




































































































































































































chromophores for UV da.rDage and the ac t i on of photo­

rea c tivat ion in t he photosynthetic ma chinery and 

89 

did not involve DNA . I n simila r experiments 1;1i t h Chlprella 

.J2Yr enoi do ss he found t hat a t approx ima t ely tvJice th e UV 

do se for A. ouadru plica tum, photosynthes i s de cc:tyed ;,·.Ji t h 

si E1ilD.r 1\:in etics . In contras t to A. the 

decay was not photoreactivable. Bell and Mer inova ( see 

revi evJ : 96 ) measured photosynU1e tic inhibition in 

and con cluded tha t the i nhi bi tory e ffect 

i•Jas produ ced by the intera ction of UV radiatio11 and 

nucl e ic a ci ds conta i ne d with i n t he chloroplast . Hallda l 

( 9? ) has shmm t ha t in t he c r een a l ga Ulva l @.ctU Q.2 , 

photosynthetic inhibition is a t a maximum at 220 mu . At 

260 mu, the r e l a tive efficiency of i nh i b ition was l ess 

t han 25%. He believed t hs t photosynthetic inh i bit i on was 

du e to protein and i na c tiva tion s inc e at 

lengths '.·.Jhere DNi'.. abo s rbed i nsit:;ni fican tly ( 22J t o 2J8 mu ) 

inhibit ion was reversible. It i s possible tha t cytop l asmic 

to the chloropl as t and subsequen t photosynthetic 

inh i bit ion may a lso be corre l a t ed with lo ss of re pro ductive 

ability in UV-irrad i a ted cardia cu r:1 . Hm··Jever, sin ce 

con s i derabl e evi den c e has b een presented that t he mc:t jor 

effects of UV r ad i a tion a re pri marily a t th e nucl ear level 

( see Introduc tion ) and since T1arcenlw (Jl-t ) has shmm t hat 

i n t he green e. l ;::;ae Netr ium d i &itu§. r ev ersc:tl of UV- i nduced 

da mag e of r eproduct ive ability is ma i nly associa t ed with 

t he nucleus, it is believed t ha t in Q§_r_dia c UJ:!l lo ss of 



reproduct ive ability follo~ing 254 mu irradiat ion is 

primarily (90%) associ a ted with nuclear damage. 
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Another possible explana tion for t he s econ d 

shoulder ca n be made wh ich postulates t he presen c e of a 

s mall but con s t an t moiety of cells at all ages wh ich a re 

physiolog ically different fro m the ma in gro up . Cells in 

this group are presumed to have a hi8hly efficient repa ir 

mec hanism wh ich does not become saturated until r e l at ively 

high dose leve ls. When it does b e come s aturated it could 

expla in t he p res en ce of the second sho ul de r and s ubsequ ent 

d e cline in survival. Zamenhof and Reddy (93 ) h a ve 

suggested t h is hypothesis to account for the plateau or 

pla t eau follo we d by an increase in mutation frequency at 

lo1·1 survival leve ls of UV-irracli a ted ;§...!. _s u"t:tLl j,.§. s p ores. 

They b eli eved t hB. t t h e efficiency of t he mechan i sm t~wt 

r epa ired UV-induced mutagenic l esions 1·JDs different at 

different levels of survival. 

The age-depend en t re spon s e for UV r adi os ensi tivity 

of Oe<;lQ.G.QJli.~ ce lls is similar in shape to the response 

obser v ed by Horsley a nd Puj ara (?9) fo r O • .Q_a r(j_i ~cum 

ce l ls exposed to ionizing r a di a tion (Fi g . 14 ) . Ce lls 

were most resistant to both t ypes of radia tion dur ing 

mid S and most sensitive during t he l atter part of G
2

• 

Th e re spon se to the t wo type s of r a di a tion differs in 

tha t n r ema ins essentially c onstant for c ells e xp osed 

to UV r adia tion but change s by a f a ctor of ~0 for 



ionizing r ad i at ion. Th e kinetics of cellular division 

following the two typ es of r ad i a tion was observed to be 

qu a ntitatively different . Up to 87/b of t h e non-surviving 

progeny fro B UV-i r r ad i a t e d cells •.ve re un a ble to complete 

a sing le post-irra di a tion division . In contrast, with 

ionizing r a di a tion about 90% of the non-survivors at 

all dose levels up to 16 K r a ds divided at lea st once 

(81 ). Djord j evic a nd Tolma ch (47 ) h a ve a lso ob served 

th a t x-irradiated HeLa cells a re able to enter , a n d 

usua lly to co nplete , mitosis follo win g irra di a tion at 

dose leve ls leavin g only a few p erc en t of the cells 

viable., In contr a st~ a UV dose th 8 t left more than 1% 

of the c e lls vi a bl e gav e evid ence of destroyin g the 

majority of cells within JO hours. Why destruction i s 

slowe r with x-ray s is not kno~n. 

A further differen c e ob serve d qua lit a tively 

bet1,1een t h e t lw r a diations i n 2..!_ .~§.J2.~1i §.S~.l.:~ VJ a s s een vJi th 

resp ect to t he d i f fere n t e xpre ss ions of r ad i a tion damag e 

a mong t he non- s urviving p rogen y . For examp l e , t h ere 

were rela tively v e ry few gi a nt cells se e n in the non­

surviving p rog eny at all c ell stages . In contra st, for 

ionizing r a diat ion up to 50% of the ce l ls irradi a ted at 

8 K r a ds p roduc e d fil affients in wh ich at l ea st on e of the 

c ells wa s a g i a nt (81 ). Ra uth and Whit mor e (67 ) and 

Lee a n d Puck (101 ) have pointed out tha t f ew g i a nt c e lls 

are p roduc e d by UV r acH a tion in ma mma lie n cells in 

comparison to ionizinc r a di a tion. 
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The simila rity in the sta[e dep endent responses 

between UV and ionizing r ad i a tions suGeests tha t the s ame 

target material is involved. However, the differences 

noted above suegest that the nature of the da~age 

inflict ed is different . 
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SUlf:EARY AND CONCL U3 IONS 

As was po i nted out i n the Preface the aim of 

t h is invest i ga tion I·JGS to de t ermin e t he UV radiosensitivity 

of synchron ou s ly c rm·Jine OesJ. o&Q.n i 1_3_8 .Q.?rdi~Q.Um cell s. The ' 

radio sen s itiv ity ha s been measur ed a t different times 

durine th~ fir s t genera tion cycle and coopared to the 

x-irradiB.tion response. The va ri a tion in UV r ad iosensitivity 

was about 2.5 fold • .C.1 
'\Ill u!1 cells in mi d S stage being the 

mo st re s istant and cells in l at e G2 th e mo st r ad io sens itive . 

It is believed that most of the v ar i a tion i n stage r a dio-

sens itiv ity can be a ttribut ed to di f fer en ces in the effi-

ci en ci es of the r epair me chan i sms at d iffer ent c ell ages . 

Evi dence has aJ. so been ·ore sent ed to shov' that t he magnit ude 

of t he UV r ad i o sen sit i v i ty vias different irl t he lJ·! inter and 

su~rner months of the exp erimen taJ. period. This seasonaJ. 

varia tion is exp l a ined by differen c e s i n c y topl asmic 

absor p ti on of th e uv be am . 

Th e co r:1p l ex shape of t he measu r ed · surviva l curves 

at a ll cell ages indica tes t he pre sen ce of a small group 

(10~ ) of c e lls exhibitinG a marked di ffe r ence i n r a dio-

sensitivity. 'rhe ex i s t en ce o f t :1ese i nflection points on 

t he survival curves is att ribu ted t o d i fferences in the 

attenua tion of the UV i ntensi ty i n pass in 13 through th e cell. 
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It was shown that v ariat ions exist b e t ween cells for the 

dist an ce bet~een the nucleus and the apical cell wall 

l a r ge enough to account for marked irregularities in the 

a mount of ir radi a tion received by t he nucleus . Since it 

is postulated that the nucl e u s is pri mB.rily the t a r ge t 

site for W ina ctivD.tion, th e nucleus in the s mall group 

of c ells wo ul d be addit ionally sh i elded by the i ncreased 

a mount of interven ing cytoplasm . The effect of this 

shielding would introd llc e a break i nto the survival curve . 

Th e exponenti a l decline following this break is a ttributed 

to c ytopl asmic dam3£;e superimp o sed on nucl ear dar:1ac;e a t 

hig)1 dose levels. This exp l an a. tion i s favoured but othe r 

hyp otheses h a ve also been con s idered whi ch at t he pre sen t 

time c a n not be elimiD a ted as possibl e exp l ana tions for 

the complex sha~ e of t he curve . 

The simila ritie s b etween the UV and X-ray ace 

dependent r esponse sucgest t hat t h e t a r g ets pr i nc i pally 

d amaged by both r adiat ions are t he sa~e while t h e k i netics 

of c el l [ rowt h follo~ in g irrad i a tion a nd t he di f ferent 

expressions of r adiat ion damage su gge s t tha t t he ~echanisms 

of action of the two r ad i a tions are fun damen t a lly d i ffe r en to 

A number of hypot h eses h a ve b een sugges ted to 

exp l a. in t he sl1a1J e of the complex surviva l curves a.nd t he 

vari at i ons in sensitivity at each c ell st ac e . Purt }1er 

experiments a re pla:med Ni th Q~Q.o_gg_Q:b.!l"Ql .Q_cq:_d i §.Q.~.1m to t est 

t h e v a lidity of so me of t h ese hypotheses . 

(l) Furt~e r stud ies on photorea c t iva tion a t 

differ en t light i ntensities to determine wh a t amount 



of visibl e light is neces sary to bring about max i mum 

pho t orea ctivat ion and if photor ea ctiva tion is st ag e 

de pendent. 

( 2 ) l~: e a suren~ent s of c h lorophyll conten t in 

summe r and wint er crown cells to det ermine if s easonal 

sensitiv ity v ariat ions a re attributable to differences 

95 

in t he cellula r components associ a ted ~ith photosynthe sis. 

( J ) ~icro spe ctrophotometric studies on UV 

absorption through different pa rts of the cell using a 

microbeam of 254 mu r ad iation. 

(4 ) Studies on the r ad io sensit i v ity of procen y 

frocrr: succe ss ive subcultures of UV- irradi a ted sin g le 

cells to determin e i f a UV re s istant strain c a n be 

isola ted. 

(5 ) A qua nti tative measuremen t of different 

morpholog ica l expre s sions of UV r adiat ion damag e observed 

throughout th e exp erimen ts. 

(6 ) Experiments on split dose studies ( Elkind 

effect ) to search for r e cover y fro m UV radia tion 

sub-letha l damage . Results in th e lit erature a re 

contrad ictory rega rdinc t he pres en ce of this ph en omenon. 
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APPENDIX A 

SOIL EXTRACT' - after Hors ley and Fucikovsky ( 76) 

Combine 50 ml of d ry powde ~ ed soil 

with 600 ml of distilled water , boil for 2, 

.2 hour periods of l week interval and then 

decant. Filter supernatant through qualitative 

and g l ass fiber filter paper (Jx) and dilute 

with distilled water to c oncentra tion required. 

MODIFIED MAC2LIS ' OEDO GO NIUM MEDIUM E (9 8 ) 

,CaC l
2 

0.069 g 

KH Po
4 2 

0.200 

KNOJ 2.02 0 

l<lgS04· ?H2 o 0.250 

K2HP04_ 0.090 

Dis solve in 1,000 ml distilled water , 

add l ml tra ce element solution and l ml 

vitamin B12 • 

Final pH = c a . 6.5 

TRACE ELEMENT SOLU'riON - after Butner et al (99) 

HJBOJ 1.00g 

Cuso4 •5H2 0 0.15 

EDTA ( Na ) 5.00 

Znso4 •7H2 0 2.20 

CaCl2 0.62 



Nnc1
2 
·lm2o 

Feso4•7H20 

CaC l
2

•6H
2

0 

0.50 

0,12 

Om4) 6 ·I'1o
7

o24 ·4H2o 0.1 0 

Add to 75.0 ml distilled wa ter, b oil 

and cool slightly. Ad just pH to c a . 6.5 by 

the addition of soli d KOH pellets and dilute 

fin a l solution to 100 ml by th e addit ion of 

distilled water . 



APPENDIX B 

(Emmel and Cowdry (100)) 

F'IXI Nq: Rel'love slides fro m cul t ure v es sels, spr a y l'lith 

· distill ed wa t e r an d fix in filtered Carnoy's solution 

s a tur a t ed '<'l ith Fe 1~H4 (SOL}) .12H2o for 15 rninut e s. Rinse 

ea ch slid e in 95% EtOH for 5 minutes an d th en dip in 

dilute collodion (10 ml ether, 80 ml ab solute ether, 

10 rnl collo dion ) for 2 n: i nut es . Tl1is preve11ts lo s s of 

cells f r om t he slide during the st a ining proce dur e . 

Pla ce s li des in ethanol ch loroform fo r 5 mi nut e s to 

harden t he collodion. 

Pass slid e s t hrough t he followin g seri es : 

STAIIH !JG: 5o;s EtOH - 5 mj_n ------
runninc t a p ';Ja t er - 10 min 

0 60 c lN IIC I - lJ to 17 min 

?'eule;en - 1 hr 

so2 1.~ ater - lJ min 

running t ap ,,.w t er - 15 min 
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DEHYD::iAT IOH : 50/~ Et OH 3 1:1 in ------
70/~ Et OH 3 min 

80/b EtOH 3 min 

95% EtOH 3 min 

100}<~ Et OII - 3 min 

1oo;; EtOri an d ether (9:1) - 2 to 5 min 

until col l odion is r emov ed 

100/b EtOH - 2 min 

100;& EtOH an d xylol - l min 

xylol - 30 min 

Moun t each slide with dil uted per moun t (2 part s 

x ylo l and l part permount)~ 

FEULGEH ' S REAGENT 
-------·~--------J_. ______ ., 

Di sso l ve 2c Bas ic Fus ch i n i n 400 ml di st i l l ed 

boiling wa t er, cool t o 50°C and a dd 40 ml lN HCl. Cool 

to 25°C a.nd add 2c; Na 2S205. Refri gera t e overn i ght ar1d 

a dd 4g Norit, fil te r and s t ore i n dark bot t le. 

Di ssolve 1.5g Naliso3 i n 30 ml dis t illed water. 

Add 25 ml l N HC l and dilut e t o 500 ml by t he add ition of 

di s till e d I~Jat er. 



101 

APPZ:'WI X C 

Di l ute ox- 1 74 pha ge i n PBS to approxima tely 106 

pfu/ml an d i r r adi a te i n a n open pe t r i d i sh . Re move s ma l l 

a li qu o ts a t regula r i nterval s and d i lute in PBS . De t ermine 

p f a o f i rradiate d pha ge by soft a gar t e ch n i que . Comb i ne 

0.2 ml phage, 0. 2 ml E. c ol i C and J ml sof t a gar . Pour 

over agar p l a tes a nd i ncuba te fo r J t o 6 h r a t J7 °C . 

Count e a ch n l a te f or nu mber of p l a q ues a nd de t ermine t he 

surviva l c urve f or p f a of the b a cter i oph ag e as s umi n G" 

s i n g l e hit t a r g et k in e tics an d a Do of 85 
2 

erg s / mm • Appl y 

c orre ction f a ctor of Hor o v1 itz ( 91) f or UV absorpti on by 

medium, to det e r min e the i n ci dent i ntens ity on t h e surfa c e 

of t he med ium. 

PBS SOLUT I Oi~ : NaCl 8 . 00g 

KCl 0. 20 

Na 2HP04 l.l5g 

KH2 P04 0. 20 

Disso l ve i n l l it r e of disti l led wa ter an d 

s t eril i ze by rn il l i por e filtr a tion . 

AGAR : Sof t a g8r 

( i) BB Spe c i a l Noble a~ar 

BIT nutri ent broth (i) u 

l litr e dist i lled wa t e r 

Bottom agar 

lOg Spe c i a l Nobl e a gar 

8g nutr i ent bro t h 

1 litre di st illed wa t e r 

( i ) Fish er ( Di f c o ) Ls bora t ories , Toro nto , Onta rio . 



Autoclave to sterilize. 0 Keep soft asar at 42 c. 

Pour C @:..!. 10 ml of bottom ac;ar into 100 x 15 mm pe tri 

dishes and cool . 

E. COLI C 

Prepare overnigh t cultures in Bacto nutrien t 

bro th . Gro1-J at J7°C to a conc e:1 trat ion of approx i mately 

108 cells/ml. 
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AP?ENDIX D 

TABLE A 

Cell Mea surements for Different Ages in t he First Generation Cycle of Feulgen Stained Cells 

Cell Age Cell Nucleus Distance (u) ~etween the Apical Cel l Wall 
(hr) Dimensions Dimensions and 

( u) (u) Nuclear I>lembrane Center of Nucleus 
(1) ( 2 ) (3) (4) (5) ·Y< 

. . 

37.2 :±. 4 .6 1.8 96.6 X J0.4 10.5 X 7-2 L~2 .4 } 42.1 
3.0 97.8 X J0.3 lJ.O X 7.0 35-J ±. 7.1 41.8 

5.0 101.1 X 29.8 9.6 X 8.0 33.2 + 6.J J8.o \ 
6.0 99.3 X JOoO 8.9 X 9.4 J5.9 :±. 7.1 L~o .4 ~ 40.7 
7.5 94.1 X 29.6 11.2 X 11.7 37. 0 :±. 8.5 42.6 ' \ 

I 

8 .. 8 104 .5 X 29.8 9.5 X 7.2 37.0 .±. 6.8 41.7 t 
j 

11.0 97.9 X 27.3 11.5 X 9.3 35-J .±. 6.3 41.0 l. 40 
lJ.O 102. 8 X 31.J 13.0 X 11.7 J2.5 + 7.7 39.0 

( 

J 
15.0 106.0 X J0.4 14.6 X 12.4 J0.5 ±. 7.J J7.8 late 

}1 

* Th e va l ues in col umn (5) have been det er mined by th e a ddit i on of on e- hql f col umn (J ) 
·o l us co l umn ( 4) • 

Gl 

s 

G2 

G2 

f-' 
0 
\.0 



APPENDIX E 

FIG. 15 

Comparison of the h istogr gms of the distan ce 

'between the outer DlJclear membra~e and ap ica l 

c ell wall f or c e lls ag e J (G
1

), 6(s), and lJ(G
2

) 

hr res pectively . 
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APPENDI X F 

UY EXPOSURE (sec ) 
30 60 90 120 150 180 

100 
A ' 
-2-~ 

6 .l 6 

'• 

'\ 
;. \ ,.. 

~ >-
g 10 

.l 

~ 
u 
>-

0" 0 .. 
l: 0 

250 750 1000 1250 1500 

UY DOSE ( erQs/mm 2) 

FIG. :l.- D ose-hatchahil itv r,mves for llabro­
bracon ev;gs irradiated on t llcir convex (nucle:\1' ) 
(0, ul t.rnviolet ; 0, ul traviolet pl us photorenc­
tiva t.ing light.) or concave (nonnuclea r) ( 6, 
ul traviolet; A , ul traviolet pl us photoreactiva ti ng 
light) Rmfaces. 
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