe

with distilled water to concentration required.

MODIFIED MACELIS' OEDOGONIUM MEDIUM E (98)

,CaCIZ 0.069g
KH2P04 0.200
KN03 2,020
1gSOy,+ 7H,0 0.250

Dissolve in 1,000 ml distilled water,
add 1 ml trsce element solution and 1 ml
vitamin 312.

Final pH = ca. 6.5

TRACE ELEMENT SOLUTION - after Hutner et al (99)

H3BO3 1.00g
CUSO“_‘Sﬂzo 0.15
EDTA (Na) 5.00
Zn804°7H20 2.20

CaCly 0.62

g7
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F8804'71120 0.50
Ca012~6h20 0.12

(NH4)6-M07024‘MH20 0.10

Add to 75.0 ml distilled water, boil
and cool slightly. Adjust pH to ca. 6.5 by
the addition of solid KOH pellets and dilute
final solution to 100 ml by the addition 6f

distilled water.



PEULGEN STAINING TZCHNIQUE

(Emmel and Cowdry (100))

PIXING: Remove slides from culture vessels, spray with
"distilled water and fix in filtered Carnoy's solution
saturated with FeNHu (SOM) .12H50 for 15 minutes. VRinse
each slide in 95% EtOH for 5 minutes and then dip in
dilute collodion (10 wl ether, 80 ml absolute ether,

10 ml collodion) for 2 minutes. This prevents loss of
cells from the slide during the staining procedure.
Place slides in ethanol chloroform for 5 minutes to

harden the collodion.
Pass slides through the following series:

50% LEt0H - 5 min

{
i

{2
o

running tap water - 10 min

=

60°C 1N HCI - 13 to 17 min
feulgen - 1 hr |
S50p water - 13 min

running tap water - 15 min



DEHYDIATION: 5073

70/5
80/
95%
100%

1005

1007

10073

xylol - 30 min

av 051
EtOH
EtOl
EtOH
EtOII

Lt0il

—

1
W W w w w

and

100
rin
min
min
min
min

ether (9:1) - 2 to 5 mnin

until collodion is removed

Et0i - 2 min

EtOH and xylol - 1 min

Mount each slide with diluted permount (2 parts

xylol and 1 part permount);

FEULGEN'S REAGENT

Dissolve 2g Basic Fuschin in 400 ml distilled

boiling water, cool to 50°C and add 40 ml 1N HCl. Cool

to 25°C and add 2g NapSy0s.

Refrigerate overnight and

add bg Norit, filter and store in dark bottle.

S0, WATER

s S iy - e B

Dissolve l.5g NaH503 in 30 ml distilled water.

Add 25 ml 1N HCl and dilute to 500 ml by the addition of

distilled water.
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APPENDIX C

Q&—l?ﬂ BACTURTIOPIAGE AS A BIOLOGICAL DOSIMETER

Dilute 6x—1?4 phage in FBS to approximately lO6
pfu/ml and irradiate in an open petri dish. Remove small
aliquots at regular intervals and dilute in P3S., Determine
pfa of irradiated phage by soft agar technilque. Combine
0.2 ml phage, 0.2 ml E, coli C and 3 ml soft agar. Pour
over agar plates and incubate for 3 to 6 hr at 37°C,

Count each plate for number of plaques and determine the
survival curve for pfa of the bacteriophage assuming
single hit target kinetics'and a Do of 85 ergs/mmz. Apply
correction factor of Morowitz (91) for UV absorption by
medium, to determine the incident intensity on the surface

of the medium.,

PBS SOLUTION: DNaCl 8.00g NaZHPOu 1158

ety

KC1 0.20 KH2P04 0,20

Dissolve in 1 litre of distilled water and

sterilize by millipore filtration,

AGAR: Soft agar Bottom agar
8g Special Noble agar(l) 10g Specizl Noble agar
(1)

8g nutrient broth 8g nutrient broth

1l 1litre distilled water 1 1litre distilled water

(i) PFisher (Difco) Laboratories, Toronto, Ontario.



Autoclave to sterilize. Keep soft agar at 42°¢,
Pour ca. 10 ml of bottom agar into 100 x 15 mm petri
" dishes and cool.

E. COLI C

—— e e s

Prepare overnight cultures in Bacto nutrient
broth. Grow at 37°C to a concentration of approximately

108 cells/ml.
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APPENDIX D

TABLE A

Cell leasurements for Different Ages in the First Generatlion Cycle of Feulgen_stained Cells

Cell Age Cell Nucleus Distance (u) Between the Apical Cell Wall
(hr) Dimensions Dimensions and
(u) (w) Nuclear Membrane Center of Nucleus
(1) (2) (3) (4) (5) %
1.8 96.6 x 30.4 10.5 © 7.2 37.2 + 4.6 b2k '
42,1 Gy
3.0 97.8 x 30.3 13.0 x 7.0 35,3 & 7.1 41.8
5.0 101,11 % 29,8 2.6 x 8.0 33.2 + 6.3 38.0
5.0 99.3 x 30,0 8.9 = 9.4 35.9 + 7.1 Lol
> 40.7 8
75 94,1 x 29.5 11.2 x 11.7 37.0 + 8.5 2.6 %
3.8 104.5 x 29.8 9.5 x 7.2 37.0 + 6.8 1.7 }
11.0 97.9 x 27.3 11.5 = 9.3 35.3 + 6.3 o 41.0 -
L 40 G,
13.0 102.8 x 31.3 13.0 x 11.7 32.5 & 7.7 ©39.0 [
-
15.0 106.0 x 30.4 14.6 x 12.4 3045 % 7.3 37+5 late G,
A M
# The va

ves in column (5) have been determined by the addition of one-nalf column (3)

€0T
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APPENDIX I8

PiG. 15

Comparison of the histograzms of the distance
“between the outer nuclear membrane and anical
cell wall for cells age 3(Gl), 6(3), and 13(G2)

hr respectively.,



PERCENT CELLS

24} [ i
e o 3hr G
20} i
// v - =
» -~
16 //// // P
rd +
12} e [ 17
P // L L
8F - FA W & E ol aass i Taanee
/// - P A
4+ A 1T 1~
3 R P tal -

5 S e I e P E
28r e Ghr - &
~

24 ///
20 =
N - )
1
16} # ///
pd //// /
. o -
8} A 1 V., «——11°/o —
// / /’ //
4»- y /’ //, //// /
& |///////////_/_//’
30l - 1B hr G,
o8t 7
P
24+ o
20 // /,/ /
2 E P
16} ;s /S
2 H L
12— /. // 4
8 o 7 7 7
/ ; //é €-———10°/o—————)
45 £ 14 7V 7
. e 1 /]
O#,* 1 /// d / // // / //// 7 7 !
13 23 33 43 53 63

DISTANCE BETWEEN APICAL CELL WALL
AND OUTER NUCLEAR MEMBRANE - g4



APPENDIX F

UV EXPOSURE (sec)
% @ s wo 1o wo

100 Z
4
i R
A
N\
o 2 A
\"
a

b—

I

HATCHABILITY (%)

»

250 500 750 1000 1250 1500
UV DOSE (ergs/mm?)

Fic. 3.—Dose-hatchability curves for Habro-
bracon eggs irradiated on their convex (nuclear)
(O, ultraviolet; @, ultraviolet plus photorcac-
tivating light) or concave (nonnuclear) (A,
ultraviolet; A, ultraviolet plus photoreactivating
light) surfaces. »
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