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ABSTHLCT 

Dothistrocin is c. bright orrmge-rcd pignont produced by 

the pino-neodlo p'1thogen Dothistronn pini Hulbnry, the cnuso.l 

ii. 

ae;ent of 1': necrotic cl:.sonse lmovm as dothistrouo.l blight. This 

conpound, ioplico.t&d o.s o. fungal toxin, has been isolo.ted both 

fron lQborntory cultures of D.pini e..nd fron inf&ctctl Pinus r::-.dintu. 

foliage. 

Detailed cheLtical investigation by Ga.ll�tghDr ( 1 971 ) shovred 

thnt dothistrooin is o. tri -ct- hydroxyr:mthrnquinone fusocl to o. 

s�bstitutod tetro.hydro�ifure..n rine; systen. Tho bifurnn ring 

ooioty is incorporated in othvr fungal netnbolitos including the 

oxtrenoly toxic and co.rcinogcnic a.fla.toxin cocpouncls. Thoro is 

o.n increasing body of evidcnc0 to suggest tho.t these fung�l 

oot::-.bolites sho.ro c. co�on biosynthetic origin. 

Bion.ssD.y has do;-Jonstrntotl tho toxicity of dothistronin to 

the unicellular green clgn, Chlorollo. pyrenoidoso., nnd to tissue 

cultures of P. a tte"'::tm to.. The vory lmv level of solubility of 

the conpound in aqueous solutions ha.s precluded bionsso.y using 

pine seedlings. This thesis reports o.n investigation of the 

biochenico.l chnngos induced by do thistronin in ni crobiological 

systens. 



iii. 

In th e course of this inv� stigntion dothistronin hns boon shown 

to bo toxic to n rnnge of uicroorgo.nisns in addition to its known 

toxi c i ty to Chlorollo. pyronoidosn. Tlwsu studies hc.vu sugr:osted 

possib le wnys of inc ro:J.sing tho sensitivi ty of bio::ctwc.ys for 

dothistronin. 

It 1n:.s found th<'.t tho ncldi tion of do this tronin to J.iquid 

cultures of Chlorelln ::cs r:m uthyl �'. c otnto solution cnusod. 

re1)roduciblo levGls of inhibition, prov ided thnt the ethyl e .. cotn.te 

concon t rntion 1-rns los s them 0.5)b. Bo.tch culture techniques ivore 

used to estnblish the lovels of dothi s tronin required for 

inhibi tion of growth of Chlorelln. Thu rntio of dothistronin 

concen t ro.tion t o  coll nm1be r wns found to bo nn iuportnnt 

fac tor in tho inhibi tion rosponso. 

Utilization of synchr onous culture tec hniques pc.:rr.littod the 

s tudy of bi ochcr.ri c nl cho.ngos induced by dothistronin throu.shout 

tho coll cycle of Chlorolln. Results showed c. nnrke d inhibition 

of the rnto of increo.se of totnl pro tein nnd RNA over the cell 

cycle \vi th no signif i cant .:'.1 h::rntion of the rnto of DNL incroc.se. 

A dose-response curve for do thistrooin inhibition of grm.rth 

of Chlorelln vms ostnblished "-nd Q norc detailed invostie;o..tion of 

tho ac tion of dothi st ronin in inhibiting grovith uns undertaken 

using rndioo.c tive i so topes. By this nenns i t  was shown that 

3H-uridine r�d 14c-phenylnlnnino incorporation into c ell untGrinl 



iv. 

is inhi bi tod vri thin 30 nins of exposure to the toxin . Dif ficulties 

encountered in a ttor.1pts to ol)tr.,in so. tisfnctory incorpor.:c tion cf le. bel 

into Chlorella DIITA-fro..ctions :tJrcvonted further inv0s tic;·'"' tion of the 

effect of dothistronin on DNA synthesis in this organiso. This led 

to tho investigation of other nicroorgnnis�s as noro suitab le 

experinontnl systens f 'r this study. 

Bacillus negntoriuo ��, proved to bo very sensitive to 

dothistronin n.nd showed rnpid incorporo.tion of radioactive 

isotopc8 into protein o.nd nucleic �cid fractions. Grm,rth curves 

ostnblished thnt the inhibitory r."ltios of dothistronin concentration 

to cell nunbers for this orgnnisE woro in the order o f  0.25)4S/cell X 108 

(o.s cocpo..red to 2.0�tg/ccll X 108 for Chlorclln). At this concen-

tro.tion, over the 30 nin tine course studied, dothistronin ho.d no 

effect on the incorporation of 3H-thynidino into the DNA frc.ction. 

Inhibition of 3n-uridine incorporntion w:J.s evident ,'lt 6 oin and 

very onrked by 10 oin while the inhibition of 
14

c-phenylnlanine 

incorporation into protein 1ms not evident until considcm::cbly lnter. 

The effects of dothistronin in this systeu ·wore conp:cre!11'!i th thoso 

of o..ntibiotics vri th kn01m si t€6 of action. Dothistronin inhibition 

of 3H-uridino incorporation hns n sinilnr tine course to tho.t shown 

by actinonycin D, nlthough narked inhibition by .0ctinonycin D is 

evident nt 3 Din, whereas dothistronin inhibition is not noticeable 

until 6 nin. 
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On the basis  of these results it i s  suggested that 

dothistromin interferes >vi th RNA syn thesis and that the observed. 

inhibition of protein synthesis is  a s econdary effect of this 

impairment. 

Confirmation of dothi3tromin action 'in situ'by administration 

of the compotmd to pine seedlings i s  necessary before any definitive 

s tatement can be made concerning its role in dothistromal blight. 

However these results indicate the po ssible importance of 

dothistromin in pathology of dothistromal needle blight of pines. 

Impairment of the RNA synthetic capacity in pine needle tissue by 

the toxin could rapidly lead to cell death and to the necrosis of 

needle ti ssue observed in diseased foliage. 
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1. INTRODUCTION 

Dothistromin is a toxic metabolite produced by the pine-needle 

fungus Dothistroma pini Hulb8ry and isolated from laboratory culture of 

the fungus and from pine foliage infected >vi th D. pini. A detailed 

chemical investigation of the bright orange-red �igment by Gallagher 

fused to a substituted bifuran ring system and established its structure 1\ 

as that shown in Fig.1 (I). This thesis reports an investigation of 

the toxicity of dothistromin and the biochemical cl�anges it induces 

in microbiological systems. 

1 • 1 DOTHISTRONAL PINE BLIGHT 

1.11 The history of dothistromal blight 

An extensive revie"I'T of the disease, its control and its implications 

is given by Gibson (1972). Dothistroma pini was first identified by 

Hulbary (1941) as the pathogen causing a ne edle blight of the Australian 

pine, Pinus nigra var austriaca. The first report of the fungus in New 

Zealand was made by Gilmour (1965) '1-Tho identified the fungus on P.radiata 

(D.Don) in 1964 n ear Tomoroa. The disease is now established in most 

young P.radiata plantations throughout the central and southern North 

Island with smaller areas of infection in the Auckland conservancy and in the 
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�w�vas State Forest, Hawkes Bay. Light infections have been found in 

the South Island in Golden DO'\ms State Fores t, Helson , and on the lvest 

Coast . 

Dothistromal blight is also established in Central and Eastern Africa 

and in Chile where large-scale commercial plantings of P.radiata (D. Don) 

support forestry industries. In the northern hemisphere a comparable 

outbreak of the disease has not b een found, although there are reports 

of do thistromal blight in British Columbia, California, Oregon and the 

Palni Hills of India (Gibson, 1972). 

The recogni ti on of dothistromal blight as a threat to  exotic forest 

plantations has stimulated an increasing amount of research, directed 

mainly at an economic solution to the problem. 

1.12 The nature of the disease 

Infection by the pathogen is shmm by the appearance on the needles 

of yellow flecks and bands ';lhich rapidly become necro tic, assuming a 

reddish tinge (Gibson et al., 1964). necrosis of the pine needle 

tissue is followed by casting of the needles and results from v10rk with 

D. pini indicate that the observed effects of the blight on tre:v growth 

resul t  from the d .estru.ction of photosynthetic tissue (Gibson, 1972). 

Details of the infection process on P.radiata needles are reported 

by Gadgil (1967). After pene tration of the needle the mycelium grows 

throughout the mesophyll wi th hyphae growing intra- and intercellularly, 

penetrating the resin canals. Disorganisation of the mesophyll was 
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evident in advance of hyphal spread and vital staining revenled dead 

cells in the tissue of these areas. GC:dgil suggested the possibility 

of exotoxin or exo-enzyme production by D.pini to account for these 

observations. 

Brunt ( 1970 ) examined the eAtracellular enzymes produc&d by D. pini 

in laboratory culture and in infected needles, and demonstrated the 

production of enzymes catalysing the degradation of pine needle structural 

polysaccharides. These enzymes may be of importance to the fungus in 

utilising host tissue. 

D.pini is considered to be a fungal pathogen mainly confined to 

species within the genus Pinus. Host lists, based on field 

observations,sho-v; that P. radiata is the most susceptible of the 

economically important species. (Gilmour, 1 967 ) . D. pini has also been 

recorded as attacking two non-T·inus species, Pseudot:::uga menziesii 

( Douglas fir) and Larix decidua, ( European larch ) ( Dukin and �vall>.lr, 

1967; Gcdgil, 1968; Bassett, 1969 ) .  Although dothistromal blight 

has no apparent economic significance on the8e non-Pinus species in 

New Zeal&!d, it is important in disease control that all potential 

hosts are kno1m. 

Some susceptible species of pine become increasingly resistant 

to D. pini attack "1-Ti th age, while other species, like P.nigra and 

P.ponderosa, remain disease susceptibl�P. radiata acquires disease 

resistance after 1 5-20 years. Little is known of the mechanism of 

blight resistance or the development of mature plant resistance, as 
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shown by P.radiata. However, it is known to be a function of the entire 

tree and is transferable by grafting ( Garcia and Kummerow, 1970), 

1.13 The control of the disease 

Breeding pr?grammes aimed at produ cing blight resistant stock form 

an important part of the effort to control the disease. To date completely 

resistant trees have not been found and the partial resistance demonstrated 

appears to be due to precocious development of mature plant resistance. 

Clonal propagation of cuttings from trees old enough to have developed 

resistance preserves the parental characteristics and an improvement of 

the techniques involved may allow the establishment of large-scale 

plantings of resistant stock derived in this way (Gibson, 1972). 

Adequate protection from the disease may be achieved and maintained 

by aerial spraying of plantations with copper fungicides, aqueous suspen­

sions of insoluble copper compounds such as copper o�ychloride or cuprous 

oxide (Gilmour and Noorderhaven, 1970). It has been found that the 

application of fungicide every three or four years will keep the disease 

under control until the trees attain mature resistance. (For P. radiata 

this involves 5-6 applications of fungicide over the first 15-20 years. ) 

Production losses from dothistromal blight can be considerable and 

in these terms the use of fungicidal control is economically and 

technically feasible in New Zealand. However topographical problems and 

less highly-developed agricultural aviation industries restrict the use 

of this method of control in other countries. In the East African 

highlands P. radiata was replaced with less susceptible and less 
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productive species soon after the appearance of dothistromal blight. 

The application of copper fungicides controls the incidence of 

the disease but does not eradicate it; and even with the production of 

resistant stock there is the possibility of pathogen adaptation to the 

resistance factor ( s). Thus it is important tha t nore is known of 

tho factors involved in the host-pathogen relationship, the development 

of the disease e.nd the e.cquisi tion of resistance by the host. 

1.2 DOTHISTROMIN, A SECONDARY 11mTABOLITE OF D .PINI 

1.21 Dothis tromin and co-metabolites 

The suggestion by G�-..dgil ( 1967) that necrosis follo1-ring D. pini 

attack could be caused by a fungal exotoxin led to the investigation of 

extracts of culture media, Bassett and Brunt isolated a red pigment 

from D.pini culture and demonstrated its toxicity to Chlorella pyrenoidosa 

by means of an antibiotic disc bioassay. This pigment, dothistromin, 

has been isolated , purified and its molecular structure de termined 

( Gallngher, 1971; Bassett et al., 1970). Since then thG molecular 

structure has been confirmed and the absolute configuration established 

from x-ray diffraction da ta ( Bear et al. , 1970, 1972). 

Attempts to demonstrate the toxicity of dothistromin to P . rndiata 

tissues have not been successful. One of the limitations in the study 

of dothistromin toxicity is its very low solubility in aqueous solutions . 

However antibiotic discs impregnated with the pigment resul t in the death 

of cultures of P.attenuata tissue when pla ced on the medium next to the 

culture ( Bassett,  1971). 
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A number of other compounds have been isolated from laboratory 

culture of D.pini (Shaw, 1974; Gallagher, 1971). The structures of 

these co-metabolites are given in Fig. 1. One of the major co-metabolites 

is deoxydothistromin ( ) vrhich travels with dothistromin on TLC 

plates. 

In attempting to demonstrate that dothistromin is functioning as a 

fungal toxin in the disease process it is important to consider the 

results of work with other str�cturally related mycotoxins. 

indicate the possible modes of action of dothistromin. 

1.22 Possible relationships with other mycotoxins 

This may 

As a result of the discovery of aflatoxin in mold-contaminated 

feeds in 1961 a large number of fungal metabolites have now been isolated 

and their toxicity investigated in a variety of biological systems 

(Kadis, Giegler and Ajl, 1971; �Qrchase, 1971). Because of the 

diversity of such toxic fungal metabolites this discussion will be 

restricted to a consideration of those having structural similarity to 

dothistromin and hence possible relevance to the demonstrable toxicity 

of this compound. 

Studies of the toxicity of the aflatoxins, sterigmatocystin and 

analogues have indicated a correlation between structure and biological 

activity (Engelbrocht and Altenkirk, 1972; Ayres et al. 1971). These 

studies indicate that the unsaturated bifuran moiety may be related to 

toxicity and it is suggested (Engelbrccht and Altenkirk, 1972) that a 

carbonyl group in the � , � position may also have importa��with r£spect 

to biological activity. (The relationship between the bifuran ring and 



FIGU R E  1 :  COMPOUNDS ISOLATED FROM D.PINI CULTU R ES 
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the carbonyl group of the xanthone or coUDarin nucleus of these compounds 

may be better described as a phenolic oxygen conjugated to a carbonyl 

group. ) 

A number of fungal metabolites possessing a dihydro- or tetrahydro­

bifuran �oiety are known, many having been isolated and characterised recently 

(Rodricks, 1969). 

These include sterigQatocystin, aversin, the versicolorins and the 

aflatoxins. 

1 • 221 The aflatoxins 

These aro a group of difurano coumarins produced by strains of the 

AiJ.pergillus flavus group and discovered to be the causative agents of the 

'Turkey X disease' outbreak in England in 1960. Structures are given 

in Fig. 2. Studies with this series of compounds show large differences 

in toxicity and carcinogenicity. The relative order of toxicity is 

which is in accordance with the structural-

toxicity correlations already outlined, Of these, aflatoxin B 1 has 

been most extensively studied and is known to be an extremely potent 

hepatocarcinogen. A comprehensive monograph on the aflatoxins has been 

published (Goldblatt, 1969) and there is a recent review by 1:lognn n.nd 

Pong ( 1970) . (See �lso Delroy et �1.  1971). 

A£latoxin hns been shown to suppress DNA synthesis in vivo 

(Lafnrge and Frayssinett, 1970; Rogers and Newberne, 1967) and 

in vitro (Legator, 1966; Zuckerman et al. 1967; tlrngg et al. 1967); 



FIGURE 2: AFLATOXINS 
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to inhibit RNA synthesis in vivo ( Clifford and Rees , 1966; Clifford 

et al., 1 967; Harley et al., 1969; Gelboin et al., 1966; Pong and 

'rTogan, 1 970) and in some in vitro systems ( Clifford and R6r;s 1 966, 

1 967; Moule and Frayssinett, 1968). It is known thn.t the inhibition 

of ID-TA synthesis is not occurring by direct inhibition of DNA -

dependent R!·rA polymerase (Pong and 'flogan, 1 970; Edvmrds and 11ogan, 

1 970) . Inhibition of protein synthesis has been reported in many 

sys terns ( Clifford and Rees, 1 966, 1 967; Smith 1 964; \b gan and Priedman 

1 96 5; Friedman and \>logan, 1 966; Lillehoj and Ciegler, 1970) and is 

generally thought to be a secondary effect of aflatoxin inhibition of 

RNA synthesis. Hovrever, in a recent publication, Sarasinand 1'loule 

( 1 973) report a marked biphasic response in the time-course of protein 

synthesis inhibition by aflatoxin. The second phase of this response 

can be accounted for by inhibition of RNA synthesis and the polysome 

disaggregation observed. (See also Ro.y, 1 968; Villa-Trevino and 

Leaver, 1 968; Harley et al., 1 969). A direct aflatoxin effect on 

the translational mechanism is suggested to account for the very 

marked inhi :.Ji tion observed in the early stages of the biphasic 

response. 

These biochemical changes induced by aflatoxin are thought to 

result from interaction of the toxin with DNA. There is evidence 

of DNA-aflatoxin interaction from in vitro experiments (Sporn et al., 

1 966; Clifford et al., 1967; King and Nicholson, 1969; Neely, 

et al., 1970; Schabort, 1 971 ) but administration of 
3

H-aflatoxin B1 
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in vivo to rats showed that the most highly labelled liver fraction 

WEoS the protein fraction and not the DNA fr action (Lijinsky, 1968; 

Lijinsky , et al., 1970). 

Results published by Edwards and Allfrey ( 1 973) shov1ed that 

administration of aflatoxin B1 to rats causes a sudden increase in 

the rate of histone deacylation (by 15 min.). •.remporal Qnd s p.:ltial 

correlations have been established for acetylation and gene activity, 

with the acetyl content of the his tones diminishing \li th the suppression 

of transcription (Allfrey, 1971). 

A parallel has been drawn between the effects of Actinomycin D., 1·rhich 

exerts its inhibitory effect by binding with the DNA template, and the 

effects of aflatoxin. Actinomycin D does not stimulate ti1e rate of 

histone deacylation (Edwards and Allfrey, 1973) and in s everal systems 

actinomycin causes marked inhibition uhere aflatoxin hns no observable 

effects (Edvmrds and vlogan, 1970). H mvever , results indicate that 

aflatoxin acts at the transcriptional level and it h as been suggested 

that this is caused by interaction of the toxin (or a metabolic derivative ) 

with components of the chromatin. 

1 . 222 Other fungal metabolites containing bifuran moieties 

Sterigmatocystin was first characmnzodas a metabolite of A. versicolor 

(Bullock et al., 1962) and it has b een isolated from tl-10 other fungi, 

A. nidulans and Bipolaris sp. (Hol zapfel et al., 1966). Several other 

naturally occurring derivatives have since been reported (Burkhardt and 

Forgac s , 1968; Holko.r and Kagal ,. 1968; Elsworthy et al. , 1970; 



Hodricks et  al. , 1 968 ; :Jaiss et  al. , 1 968 ;  Cole and Kirksey, 1 970) • 

.S·cructures of these compounds are given in Fig. 3 . 

1 2 . 

The toxicity of s t crigma tocystin has been shown in several biological 

systmns and i ts carcinogenicity demons trated in ra ts (Abedi and Sco tt ,  

1 969 ; Lillehoj and Ciegler,  1 968 ; Purchase and Van der  1'!att ,  1 96C-:. ;  

Nel et  al . , 1 97 1 ; Engelbrecht ,  1 97 1 ) .  The carcinogenic po tency of 

s terit:rrnatocys tin has been es tablished to be of the order of Y1 00th that 

of aflatoxin B1 • 

. Anthraquinone metaboli tes have been isolated from A . V· :rsicolor. 

Versicolorins A B and C Here isolated by IIamasaki et  al.  ( 1 96 5 ,  1 967) ; 

versicolorin C ho.s since beer! shovm to be a racemate of versicolorin B. 

Structures of the versicolorin group of fungal aetaboli tes a:ce given in 

Fig. 3. Other vcrs icolorin derivatiV·)G ( or precursors ) are knmm 

(Ratsuda e t  al . ,  1 969 ,  1 97 1 ; :Cls"\'wrthy et al . ,  1 970 ) . The anthraquino ne 

aversin was reported as a metabolito from a variant of A. versi color 

( Bullock et  al . , 1 963 ) . To dato , no reports of toxicity s tudi es wi th 

the vcrsicoJ. orin group of  fungal uotaboli tes have a1)peared . 

I t  i.s of interest to compare the metabolitcs isolated from D.pini 

cul ture wi th those reported from o ther fungi . There is increasing 

evidence from labelling s tudies that these conpounds may share a 

common biosynthetic origin ,  vie the ace tate-malonate path1my. Thus , 

study of do this tromin is important as part of  the general survey of 

toxic compounds elaborated by fungi . 
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FIGU R E  3: THE VERSICOLOR I N  AND STE R I GMATOCYSTIN GROUPS OF F UNGAL M ETABO L ITES 
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1 . 2 3  Possible s tructure - nctivi tx relationships for dothis tromin 

The poss ession of e. substituted bifuran ring moiety (alb eit  a saturated 

one ) may c onfer toxi c i ty on the do this tromin mole cul e . By analogy wi th 

the af1dtoxins one 1vould not expect  do thistromin , 1-1hi ch hu.s a heuiacetal 

group in the bifuran system 9  to be a s  toxic as unsaturated derivatives . 

(Mlatoxins B2 and G2 both contain a hemiacetal in the bifuran ring n a 
and this appears to nullify the potent toxicity of the parent afla.toxins . ) 

The anthraquinone system m;:;y be of importance in tho biological 

activi ty of dothistromin. Quino.neo as a group have a mul tiplici ty of 

actions as metabolic inhibitors . The8e  include interactions with 

sulfhydryl groups ,  1-1i th amino acids and ui th proteins , inhibition of 

enzymes and modification of e l e c tron transport me chanism s in oxida tive 

phosphorylation and photosynthesis ( 11Jebb 9 1 966 ) . Hov1ever 9  the effects 

of 9, 1 0  anthraquino.nes  are no t vrell d o cumGnt ed . In eoneral they appear 

to be less effective inhibitors than the simpl er quinone compounds . 

1. 3 AUIS OF THI S UIV .:STIG1�TION 

This thesis is concerned tvi th an inves tigati on of the toxici ty of 

dothistromin and with its impl i ca ti on as a toxin in dothistromal blight 

of Pinus spp. The li tera ture reveals that fungal metabolites possessing 

similar structural features are potently toxic in divers e biological 

systems. The aims of this r e s earch v1e re � therefore , to investiga te the 

toxicity of dothis tromin by s tudying i ts biochemical effects in 

micro-organisms ? to elucidate a possible site of action to account 

for these effectis and perhaps indicate a likely site of dothistromin 

action in the pathogenicity of D .pini to Pinus spp. 



2 .  ·1 ORGANISMS 

2 .  EXPERHiEN'l'AL NET HODS 

Do thi s tror.m nini w:.r.  Hulb:�ry and Chl o rclln v.yremidosn wt> ro su ppl ied 

by the Fo r e s t ry Rooo.::�rch Institut e ,  Ro toru� 

Th"-' f o l lowing o rG:cni sr"s Hru o btClinGd froc s t�:ff L;eubr:..rs of the 

I"'i crobio l ogy Depo.rtLent , M::cs s cy Univors i ty : 

Sac charomyces cerevi s i o e, Baci l lu s  mycoides , Bac i llus sub t i li s , 

3 taphyl o c o c cus aureus , Escheri chia c o l i , Pseudomonas aeruginosn 

and Pro t eus vulgaris . 

Sourc e s  of the o ther o rgo.nisms used in this research s tudy .1.re : 

Baci l lus mega terium Im (Strain 3694 ) : Dr. �.J . C .  Hayne s ,  USD.i. , 

Peoria , I l linois . 

Bac i l lus megat orium KE T- , (mutant s train) : Dr. J . T .  "\Iachsman, 

Department of Nicrobiology , Universi ty of I l linoi s . 

1'ugl en a  gracilis ( Strain Z.) : Professor E . F .  Carrel l ,  Universi ty 

of Pi t t sburg ,. Pennsylvania. 

The suppl i ers of the mat erial s uu Gd are given in the f o l l owing l i s t :  

Thymine , adenin e ,  cytosine , thymidi ne and uridine ( sigma grad e ,  

crys talline ) ; Sigma Chemical Com pany. 



1 6 . 

Adenosine - 51 - monophosphat e ,  disodium salt , Puri ss grade ; 

Ko ch-Light Lnb o ratories . 

Uridine - 5' - monophosphoric acid ( d i s od iwn salt) , guanine 

( chromatogra:rhically pure ) ,  guanos ine - 5' - monopho sphoric acid 

( di s odium sal t )  &nd cytidine - 51 - monopho sphoric acid ( dis o dium 

salt , Puriss C}ffi) ; BDH Lab oratory Chemicals . 

Bac to-poptone , Bac to-tryptone , Yeas t extract and Chl orella agar ; 

D ifco Labora t ori e s ,  Mi chie< ·.n , U . S . A . 

Nutrient Broth ; BBL, Divi s i on of Bioquest,  r1aryland, U . S . .A . 

l�ar ; Dnvis Gel at ine (HZ) Ltd . , Chris tchurch . 

DYC ' Active ' Yeas t ;  Dominion Yeas t Co . ,  Auckland , NeN· Zealand . 

Mal t,  �lander brand dried n.--_,_lt,  Type 500 LDE ; A. 1'/andcr (NZ)  Ltd . , 

Christchurch. 

Cyclohexi:_idu , Chloramphenicol ( crys talline ) , Mi tomycin C ,  

( from Streptomyc es caespito sus , crys talline ) and Ac tinomycin D 

( from Actinomyce s  antibi o ticus ) ;  Sigma Chemi cal C ompany. 

Ribonuclease A, from Bovine pancreas (5 x crys talli zed, 

pro teas e-fre e ,  'I'ype 1 A) ;  Sigma Chemi cal Company. 

Bovine Serum Albumin ,  (";<'rac ti on V. ; ) 95��; pll 7 .0 ) ; Fluka , 

AG , Buchs S G .  

2 ,  5 - diphenyloxazole (PE0 ) ; Fluka , AG, Buchs SG. 

1 , 4 - D - [ 2 - (5 - phenyloxazolyl)] - benzene, (POPOB) , 

scintillation grade ; Nuclear Ent erprises Ltd . , Sco tland. 

Radioisotopes were purchased from the Radi ochemical Centre , 

Amersham, Buckinghamshir e ,  England . 
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Thymidine (methyl -3H) . Batch No . 74, sp. act .  2 6 . 8 curi es/rnmol .  

1 07mCi/mg ; Batch No . 77 , sp. ac t . 2 3  C'.lries/rnmol . , 95mCi/mg . 

Uridinc - 5 -3H. Batch No . 69 ,  sp. act .  2 9  curios/J.Jmol . , 1 1 9mCi/mg ; 

Batch No . 73 ,  sp. act . 24 curies/mmol . ,  98mCi/mg. 

1 - 3 - phenylalanine -1 4c . universally label led . Batch No . 6 1 . 

sp. ac t. 5 1 3mCi/mmol. , 91 % isotopic abundance in all carbon atoms . 

Uracil - 2 -1 4c . Batch No . 53,  sp. nc t. 62mCi/mmol . , 544,uCi/m.g. , 

99% isotopic abundance in carbon atom 2 .  

The antibiotic di scs us ed in bioassay were \llhatman A .A. discs 

( 1 .  3cm) from \'!. and R. Bnls ton Ltd . , England . 

Aflatoxin B1 and SterigmatoQYG tin "t'lere obtained from Nr . C .  Freko , 

r�icrobiology Department , Ma;:;sey Universi ty. 

The hydroxyan thraguinone compounds 1vcre obtained from Dr . R . T .  

Gallagher , Chemis tr-y Department , nas Gey Univcrsi ty. 

isolated and purified as outlin8d in section 2 . 3 . 

Do this tromin was 

The dothistromin analogue (vinyl e ther derivative ) Has obtained 

from Hr. G . J .  Shmr, Chemis try Depe.rtnent, r1assey University. 

Gas cylinder;; of the 5% co2 in air gas mixture >-rerc purchased 

from N . Z .  Industrial Gases . 



2 .  3 I SOLATION MID PURIFICATIOn OF DOTHISTR01HN 

(Method ns given by Gallngher ( 1 971 ) ) .  

2 . 3 1  Laboratory culture of D .pini 

1 8 .  

D. pini stock cultures trerr; maintnined on 1 0% !iial t agar 3 l.�nts and 

sub-cultured at 2 monthly intervals . To obtain S J.X>.res for inoculation 

of liquid cultures D. pini vns s treaked on to mal t  agar pla tes . Spore 

production occurred 1 0-1 4 days u.ftor inoculation of the pla tes . A 

spore suspension,  prepared by agi tr.ting malt agar cul turos vri th s terile 

>mter, was used for inoculation of 1 0;;;; mal t  aqueous Tiedium for toxin 

production. l:Ji th a heavy inoculum, pigr_f!ent production rencb ed a 

maximum >vi thin 1 0 days [\ t 1 7° . Pi{jl!lent production 1-ms c.ssessed by 

1vi thdrm'ling an aliquot of the culture (using aseptic techniques )  

extracting 1-ri th an equal volume of ethyl acetate and rending the 

absorbance of the ethyl acetate 13Xtract at 492nm in an SP800 UV 

spectropho tome ter (Unicam. ) . Initial ly D . pini 1-ro.s cul tured in 1 

Erlenmeyer flasks , continuously shaken on a gyrotary shaker (NevT 

Brunswick,  Jllodel G1 0 ) . One larc;e culture of 20.1 •ms then grovm in a 

:Bt:.rmac ell Fermentor (New Brunsvrick Scientific Co . )  at 1 8° , continuously 

s tirred and aerated . 

2 .32 Extraction of Do thistromin 

The to tal cul turo , medium an.d mycelium, vm.s extracted tvricc wi th 

an equal volume of e thyl aceto.tc . / The solvent was added to the 

culture flasks >'lhich vrere shaken on the gyrotary shaker for 

approximately 8 hours . After s tanding overnight , the e thyl aceta te 
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layer was d ecanted and the extra c ti on procedure repea t e d .  ?or the 

large F1; rmacell culture the ex trac tion pro ce s s  was carri ed out in 5 1 

Erlenmeyer flasks on the gyro tary shal.i::er . Emulsions fo� very readily 

during thi s ex trac tion . Aft e r  the s e c ond ex tr£.tction an equal volume 

of dis tilled wo. ter vms added to fnci l i  ta te the s e pari'.tion o f  e thyl 

acetate from the emulsion. Tho flasks were shaken gently f o r  2-3 �in . , 

allmved t o  s tand and the res iduo.l e thyl o.c e tnte layer de canted. (A 

l ength o f  rubb er tubing attached to a vacuum pump via a large Buchner 

flask was f ocmd to be very useful for dis persing s tubb orn emuls i ons 

and f or removing any of the -3thyl a c e ta t8 layer remaining af ter 

decanting .  The e thyl acetate s oluti on collected i n  the Buchner fl ask 

was readily s e parated from any aqueous layer which ac cumulate d . ) The 

t o ta l  e thyl ac e tate ex tra c t  was then vashed repeatedly wi th aliquo t s  

of di s ti l l ed vra ter i n  large s e parating funnels (2-. 5 1) . Aft e r  f i l tering 

through fluted fi l t er paper (vllintman No . 1 ) ,  the e thyl acetate was 

evaporated under vacuo using a ro tary evapora t or ,  over n wa ter bath 

The resul ting red depos i t  c ontained a high pr o portion of 

do thi s tromin. 

2 . 33 Puri fi cation of Do thi s tromin 

Do this tromin was purif ied from the amorphous red pmvder by 

preparat ive tmn layer chroma : ography ( TLC) . Prepara tive TLC was 

carried out on 20 X 20 cm. s quare glass plates using 0. 75mm. thick 

layers of s i l i ca gel ' G '  ( BDH ) . TLC Plates were activated by 

drying overnight at 1 20°. 
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The red powder Nas appli e d  :.1.::: an e thyl a c e tate solution t o  th e 

plates in a narrow band , approxima t ely 5mm. wid e , by repent0d s treaking 

ui th a fine Pas t eur pi pe t t e . Plates '\vere developed in e tl1Yl n c o tu.t e � 

chloroform ( 60 : 40 ,  v/v) by asc ending chromatography. The cul ture 

extrac t res olved into n number of componen t s , "1-Ti th do this tromin 

f o rming the maj or red band (Rf 0. 4 ) . The colour of the dothistromin-

containing band vari e s  f rom bright orange-red to crimson depending on 

the pH of the s olvent . Thi s  bo.nd 1ms cc.refully sc raped off th e 

plntes , while s ti l l  we t ,  into e thyl v.c e tnte . The re sul tant slurry 

vias shaken with a little dis tilled �rater and the orange ethyl ncetnt e  

layer separated fil t ered and evaporated t o  dryne ss in a ro tary 

evaporat o r . The do this tromin us e d  in thi s inves tigation was purif i ed 

three times by TLC and s to red in the dark ns the dry povrde r . Stock 

s oluti ons , in e thyl acct::::.te , were m,1de up as r equi red . The 

c onc entra tion of these s o lut ions �ems d e t e rmined by UV s pe c t ropho tome try 

(Unic ·�::: SPBOO ) .  ( 1 mg  of do this t rOI:Jin in 2 5  cm
3 

a thyl ncetate has u.n 

absortanc e of 0. 75 at 490!4:1 . •  Gnl lc.ghC?r, pC;rs . c ommuni ca t i on ) . 

2 . 34 Pre cautionary measures f o r  handling Do this t romin 

The possible contribution of the dihydro-benzofuran or the 

te trahydro- derivative of this moiety to the toxicity and carcino­

genici ty of fungal metaboli tes , such as the aflv.toxins o.nd s terig-

matocystin, has already b een dis cus s ed . ( 1 .  23) .  Dothi stromin c ontains 

a hemiacetal in this bifuran sys tem but the formation or biosynthe s is 
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of unsnturated derivatives is not unlikely. For this reaoon 

dothistromin and its cometnbolites should be handle� Hith care while 

poss ibl e effects on man are being examined. 

In generG.l , these me teri':tls should be handled using the same 

precautions taken lihen working Hi th radioe.c tivo substo.ncos or 

pathogenic organisms , as recommended by Goldblatt ( 1 969 )  for the 

aflatoxins . During this study all contaminated glass'tT.?.r8 wns soaked 

in s trong alkali before 1-vnshing and strong allmli 1;J'O.S .-:tdded to nll 

solutions before discarding. Protectiv0 clothing and gloves vwre 

"1-TOrJD. when vrorkirr- 1-li th the toxin. D.pini cultures were autoclnved 

before disposal . Contaminated solid 1mstc ,  such as fil tor papers , 

was plo.ced Hith solid WJ. s t o  fro.ra radioactive studies for incinerati on. 

2 . 4 MICROBIOLOGI CAL JI1ETHODS 

2 .  41 �1ain tanance of Chlorella cultures 

Chlorella pyrenoidosa was maintained on ChlorellQ agar slants 

( see section 2 .  7) and sub-cultured every 4-5 1ve eks . After inoculation 

the slants were illuraim1ted at 25° for 4-5 days Dnd tllG cul tures vJere 

then stored at 4°. Cells for the inocul2.tion of liquid cul tures 

vtore taken from fresh slo.nts ( 4-7 days old ) . 

2 . 42 Liguid cul ture of Chlorella 

Chlorella pyrenoidosa was grown autotrophicnlly in an inorganic 

medium aerated with 5% C00 in air ; details for preparing the medium 
"-

are given in section 2 . 7. The cultures were grown in 500 cm3 or 
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1000 cm3 Erlenmeyer flasks s toppered by rubber bunfs f i t t ed wi th glass 

tubing inlets arranged so that 2.eration prevented the cells from 

s e t tl ing out during cul turing. The Erlenmeyer flasks Here f i t t e d  

l'li th a glass- tubiP..g s i de-nrm and sto pcock s e t  in the bnso f or th e 

remova.l of [:amples during- cul turo . 

_Chl_g_rolla cul turos 1-wre grmvn at 2 5° 
i n  a thermosta t tod rooD . 

The cul turos uere il luminated �Ii th two banks of four Atl.'ls 

1 Super--Gro 1 ,  20 vra tt fluoresccn t tubes arranged to give an inc i d ent 

light intensi ty of 8000 lux (measured using a Seiko photographic light 

meter) at the surface of the culture vess els . To pre�en t  local areas 

of higher tempe rature around the light banks . a large Ind ola fan v:as 

ins talled behind the lights to keep the air c irculQtin g and oaintain 

nn even t8mperature throughout the room. The b ench- top lWS lined 

1.Yi th vThi t e  paper to  reflec t light through the base of the cul ture 

vessels which were placed on invert ed s quare wi re baske ts . The gas 

was bubbled through a Drochs ·�l bottle of s teri le water b efore being 

introduced into the cul tures . A schemati c dio..gram of the cul ture 

appara tus i s  given in Fig. 4 . 

2 . 43 Us e of Chl orella in Pla te Bioassay 

To pre pare the bioassay pln tes , 1 0  cm3 of e. two day cul ture of 

_Q.hlorella vms dis persed thoroughly in 1 00 cm3 of Chlorella agar 

COO J;·od to 45° . Th " d d d · t t " 1  t · . 1 s  s e e  e agar was poure 1n o s er1 e pe r1 

plates at 20 cm3 ( approx . ) per plate and the agar allowed to  

s olidify. Known amounts of dothis tromin ( or compound for assay) 
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F I GU R E  4 :  SCHEMATIC D I AG R A M  O F  CU LTU R E  APPA RATU S  FOR CHL OREL LA. 
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v1ere applied to antibiotic discs as an e thyl acetate s olution usi ng 

mi c r o l i tro pi pettes or Hamil ton mi croli tre syringes . Solvent control 

discs •·re re prepared in the s ame >my. The discs were allo\ved to dry 

thoroughly. Each di sc vl.:lS then placed in the centre of the s e ed e d  

agar petri plates . 
0 Tllo plntes were incubated at 2 5  under fluorescent illumination 

( Atlas ' Super-Gro ' ,  S-2008, 20 vr2.tt tubes ) for 4 days. At thio time , 

the cliameters of the resu l t i ng inhibition zones were mo &sured . 

To improve the clari ty of the inhibi tion zones , an ' overlay 

technique ' >ms o.dopted for bioc.so.c'..y. Basal l�yors of s terile 

unseoded Chlorelln agar ( approx . 1 0  cm3 per plate) 'Here <:.llovmd to 

solidify in the pe tri plates  before the Chl orellc.-s e eded agar layer was 

pour ed ( approx . 1 0  cm3 per plate ) . Antibio tic di scs vrore pl:}ced at 

the centre of each plate af ter bo th .:1g�r layers had s ol i difi ed . 

2 . 44 Bir;>assay Pro c e dure, using o ther micro-organi smo 

The bioazsay pro c e dure used for the range of micro-organisms 

s c re cr ted for sensi tivi ty to dothistromin was as outlined for Chlorella . 

Aliquots from overnight nutrient broth cultures of ench organism 

were added to and dispersed thoroughly in flo.sks of sterile nutrient 

agnr cooled to 45° .  The s eeded age.rs 1voro poured onto bc:sal :Layers 

of unsoeded nutrient agar in sterile petri plates and the appro priate 

disc placed in the centre of each one after the agar had s olidifi e d . 

Since mos t  of the o ther o rgani sms inves tigated havo a much fas ter 

grmvth rate than Chl orel la pyrenoido sa these plates only requi red 
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overnight incubation before the zones of inhib ition were measured . 

The excepti on was �glena gracilis. atglena bioas say pla.tes , like 

those of Chlorella, were illuninated for f our days before the zone s  

of inhib ition �V"ere raeasured . 

De tails of media preparation are given in s e c tion 2 . 7 . 

2 . 45 Measureraent of Growth of Chlorella in Li3uid Cul ture 

Af ter inoculation of liquid media, Chlorella cul tures vrere grown 

as described above . At timed intervals ,  following •'! entle shaking of 

the cul ture vessels to ensure an even cell sus pension, 5 cm3 samples 

vTGre withdrawn from the cultures via the s ide-arms. The OD 660 nn 
of each sawple was then read in a Bausch and 1omb Spec tronic 2 0  

spec trophotome ter. Samples ,.,ere diluted wi th d istilled 1-1a ter if 

neces sary. 

A s tandard curve relating OD 6 60 to c ell number/cm3 was nm 

cons truc ted us ing a haemocytome ter (Fig . 5 . ) . The s tandard 'urve 

plotted is a composite curve utilizing data from cultures over a 

wide range of diluti ons . 

2 . 46 Synclmonous Culture of Chlorella 

2 . 46 1  Introduc tion t o  Synchronous Culture T echniques 

Synchronous cul tures are those in which the principal mas s  o f  

the c e l l s  in a given populat ion are at a s ingle s tage o f  development , 

The methods that have been developed to achieve synchrony in vari ous 

cell s ys tens have been c onveniently sunuarised by Janes ( 1 96 6 )  and this 

table is dupli cated here for reference ( Table 1 ) . 

dis cussion refer to Mitchinson, 1 97 1 ) .  

( For a nore recent 
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TABLE 1 .  

Methods for Obtainil� Synchronous 
Cultures 

Category 

INDUCED SYNCHRONY 

Te@perature methods 

Cycles 

Shifts 

Shocks 

Light �ethods 

Cycles 

Nutritional methods 

Principle 

Synchronous cultures are produced by 
treatment of the culture . 
Temperature changes are used as the 
treatment. 
Cul turo is  subj ected to a cold-"l'mrm cycle 
equal to one generation. Cycle is repeated 
"I'Ti th renem::tl of mediUI!l with each cycle.  
Te1:1pcra ture is  changed from a lmv to  n 
high level . Divisions occur in 1varm period. 
Temperature is raised and lowered in rapid 
succession in a series of pulses . Pulses 
range from optimal or suboptimal to  supra­
optir::J.al. Divisions occur follm·Ting a 
period at the lower temperature . 

Light changes are cue for the entrainnent 
of cell cycle . 
Light and d�rk cycles are used to entrain 
cul tures of pho tosynthetic cells such that 
divisions occur one each cycle. Strength 
and duration of light period mus t be such 
as to give balanced growth. 

Growth on basal medium is followed by 
addition of enriched medium called a shift­
up, or vice-versa,  a shiftdown. Shifts 
from s tarvntion level to enriched medium 
are also used. 



Category 

Auxotrophic control 

TABLE 1 ( Cont ' d . ) 

Principle 

Uses a change in a single requirement 
holding other requirements in exces s . 
Genetic strains with specific requirements 
are most  effective . 

28 . 

Hetero trophic control  T-1akes use of changes on broad spec trum 
requirerJ.cmts , i . e .  carbon source ,  nitrogen 
source. Divisions occur after a lag 
following enrichment . 

Gnsometric methods 
Aerobic-anaerobic 

Inhibitory methods 

SELECTION SYNCHRONY 

Si zing raethods 

Filtrati on 

Sedimentation 
vcloci ty 

Grow-off me thods 

Substrate attachment 

Uses single or mul tiple cycles of bubbling 
ni trogen then air through the culture in a 
fixed pattern in time to induce synchrony. 
Controlled gas tensions nay also be a mode 
of control.  

Employs n n  inhibitor of  cell division or  a 
stage in the cell cycle and a washout 
procedure to ac cumulate cells at a 
specific  s tage of cycle . Excess of 
n�tural �ctnboli tes are mos t  promisiP� ,  
i . e . thymidine. 

Synchronous cultures obtained by isolation 
of a spe cifi c stage. 
Depend on correlation betueen cell size 
nnd cell age . Selects small frac tion from 
a logarithmic culture to start synchronous 
subculture . 
Small size bac teria are obtained by ex­
pressing slurl? of cells through a filter 
pnd . Care is taken to maintain other 
conditions constant . Small cells are 
subcul tured . 

Depends on difference on sedimentation rate 
with cell size . Small cells are removed 
from upper portion of a density gradient to 
form synchronous subculture . 
Adsorb cells onto filter pack. Parent c ell 
att<1.ches ,  daughter cell falls off at fission. 
Tissue culture cells and amoeboid forms 
attach to the substrate during interphase of 
the cell cycle .  At time of division they 
tend to round up and detach. Collection of 
detached forms provides subculture of 
synchronous cell s .  

- from James ( 1 966 ) .  
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2 . 462 The c ell cycl e  o f  Chl orella 

Synchroni zed cul tures of Chl orclla were first developed by Tamiya 

and c olleagues . After the obs ervation of two dis tinc t forms of cells 

in : cul tures of C .  illlips oidea , these tvlO types of c e ll s  -vmre s hown 

to have different charac teri sti cs ; the smaller ' dark ' cells b eing 

ri cher in chl orophyll and nore a c tive photo synthetically than the 

' light ' cel l s  ( Tamiy� et al. , 1 953) . It was als o sho�m that the 

' dark ' cells , if illuninated �nd provided wi th adequate nutri ents , 

increased in s i z e  and became ' light ' cells , 1-fhi ch in turn divided 

to fonJ daughter cells simi l�r t o  the ' dark ' cells . The pro c ess 

·whereby the ' li ght ' c ells v1ere t ransforrJ.cd into ' dark 1 cells was 

found to be l ight independent .  Tamiyn e t  a l .  ( 1 953 ) als o  no te 

that their cul tures displayed the ' pe cul inr phenomenon ' of an almos t 

simultaneous change from one form into the o ther a t  a fairly defini te 

time interval , a phenomenon -vrhich ceased rtf ter several days cul turing. 

Further work by the Japanese group es tabl ished the cycllhc nature of 

th 
the dovelopr;18n t of C .  o.llipsoideo. and)., so-called ' 'ramiya cycl e  1 wi th 

its 7 s tages of gro-v1th and ripening vms published . ( Tarliya et al . , 

1 96 1 a) ( See Fig . 6 ) .  

Sinc e the es tablishment o f  Ll t echni que of synchronizing C .  ollipsoidea , 

the effec t s  of various environmental fac tors have b e en extens ively 

s tudied.  Of int eres t in the contex t  of this res earch s tudy ll: the 

inves tigation of the effe c te of nore than . f ifty antime tabolites on 

the cell cycle of c .  D l lipsoidea unde
.
rtaken by Tamiya e t  al.  ( 1961 b) . 

Their results indicate quite cl early that effective use can b e  made 



F I G U R E  6 :  T H E  'TAM IYA' CYCL E  
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Diagram of the cel l  cycle of Chlorella ellipsoidea. White arrows indicate l ight-dependent 
processes, and black arrows show l ight-independent transformations. ( From Tamiya et a l . ,  1 96 1 a) 
( Dn, D-L etc. - notation developed by these workers for reference to cel ls  at a particular 
stage of the cycle) .  
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of synchronous cul ture techniques as a tool in the inves tigation of 

the nechanism of action of inhibitory subs tances . 

The mos t  wi dely used me thod for synchroni zing algal cells 

invo lves the use of light : dnrk regines . The durati on of the light 

and dnrk period2 as well as the intensi ty of illu�ina tion are 

important fo.c tors in detornining the suc cess of a synchroni z ing 

regime . Tho ligh t  period mus t  be of suffic i ent length to allmrf 

cells t o  pho tosynthesize nnd co.rry out the ne tnboli c proc e s s e s  nec essary 

for growth and cell division. \rli th the dark period b eginning jus t 

prior to the ons e t  of cell divi�n, the daughter cells are released 

in darkne ss and , until the onse t  of the follm.;ints ligh t  pe riod, the so 

cells are prevented fron ini tinting a nov1 cycle of grol'lth and 

development . This forms the basis o f  the synchroni zing me thod. 

Obvi ous ly a d.c:.rk period of exc es sive dura ti on would resul t in the 

s tarvation nnd depletion of colls . On the o ther hand , if th e periods 

behrcon il lumination 1wre t oo brief cell division vmuld not have been 

comple te d  by the entire algal populati on,  duo to s light variation in 

the l engths of individual cell cycles . This >wuld n2ke synchrony 

diffi cul t to achieve . The rogine used to obtain synchrony mus t b e  

' sele c tively cho sen by trial and error ' as no ted b y  Tnmiya ( 1 966 ) . 
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2 . 463 DevolopQont of Technique for Synchronous Culture of Chlorella 

2 . 46 31 Preliminary Studies 

The naj or difficulty cmcountored in setting up synchronous 

cultures was the deteruination of the duration of the illumination 

poriod required for grow·th by this s train of Chlorella pyrenoidosa 

under the growth conditions chosen. Firs t attempts in this direction 

were unsuccessful. These included exposing a log-phase batch cul ture 

at an ini tial cell densi ty of 1 • 5 X 1 0.7 cells/ cn3 to tlw successive 

light : dark cycles of 36 hr : f2  hr ui th dilution of the population to 

the ini tial cell density at the be�inning of the second cycle . ( The 

rogine chosen wo..s bas ed on the life cycle of C .  ellipsoidea as 

observed by the Japanese group. ) Little or no signifi cant changes 

1wro obs erved in the cell size  dis tribution and the cell nunbur only 

increased to 2 . 7  X 1 07/cm3
• This suggested that insufficient light 

was available to the culture to perm.i t optinal growth. The banks of 

fluorescent lights were rearranged to  give an incident light intensi ty 

of 8000 lux at the surface  of tho culture vessels . ( Data obtained by 

Tnoiya et  al . ,  1 964 ; r.lorimurc. , 1 95 9 ;  using C .  ellipsoidea as an 

experimental organisn show lit tle increase in growth rate at 2 5° at 

light intensities above 1 0 , 000 lux. ) 

An established cul ture was incubated in the dark for several 

days before being used to inoculate fresh mediuo at an initial cell 

densi ty of 2 . 2 X 1 07/cm3 • A c ell size dis tribution plo t  of this 

' s tarter ' cul ture sho-vmd that 57 1� of the population were small c ells 
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( of diam . < 3 .0 0 p  ) . The culture 1-nts grown under c ontinuous 

ill'tlm.i nnti on and sanples were; l'fi thdrawn at intervals for de temina ti on 

of c ell numbers nnd cell s i z e  di s t ri bution .  A t  n o  tiiJe >ms the 

expec ted ' burs t ' of c ell div is ion obs e rved and again changes in cell 

size di s tributi on woro no t s ignifi can t . I t  wns rec ogni zed tha t the 

s tarting inocul1m "l'rould havo suffered o ome degree of s to.rvntion but 

it was ho ped that tho apparent honogenei t,y of the ini tial population 

-vwuld encourage s ooe degree of synchroni za tion .  I t  is pos sible that 

a porcen tage of the popula tion 'ltTGre no longer v io.ble and thus obs cured 

any synchroni zed divi si on whi ch nay have o c curred . 

Obviously tho s e l e c ti o n  of nn honogenous s tarting population i s  

an advantage in e stab l i shing synchronotis cul tures. 

Differential centrifugation was inves t igated a s  a moans of 

preparing homogenous s tarting cul tures becaus e of the eas e with which 

l�rge volunes c an  be handle d  and the relative ease of IJaintaining a 

s terile environment .  n log-phas e  batch cul ture o f  Chlorella was 

subj e c ted to c entrifugation at 9000 rpn X 8 min. ( 1 3200 X g) . The 

entire algal population, whi ch precipi tated under these condi ti ons , 

'vas resuspended in cold , s terile 0 . 02M KH2P0 4 ,  pH 4 . 5 (S o rokin, 

1 96 5) and centrifuged three tiiJes in succession at 1 000 ::-]_-� X 2 min. 

( 1 00 X g ) . After each centrifugation the precipi tate of larger 

cells was discarded . Samples were taken a t  each s tep and the cell 

size distribution within each frac tion determined . 

cell size frequency his tograms are given in Fig. 7 .  

Repres entative 

As shown, this 
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Representing the range of cel l sizes present in each selected algal popu lation. 
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b) Supernatant from first centrifugation 
( 1 00 X g ) 

2·0 3 ·0 4 ·0 

cell d iam./11m 

d) Supernatant from th i rd centrifugation 
( 1 00 X g ) 

2 · 0  3·0 



procedure yields an algal populati on in which more than 97% of 

the c ells are small ( of d 'nn. < 3 - 0 0 )..1. ) •  
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A population sel e c ted b y  differential c entrifugation as 

outlined above vras collected by cen trifugation and rcsusponded in 

pro-equilibrated medium. Under continuous i llUQina tion of the 

culture the onse t  of c ell division, as evi denc ed by an increase in 

c ell nuobe r  and the reappearance of small cells in the cell 

populati on , 1-ras observed in s aoples from th e 1 6 th to 1 7 th hour of 

culture . 

On the basis of the s e  experioents , a oe thod using a light : dark 

regime ( 1 6hr : 8 hr) follovled by the selec tion of an h omogenous 

popul a tion by differential centrifugation was adopted to ini tiate 

synchroni zed Chlorella cul tures for the purposes of this research 

s tudy . Full details of tho oe thod are given belo\v . 

2 . 4632 Procedure for obtaining synchronous cultures of Chlorella 

• starter ' cultures ,  from which the . i .noculum for ini tinting 

synchronous cultures was derived, were �oculated from agar 

s lants .  These s tarter cul tures w ere grovm o n  thre e  cycles of 1 61� . 

fluores cent illuminat i on followed by 8 hr dark a t  2 5° in the 

experimental apparatus described for liquid culture of Chlorella. 

During dark periods the growth flasks w ere v�apped in a luminiun foil 

to exclude the light . ( By this means o th er experiments , no t 

necessarily in phas e  wi th the ligh t :  dark regioe , c ould be carried 
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out at the sa@e time . ) 'l'he three cycles of 1 6 h� : 8 hr regi@e were 

fo llowed by a 72 hr period of growtll in the dnrk . 

At the end of this precul turnl regine the cells vrere harves ted 

by c entrifugation (1 3200 g, 9 , 000rp::::t X 8 nin GSA ro tor in Sorvall-S S-3 

centrifuge) in sterile ,  metal 250cn3 containers. The cells were 

then rcsus pcndod in 0 . 5 vo lunes cold sterile 0 . 02� KH2P04 , pH 4 . 5 

and centrifuged X 3 n t 1 , 000 rpn X 2 min ( 1 00 g ,  GSJ1. rotor ) . After 

each centrifugati on the precipi tnte of larger cells vms dis cnrded . 

The 1 s@all 1 cells , selected by differential centrifugation in this 

ma1mer, "lv"ere pre ci pi toted by c en trifuga ti on ( 1 3200 X g ;  9, 000 rpm X 

8 nin, GSJ. rotor) . The ' starter ' populati on was then rosuspended 

0 in growth nediuo, vrhich hnd been pre-oquilibrated at 2 5  and aerc.ted 

with 5% co2 in air, to give an on660mm 
in the order of 0 . 0 1 ( to give 

an initial c ell densi ty of 1 . 0 X 1 06 cells/cm3 ) . 

The synchronous cultures ini tinted in this way >vcre grmm in 

::;;rlenmeyer flasks , aerated wi tl1 5% co2 in air at 2 5° and illuminated 

in o. 1 6hr : 8 hr light : dark regime , ( unless specified o therwise ) . 

Sanples for analysis were withdrawn via the s ide-�ms at tined 

intervals. The bulk of each sample was fro zen iomediatoly and s tored 

until the end of the experiraent when all sanples vrere a �!"J.ysed. 

Snall aliquots of each sa@ple were taken for es tination of c e l l  

nunbers and cell size distribution . 

Duplicate cell c ounts were taken of each sample using a 

haemocytome ter . ( The marked changes in c el l  size which o c cur in the 
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life cycle of Chlorella and tho varia tion of pigoontati on over 

thi s period procluded e s tinati on of c ell numbers by OD660nr. as 

used for the growth cul turoii: . Thi s  ncthod would hGve nec e s s i tated 

the cons truc ti on of a s tandard curve for each s tage o f  the cell 

cycle . ) Cell s i ze dis tribution his tograms were plo t ted f rom 

neasuro�ents of 1 00 c el ls from each Chl orella SffiJpl c ,  using a 

calibrated travel ling eyepiece ( E .  Lei t z ,  We tzlnr) . 

At the end of oach exporinent all s tored samples were thawed 

and dupli cate nliquo ts taken frol'il each fo r s e paration into Jt.ucleic 

acid and pro tein frac ti ons . 

2 . 464 Ass e s snent o f  Degree of Synchrony Achi eved 

Requirenonts for i deal synchrony ns outlined by Senger and 

Bishop ( 1 969 ) are : 

i ) . Co�plete synchroni zatio n - that all cells should 

UIJ.dergo c onpl e te divisi on in the synchronous life cycle . 

ii ) . Honogenoi ty - all colls of a synchronous cul ture should 

devi a te as little as possible from the develo pnental 

s t age of the mass of the cul tural popula tion. 

iii ) . Exponential growth - cul tural conditi ons should be 

o ptinal to al low growth i n  the exponential pha s e  wi th 

the shortest poss ible life cyc le .  
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iv) . Non-susceptibility of the life cycle to the synchroni zing 

pro cedure - the �ethod of obtaining synchronous cultures 

should not nffect the biochemical events in the cycle and 

the cells should be i denti cal at the beginning and end of 

one synchronous cycle . 

The synchroni zed Chlorolla popula ti ons :1chievod do not 

conplotely fulfil all of t'·, cso  requirer.l8nts . The condi ti ons of 

cul turo would appear to allmv near optioal grovrth and there has been 

considerable discussion as to whether algal cul tures synchroni zed by 

ligh t :  dark al ternati ons fulfil the four th of those requirenents . 

Sone authors .'l.rgue that a light : dnrk regiae corres ponds more closely 

to tho natural environr:10n t.'ll c onditions of nlgo.o than does 

continuous illuminati on nnd is therefore nore physiological 

(Goryunovtl. et al . , 1 962 ; Sengor nnd Bishop ,  1 969 ) . I t  h!:lG also 

been reported that growth was inhibi ted in cul tures under continuous 

illuminnti on with repetitive ailution (Ruppel , 1 962 ) .  

In thG sys ten used for this  resenrch there is a fairly high 

degree of populntion honogenei ty ns shown by cell size dis tribution 

plots , but conpl ete synchroni zation is no t nchi eved . ( The division 

numbers in �ost cnses slightly less  than 4(. 0 ) . 

Investigation of the pattern of events occurring over the cell  

cycle of a continuously illur1inated synchronous culture of  Chlorella 

shovTGd a c ontinued increase in cell nunber ovor the cell cycle and 
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a wi der range of cell s i ze in tho algal population than in cul tures 

grown under the intGrmi ttent i l lUhrinati on of the light : dark 

regime ( s e e  Fig. 1 5 ) .  Cont inua t i on of the synchroni zing pro c edure 

i s  therefore neces sary to mai ntain synchrony , parti cularly f or more 

than one cyc le . Fur ther work shot>red t ha t  even us i ng progra::1ned 

i l luminati on and diluting the cul ture wi th fresh mediuo nt t he end 

of the f irs t cycle ( i . e . at the ons e t  of tho s econd l i�ht p e ri od ) 

the degree of synchrony achieved in the s e c ond cycle was nof as 

s atisfac tory no r as repro ducible as that of the first cycl e .  

There have been a number o f  papers repor ting i ndi c e s  o f  

synchrony, i .  c .  W.':J.ys o f  as s e s s ine the de�rG e of synchrony achi eved 

( Enro�elberg,  1 96 1 ; Schorbaun, 1 964 ; Engelborg and Hirs ch , 1 966 ; 

Burne tt-Ha l l  and 1'Jaugh , 1 967 ) . Only the index proposed by 

Scherbaun has been appl i ed in this cas e . The synchr oni zn tion i ndc�x 

( SI )  is defined as : 

t + gt (2-n) SI = ' 

1 . 1 2  gt 

where t = tine (ni ns . ) during which synchronous 
divi s i o n  o c curs 

gt = genera tion tine (Iilins . )  of no rmal 
exponentially growing cul ture 

and n No . c e l l s  in synchrony 
= + 

to tal No . cells 

Using this index it has been possible to assess and compare the 

synchrony achieved . The index approaches uni ty for a cul ture 

showing a high degree of synchrony and becomes very much less for 

cultures in which only a portion of the total populati on are in synchrony. 

Exanples of calculated SI values are given in Table 2 .  For the cul tures 

developed in thi s s tudy the SI  was in the order 0 . 6  - 0 . 7 .  This  index 

becane very nuch less for cultures where successful synchroni zati on was 

not achieved. 



TABLE 2 

Synchroni zati on Indices (SI) 

CULTURE : Initial g ell Final c311  
no . /cn no . /cm Expt.  I 

Interni ttent illunination 
( incomplete cell division 

1 0
6 

over longer period) 1 . 7 X 

Expt . I I  

Intermittent illUI!li.na tion 2 . 0  X 1 0  
6 

Continuous illumination* 2 . 0  X 1 06 

Expt. III  

1 06 Continuous illul'linn tion 1 . 0 '" A 

Expt . IV 

Continuous illuninntion 0 . 6  X 1 0
6 

Continuous illunination 
( cul ture containing 
Dothis trooin) 0 . 6  X 1 0  

6 

SI  = 
-=-t_+

�go.;:;t--l.,;;( 2;;...--==n�) 1 - -
1 . 1 2  gt 

3 . 3 X 1 0
6 

6 
8 . 0  X 1 0  

1 0 . 0  c 1 0
( 

,-
4 . 01 X 1 0 · '  

2 . 1 0  X 1 06 

0 . 70 X 1 06 

where n = 1 + no . cells in synchrony 
total no . cells 

generation time (gt)  = 1 440 mins . 

40. 

n t (nin) 

1 . 48 600 

2 . 0 480 

1 .  95 480 

1 . 88 480 

1 . 29  480 

* Vory large burs t of cell divi sion oc curring over longer period 
with a division no . ) 4 . 0  and s till increasing at 24th hr. 

:. SI 

0. 1 7  

o .  71  

0. 66  

0. 59 

0 . 074 
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The degree of synchrony achieved in the Chlorella systen developed 

could cl early have been improved nnd it is recognised that th o cell 

cycl e is , in all probab ility , lengthen ed by a lag per iod resulting 

frou de pletion during the p rocultural treament. Howev er thes e  

cultur es separ ated cellulnr growth p ro ces ses from those of nuclear 

and cellular division sufficiently to nllow their use as a 

bioch emical tool in studyinc; the effects of dothistrooin. 

2 .  4 7 Haintenan ce and grol'lth of Saccharonyccs cerevisiae 

Cultures of S. cer evisiae wer e nain t::cined on }:IT.J (nal t/yeast 

extract/Pe pton e/glucose ) agar s �.opes. After inoculation the s: 0pes 

were in cubated overnight at 30° and then stored at 4° . The organism 

was sub-cultur ed every 3-4 weeks. Liquid cultures I·Tere grown in 

the nediun detailed in Section 2 . 7 . This oedium vms inoculated 

0 f roo fresh slo pes of th e culture and grown at 30 • 

2 . 48 r-Iaint enan ce and G ro1vth of Bacillus oegater inn (Kr1,KW.r 

Cultures of B. oegateriun wer e  nainta ined on the mediun given 

in Section 2 . 7 . 0 Aft er inoculation the slopes were incubated at 30 

0 overnight and then stored at 4 • The organisos we re sub-cultured 

every 7-8 days. Liquid cultures were ino culated f rom slopes into 

the oedium detailed in Section 2 . 7 . and grown at 30°. 

2 . 49 Measureoent of Growth of S. cerevisiae and B . negateriun 

Liquid cul tures of S. cer cvisiae or  B .-mega teriun were grown 

at 30° in a shaking waterbath , in 25  cm3 Er lenoeyer flasks fitted 



wi th side-arm tubes designed to fit a Klett-Sunmerson photoelectric 

eo lorioeter. Each flask was withdrawn from the waterbath at timed 

intervals and the chnn 

increase of the Klett  peri od of cul ture . In this vmy 

growth curves were plott0d for both organisos and the toxi c levels 

of various coopounds es tablished by addition during log-phase and 

observation of the resul tant changes in the growth of the culture . 

To es tablish the effec tive range of the do this tromin : cell 

nunbor ratio for each orgo.niso it  W [\ S  necessary to be  able to 

correl.<J.te Klett uni ts wi th cell mm.bor/cn3 • Standard curves l'l'ere 

prepared by counting uicroscopicc.lly the mmber of colls/ er:? in 

cul tures of a known Klott uni t . For S . cerevisiae , a budding yeast ,  

buds 1vore counted as whole cells when they ho.d a ttnined 50% o f  the 

paront-c o.l size , as judged by eye. 

2 . 5 ANALYTI CAL IVIETHODS 

2 . 5 1  Deteroination of nuc leic acids and protein 

2 . 5 1 1  Modified Schoidt-Thannhauser Extracti on Procedure 

(Buetow and Levedahl, 1 962 ) 

The following extrac tion procedure was used for the determinati on 

of nucleic acids and protein throughout the cell cycle of Chlorella 

and for deternining the distribution of label in c ellular c ooponents 

after radio-is otope labelling. 
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Duplicate sanples for extracti on wore concentrated by 

c ntrifugation ( 5  Illin,  top se_t ting, Gallenkmap ' Junior ' benchtop 

centrifuge ) and the supcrnatants discarded . The pellets were 

extracted successively with absolute ethanol (1 cm3 ) ,  twice with 

absolute ethanol : e ther ( 50 :  50 , v/v) ( 1  cw3) and vri th absolute 

e thanol ( 1  co.3 ) .  In ench extracti on the pellet fron the previous 

s top was cnr0fully resuspended in the solvent and loft to s tand 

( 5- 1 0�in. ) before centrifuging. The supornatants from each stage 

wore di scarded. 

To ex tract acid-soluble components the pellets wore resuspended 

evenly in 1 cn
3 

cold 0 . 2M porchlori c acid and placed on ice for 

1 5  nin. �t the end of this time the suspensions wero c entrifuged 

and pellets re-extrac ted with 1 cn3 cold 0 . 2K porchloric c.cid in 

the same nnnner. The supcrnntants from those  las t two s teps 1-10re 

c m:;bined to forn the ' acid-soluble ' fraction.  

The pr�oipi tat• fron the f inal centrifugati on was resus pended 

in 0 . 5cn
3 1 �'! sodiun hydroxide and incubated in a 30° waterbath 

overnight ( 1 6hr) to hydrolyzo the :c .. _ .  (During incubations all 

tubes were to pped wi th glass narbles to prevent evaporation . ) 

After neutralizing wi th 0 ,  5cn3 t N hydrochloric acid , the suspensions 

were chilled on i ce for 1 5nin. DNA and protein were precipi ta ted 

by the addition of  3 cm3 cold 1 �M perchloric 3Cid. The precipitates 

were collected by centrifugation and tho supernatant froB this s tep 

forms the ' alkali-labile ' fraction ( containing RNA cooponents ) .  
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precipitate was resuspond od in 50% ethan ol and aliquots of both t he 

supernatant and p recipitate fractions taken f or ostinntion of rodio-

activity. 

2.51 3 Es tina ti on of nucleic acids 

Concent rations of IDTA and DNA in the frac tions arising f ron the 

Schnidt-Thonnhauser extraction procedu re were d ete rmined by UV 

spec trophotonetry (Hitachi 1 01 spec trophotonetor) using the nothod 

of Do Deken-G rons on and Do DEk on ( 1 9� ) . 

The RNA fractions wore rend n.ga.inst a U1 perchloric acid blank 

at 260 m1 and 3 1 5 nn. The conc entration of RNA ( p g/cr:.3) is given 

by : 

Sioilc.rly the DNA fro.cti ons were roo.d at 267nn and 31 5nn, th e 

conc entration of DNA ( , t g/cn3) in each f raction being given by : 
/ 

( OD267nu OD31 5nn) X 32. 94 

2 . 5 1 4 Estination of total protein 

Protein in the Schnidt-Thannhauser fro.ctions was d Gterninod 

by the nothod of Lowry, Rosobrough, Farr and Randall ( 1 951 ) . 

Standard curves covering the rang e 0-1 00 y.g protein were cons t ructed 

using a bovine sorun albunin standard .  All protein estinations were 

read at 750nm (Hi tachi 1 01 s pe c tro pho tonete r) . 
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2 . 52 Fluorine tri c Detec ti on o f  Do this trooin 

Zones froo agar bioassay pla tes were inves tigated for the 

pres ence of do thi s tronin by utili zing the fluorescence of the 

c ompound . Sampl es were exauined for fluore s c ence in n Turner 

S pec trofluo rine ter, (G . K . 'furner s pec trofluorineter Model 430 ) , 

us ing an exc i tation wave l ength of 47 1 nn  and an emi ssi on wavelength of 

555nn . These wnvel eng ths iverc s e l ec ted l!f ter deterrJining the 

enission nnd exci tation spec tra of do thi s tromin in t he fo l l owing way. 

Since the fluore s c ence exci tat i on and the ab s orption s pe c tra of 

fluoresc ent oa terials c orre spond , the exc i tation wave l ength was set 

o n  the naj o r  absorption peJk (492nc)  and a n  eni ssi on s c an was taken. 

Using the Daxinuo eni ssion vmvel ongth found in this way , an 

exci tntion s c <m 1v:1s taken and e e.ch of the cx ci tati on peaks f ound 

was exanined to det ermine the se t tings giving oaxinun s ens i tivity 

for do thi s t ronin fluo re sc enc e . The exci t a ti on and eoi s s i on spectr:1 

for dothi s tronin and for 1 , 4 dih}dro:xyan th:rn quinono at t hese s e t tings 

are shown in Fig . S . 
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FIGU R E  8 : FLUOR ESC ENCE EXC ITATION AND EM ISSION SPECTRA 

EXC I TATI ON SPECTRA 
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2 .  6 RADIOCHEI'H CAL t�ETHODS 

2 . 6 1  Scintillati on Counting Procedure 

48.  

All radi oac tive sanpl e s  1vere counted in To lu ene : Tri ton 

s c intillation flui d . A 1 cm3 
aliquot of each sal:'lplc was transferred 

t o  counting vi als and 5cl:'l3 scintillation fluid added . The radio-

nctivi�J in ench vial was counted using a Packard Tri-Carb Liquid 

Scint:il.la tion Spectrol:'leter (Hodel 2002 or r�odel !3375 ) .  Each s anple 

was counted over 1 0nin. and the r8sults expressed a s  cpm. Background 

counts wore derived fron tho equiv�lent saoplcs containing no added 

isoto pe .  

The toluene : tri ton-X- 1 00 ( 2 : 1 ,  v/v) scintillati on fluid 

contained PPO ( 3g/l ) and FO�OF ( 1 OOmg/1 ) . To prep�re 1 l itre of 

scintillation flui d ,  dissolve PPO �nd POPOP i n  the proporti ons given 

in 660co3 toluene ( rodi stilled) and add 330cn3 tri ton-X-1 00.  

2 . 62 Count Correc ti ons 

All counts were correc ted for background counts and then 

expressed as cpn for the t o tal saople . S inc e the data vrore being 

usod to compare the incorporati on of lab el under different t reatnent 

c ondi t ions it was no t necessary to deternine the absolute anount of label 

present in each sanplo . Tho assumption was oade tha t  for the s ane 

type of fr� c t i on the degree of quenching was the s ame and that the 

o ther errors present in the counting sys teu w ere constan t .  However 
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where comparisons were nade with label incorporation into different 

fracti ons i t  was necessary to apply quench corrections . ( Different 

fre.ctions 1-1ero counted in different solvents s o  the degre e of 

quenching behwen fractions varied. ) These correc ti ons \vere nade 

by reference to quench correction curves plot ted fron data obtained 

14 
fron r:. series of quenched s t:.:mdards . C - n - hoxadecane and 

3H - n - hexadecnne were used in the quenched standards . 

2 . 63 Labelling Procedures for Chlorella 

5cn3 ldiquots of Chlorella liquid culture 'tlero taken fron the 

parent synchronous cul ture at the indi cated tines �d incubated 

wi th labelled isotopes and toxin in 50cn3 Erl enneyer flasks . 

Thos o snall flasks wore suspended over a bank of fluorescent tubos 

(A tlns ' Super-Gro ') and aerc. ted VIi th 5/b co2 in air over the labelling 

period. The .:1pparatus was set up in a fune cupboard. At tined 

intervals the uptake of l.'lbel into the cells was arres ted by 

nddi tion of 20cn3 boiling ethanol . The cells \•rere collected by 

centrifugation ( 5nin x top speed, Gallenkanp ' Junior ' benchtop 

centrifuge) and re-extracted with 25cn3 boiling so% e thanol . The 

cellular naterial was then resus pended and a 1 cn3 ali quot counted 

or the sample was separated into RNA , DNA and protein containing 

fractions using the Schnidt-Thannhauser extraction procedure. 
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2 . 64 Labelling procedure for S . cerevisiae and B.megnte riuo 

The labelling procedure used for the prolioinary >vork vrith 

theac orgo.nisos 1ms adapted fron that used for the Chlorella s tudies . 

5cn3 of liquid culture of the organiso, taken fron cul ture in 

logo.rithoic phase of grovrth, wo.s shaken in a 30° 1wterbath in 50cn3 

Erlenneyer flasks wi th the addition of labelled isotopes o.nd toxin. 

The entire 5cm3 saraple vl-l.S extr�cted with 20co3 
bo i l ing e thano l ,  

centrifuged and re-ex tracted wi th 2 5cm3 boiling so% e thanol . 

Aliquots of the resusponded cell oaterial wore taken for counting or. the 

whole saople was suboi ttod to the Schoidt-Thannhauser extrac tion 

procedure to doteroine the label distribution throughout the 

c ellular frac ti ons . 

The techniques used for labe l ling nnd for wi thdrm'ling sanples 

at carefully tined interval s i'lero refined for the B. ot::gateriun KI"l 

studios . i. ·� i quotn of log-phase cultures ( 7 .  5co3 - 1 5cr�3 ) were 

incubated, with lab o l led i sotope ,  carrier coopound and toxin or 

antibiotic as s pecified, i n  50co3 Erlenneyor flasks in a shaking 

watcrbath at 30° . At tined interval s a 1 cn3 aliquo t was rapidly 

wi thdrawn using an Eppendorf pipe tte . Each nliquot vms quickly 

added to 4cm3 hot e thanol to s top label inc orpo ra ti on . ( Tubes 

c ontaining the nensured voluoes of e thano l  were kept s tanding in a 

hot watorbath, topped 'lii th glass nc.rbles to prevent s o lvent evaporati on . )  

Aft e r  c entrifuging each sanple was resus pended in 5co3 hot so% ethanol . 



5 1 . 
Those sus pensi ons were c entrifuged to collect the cell nat e rial 

whi ch wa s then r esus pe nded and fracti ona t ed us ing the Schmi dt-Thannhauser 

pro cedure . Aliquots froo each fra c t i on were taken for c ounting . This 

nodifi cation o f  the labelling pro c edure perni t t ed ac curate sagpling 

at very short tine int erval s .  

2 . 6 5 Inves tigati on o f  th e d i s t ribution of i s o topi c l ab e l  anong 

cell frac ti ons 

For each organiso s tudied the dis tribution of label throughout 

the c ellular frn.cti ons (ns d Grivod by the S chmi dt- Thnnnhaus o r  

pro cedure ) was de t croin ed . The s e  labe l dis tributions aro given i n  

Tables 1 0 , 1 1  and 1 2 1 and i nd ioate tha t the counts incorporated into 

tho cell material after ho t e thanol extra c t i on are no t a reliable 

Be:J.sure of specific b i o synthotic a c tiv i ty ,  i . e .  pro tein o r  RNA 

synthesi s .  Non- s pecific labelling o c curs parti cularly when 

label ling wi th 3H - thyoi dino or 
14 C - phenyhlanitie. Fo r this 

reas on da ta given for the B. oegll toriuo KM exp erime nts repre sent 

the label inc o rporati on into the rel evant S choid t- Thannhauser 

fra c tion ( i . e .  3H - uridine label i nc o rporati on into t he RNA -

containing frac t i on e t c . ) . 

The c omponents i n  whi ch the label was present in each of the 

fracti ons was fur ther inves ti gated by analytical t echniques .  The 

RNA hydrolyza t e  was sub j ec ted t o  e lec tro pho resis t o  s eparat e  the 

component nucl e o t i de s  whi ch were i d0ntifi ed by c onpari son of Rf .  

values wi th those o f  s tandard nucl e o tide s o luti ons . The DNA 
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hydrolyza to was chron:"'. togra phed using s tandard purine and pyrimidine 

bases for con��rison, and the protein frqction was hydrolyzed and 

resolved into i ts conponent o.nino acids by high-vol tnge electrophores is . 

Thu procedure used to obtain labelled matorinl for analysis was 

identical to thnt used for inhibition studies . The entire 7 . 5cn3 of 

each assay was taken after a 20run labelling period at 30° . ( 3H uridino 

50 �� Ci/ as8ay ; 3H thymidine 50 _;..:. Ci/ as nay ; 1 4 C - pheala 0. 5 ,1 1 Ci/ assay) 

after h10 extrac tions Wi th ho t 80% ethanol ench aSS[!.y WD.S fractionnted 

by the Schnidt-Thnnnho.user procedure . (0 . 33M Lithiun hydroxide was 

used for the overnight alkaline hydrolysis ins tead of !I N  sodiun 

hydroxide because it was found to be v0ry difficul t to renove sodiun 

or po tnss iun perchlorates fron the hydrolyzates . ) All fracti ons 

vrere neutrali zed with 0. 33N Li thiun hydroxide or 1 M  porchloric acid 

as required ,  and freeze-driod. The dry R::�A and DNA hydrolyzates 

were extracted twi ce with ether : isopropanol (2 : 1 v/v) to reoove 

the li thiuo porchlorate , and the rosidues resus pended in 1 cn
3 glass 

dis tilled water. 

2 . 65 1  Elec trophoresis of RNA hydrolyzate 

The RNA hydrolyzate was applied to s trips of vfuatnan No . 1  ��per 

( 2 5  X 2cn) and resolved into i ts c onponent nucloo tidcs by electro­

phoresis ( 1 50 volts X 4hr) in 0 . 1 M aoooniun foroate buffer, pH 3 . 5 . 

Nucleotide s tandards (0 . 0 1 M) and a mixture of nucleo tides were run at 

the sa:co tine . After drying, the s trips were exanined under UV light 
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and the nucleotide bnnds identifi ed. The di s tribution of label was 

de teroined using n Pncknrd Rndiochronn togran Scanner (Mo del 7200 ) 

fi tted wi th n Packnrd recording rQtene ter. 

Rosul ts are pres ented gr�iphi cally in Fig . 9 .  The o.ovenent of 

uridine nonophosphnte appears to be re tarded in a nix ture of 

nucl eotides . Hm'l'ever ,  one peak of ac tivi ty detec ted by the 

s tripscannc r c orresponds wi th the position of uridine nono phos pha tc. 

The other peak coincides wi th the posi tion where adenosine nnd cytidine 

nono phosphnte travel . I t  i s  possible that this peak i s  due to  the 

presence of label led cytidine n ucleotides . 

2 . 652 Chronn tography o f  DNA hydrolyzate 

The DN.Li. hydrolyzntc was separ;� ted into i ts conponont bns e s  by 

ascending chrone.toc.;raphy in isopro panol : cone . HCl : water ( 65 : 1 6 . 6 : 1 8 . 4 , 

v/v/v) . .Li.liquots o f  the hydrolyxat e  i'l'ere carefully s po t ted onto 

vfuntoan No . 1 paper ( 20 X 20cn) . S tandard soluti ons of pyrimi dines 

nnd purines ( O. OH�) and n nixture of the bases vmre applied to the 

sane chronntogran for reference . Af ter approx . 6hr the chronnto-

gran was driod and oxnnined under UV light to locate and ident i fy 

the conponents . The distribution o f  label W'.S d etermined using a 

rndio-chronatogrnn scnnner and these results are given in Fig. 1 0 . 

The only peruc of ac tivi ty detected by the s trip scanner lies in the 

position where thynine chronatographs . No activi ty was detected in 

the positions occupied by the o ther bases.  



F I G U R E  9 :  ELECTROPH O R ESIS O F  RNA HYDROLYSATE 

0.1 M ammonium formate buffer, pH 3.5 
1 50 volts x 4 hr. 

Spots visualized under UV light. 
Radioactivity located using a radiochromatogram scanner. 
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FIGURE 1 0 :  CH ROMATOGRAPHY OF DNA HYDROLYSATE 

Spots visualized under UV l ight. 

Radioactivity located using a radiochromatogram scanner. 
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ADENINE THYMI N E  CYT I DINE 

isopropyl alcohol : water : cone. HC1 
( 65 : 1 8.4 : 16.6 ) ( V : V : V ) 

Calculated Rf values. 
Thymine 0.87 
Cytidine 0.54 
Adenine 
Guanine 
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0.30 

Known Rf values. 
0.80 

0.45 

0.33 

0.22 

GUANINE DNA 
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2 . 6 5 3  High Vol t11ge Elec trophoresis of protein hydrolyzato 

The freoze-dri c;d pro tein snnplo was subjected to 6 N I1Cl 

hyd rolysis at 1 1 0° for 1 2hr in vacuo . The conponcnts of the 
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hydrolyza t-o were resolved by high-vol tr'.ge el ec trophoresis nt  3 kilo 

vol t  X 1 hr in ac0ti c :  foroic buffer9 pH 2 . 1 . glncicl ace tic ncid 

( 800) : f ormi c o cid ( 1 00 ) : distilled ·water ( 5900) The auino acid 

narkcrs wore: a pplied in 1 0;; isopropnnol , ( final concentration of ench 

:Jnino acid, 5pr:olo/ cD3 ) . After electro phoresis the pnp'-'rs v!Gro dried 

n.nd sprayed wi th ninhydrin . The result ing anino acid dis tribution 

i s  presented in Fig. 1 1 , showing tho narker posi tions f or referenc e . 

The dis tribution of label was det croincd by use of a r:::tdi ochromn to grnB 

S CC!.IlllCr . The rosul tnnt s can s hows a single pe11k o f  ac tivi ty in the 

nre-2. in 1·rhi ch phenylalanine runs . However , sinc o tho noino acids 

obtained by hyclrolysi s of pro tein are no t coDpletoly resolved by 

sinelo diDens i onal elec tro pho res is i t  is no t possible to  8 tate 

defini tely thnt all thu ac ti vi ty is in phenylalanine. 



F I G U R E  1 1 :  ELECTROPHOR ESIS O F  PROTEI N HYDROLYSATE 

acetic : formic buffer, pH 2.1  

3 Kv x 1 hr  

Spots located by spraying with ninhydrin .  

Radioactivity located using a rad iochromatogram scanner. 
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2 .  7 r;n cROBIOLOGI CAL :t'iEDIA 

Aguoous 1 O% l1al t JYlodiur:. ( - D. pini ) 

rJial t (Wander brand dried nnlt ,  Type 500 LDE) 1 O% ( w/v) 

Yeas t ( DYC ' Ac tive ' Yonst )  5g/l 

Cholest0rol  20og/l 

wore dissolved in hot distilled. vm.ter, stirre:d by a o��gnotic stirrer . 

After 1 0  oin . s tirring the nediULl iWS dispensed into Erlenncyer 

flasks , G toppercd with cotton v10ol bungs and autoclnved ( 1 5  nin. ,  

1 2 1  ° , 1 5 psi ) • 

1 0%  Mo.lt Agar (- for the nainteno.ncc of D .pini) 

To pre:pare plates nnd/ or slants 1 • 5�& ( w/v ) agar was aclcloc� to the 

o.quoous 1 o�fo nalt ned iUTJ . Aftur s ti rring on a m�gnotic hot plate 

to dissolve the ag,lr,  the ml::diuo was poured into 20cn3 HcCartney 

bottles ( approx. 1 0co3/bo ttl c ) and autoclaved ( 1 5oin. , 1 2 1 ° , 1 5  psi ) . 

ThG McC::.rtney bot tles vrerc=: t il ted i>Thilo tho agar w.J.s still ool ten nnd 

loft in this posi tion ns tho ngt::.r caol.ed and solidified to forn 

slants . For the pr<::p<.�r.J.tion of plates the nediun wns autoclnvod 

in a cotton wool s toppered Erlunneyer flask, allowed to cool to 

40° and then poured ascoptically into s terile potri plntes . 

Aqueous Chlo rella l1edium 

KN03 

M 3 J  • 7H 0 g 4 2 
Ferric EDTA s olution 

Hoaglnnds soluti on 

1 . 20g 

2 . 46g 
3 1 . Oco 

1 . Ocm3 

were dissolved and added to glass distilled wat er to give a final 
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volune of 990cn3 • KH2Po
4 

( 1 . 22g) was dissolved in 10cn3 glass 

distilled water. Both solutions 1-rere autoclaved and then conbined 

to give a final volune of 1000co3• The nediuq was disp�sed into 

storile growth flasks. 

NB . This nodium contnins no C source. Cul turefl were aerated wi th 

5% co2 in air during growth. 

To prepare Ferric EDTA solution 

EDTA 26 . 1  g 

Fe so4 
• 7H2o 24 . 9g 

were dissolved in 286cn
2 

1 M  KOH . This solution vms then diluted 

with glass distilled water to give a final volune of 1 000co3 , and 

a8rated overnight to foro the ferric EDTA complex. The pH was 

adjusted to 5 . 5 .  This solution is stable if stored in the dark. 

To prepare Hoaglands solution 

H
3
Bo

3 
2.86g 

MnC12 
• 4H20 1 . 81 g 

Zn so4 • 7H2o 0 . 22g 

CuSO 
4 

• 5'H2 0 0. 079g 

(NH4 ) 6Mo7
02 4 • 4H 0 2 0.02g 

1vcre dissolved sepc-'lrntely in glass distilled water. The solutions 

woro co1 .bined and diluted to give a final volUBe of 1 000cn3• 

Chlorella agar (for nain tenance and bioassay) 

Chlorella agar (Difco) 

Agar (Davis ) 

35g 

5g 

were dissolved in 1 000cn3 glass distilled water on a oagnotic hot 
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pla t o .  The nediun was then dispens ed i n t o  McCartnoy b o t tloa and 

nutoc lavod to no.ke slunts , or autocl o.vocl in nn Erlonneyor flask and 

pourod into s t erile pe tri plntas . 

IIYPG Hediun ( - f o r  liquid cul ture of Saccharomyces c erevisi,a�) 

:rvlnlt ( Uander brand dried nal t) 0. 3g 

Yeas t extract ( Difco ) 0 . 3g 

Pept one ( Difc o ,  Bac to-peptone ) 0. 5g 

were dissolved i n  95cn3 
glass dis tilled 1mter and n.utoclaved i n  

a co t ton wool s t o ppered Erl ennoyor flnsk. ll.ftor nut oclo.ving 5cn3 

of steri le 20% glucose soluti on vms added to give a final volune of 

1 00cn3 • 

j\IIYPG Agar ( - for uo.intonan c e  and bio.:1s say of 
Sac chnranyc e s c erovi siac ) 

To prepare plates and/or sl:1.nts 2;S ( w/v) agnr was added t o  the 

o.queous f.ITPG nediun propnrod as �bove . 

Agu8ous c:ediun for B . nego.teriun IU1 

This organi sn was grown in o. ninin.:1l ncdiun sup]Jlenentod 1-1i th 

tryptone (0 . 1 g/1 00cn3) and nico tinic acid (0 .05og/1 00cn
3) .  

Mininal �1 odiun 

KH2Po4 3g 

K2HP04 7g 

Na3c6n5o7 • 2H20 0 . 5g 

MgS04 
• 7H20 0 . 1 g  

(NH4) 2so4 1 . o6 

glucose , sterile 20% s olution 1 0cn
3 

3 
Dis tilled water to give final volune of 1 000cn 

Glucose is autoclaved separately s ince i t  partially deconpo ses when 

auto clavod in the presence of pho s phate . 
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Yeast Extract �tone Agnr (- for nnintenance and bionssay 
of B . nega toriun Kl'·l and 
B. negateriuo ��r-) 

Yeas t Extrac t (Difco )  2 . 5g 

Tryptone (Difc o ,  Bo.cto-tryptono) 5 . 0g 

Agar 1
2 . 0g 

1-Tere dissol vc,d in 1 000cr} hot glass distilled water on a ncgnetic 

hot plate . The nediun '\vets then dispensed and. autoclc..ved for the 

prc�nrnti on of slants or plates . 

Agueous nediun for B . uegateriuo Kl'1�-

contnined per litre : 

Glucose 

Ferric ci trcte 

K2HPO!]. 

KH2Po4 

NgS04 (nnhydrous ) 

No.2so4 

So diuo-1-gluto.nnto 

1 0g 

2 . 0g 

3 . 0g 

1 . 0g 

0 . 05g 

? . Og 

1 40 . 3g 

The nodiun wns prepo.red fron s tock solutions in the following 

nanner :  (for 1 00cn3 nediuo) 

6 . 0% K2HP04 
2 .0% K2HP04 

0 . 1 �  MgS04 ( anhydrous ) 
2 . 0% Na2so4 

0 . 75n Na-1-glutanatc 

Glass distilled vm. ter 

3 5cn 

5cn3 

75cn3 

;. fter nutoclaving, the nediuo was conpleted by the aseptic additi on of 

5cn3 sterile 20� glucose s olution o.nd 5cn3 steri le 6 x 1 0-)
M ferric 

ci trate . 
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Nutrient Bro th 

'rhis nediun wns propnrod fron tho d ehydrated powder availo.ble 

fron BBL , Divi s i on of Bi oquos t . 

Nutrient Agar 

This was prepared by �dding ag�r ( 1 . 5% w/v ) to nut rient broth .  

Iviedia f o r  Euglena gracilis 

Liquid nediun 

Peptone 5 . 0g 

Yeas t Extrac t 2 . 0g 

G luc ose 1 . 0g 

'7. 
v1ore dis s o lved in 1 000cn.

.) 
glass dis tilled wntt:r, autoc lnvod nnd the 

nodiun dis pensed into s terile grovrth flasks . 

Agar for plates and slants 

Peptone 2 . 0g 

G luco s e  2 . 5g 

Sodiun acetate 0 . 1 g  

Agar 8 . 0g 

were diss olved in hot dis tilled wat e r ,  autoclaved and di s pens ed t o  

forn plateG o r  slants e s  required . 
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3 .  EXPEHIMENTAL RESULTS 

3 . 1 GRO\"iTH INHIBI TION OF HI C RO-ORGANISI\ffi BY DOTHISTROMIU 

In s tudying the toxic effects of a c onpound it nny help to know 

s one thing of relative sus ce ptibilities of different o rganisns to the 

c on pound . The substance ::J.ay b o  t oxic to pho to synthetic organisns 

and wi thout effect in non-pho tosynthe ti c orgnni sns , or procaryotic 

o rgc::.nisns nuy bo sus ceptible Hhil e  the grmvth of 0- ucaryotos i s  no t 

inhibi ted . This knowledge of sus ceptible o rg::mi sus can sug:;es t  

possible o.reas f o r  further s tudy. This s e c tion reports resul ts obtained 

in n prol ininc.ry invos tication of the inhibi t i on of grovrth of n nunbe r  

of different Di cro-orgnni sns b y  do this tronin using a n  ngar-plnte 

bi oassay. Observations no.de in the course of this inve s tiga tion 

sugges ted vmys of iL1proving the s onsi tivi ty of the general b i oassny 

ne thod for d o this tronin CJ1d s teps for obtaining quantitative data . 

Extrac t s  of D . pini cul ture h:.vc. b o on shown to bo toxi c to 

Chlorolla pyronoidosa in an antibio tic-di s c  bioassny ( Bassett and 

Brun t ,  1 9? 1 ) ,  and thi s nethod of bioassay was utili zed in the 

i s olation and ch�r��ion o f  dothis tronin ( Gallnghor, 1 971 ) . The 

toxin produced cl enr z ones o f  inhibi tion in the <�rea surrounding the 

filter paper disc . The Chlo relln bionssay has been use d  nainly to 

follow the biological activi ty throughout purificati on procedure s ,  

and hns not been fully inves tignted a s  a wny t o  de ternine the 

concentrati on of toxin in nny given extrac t .  Although chenical 
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assay of a compound is generally more precise than estima.tion by 

bioassay methods , bioassays have been important in the isolation 

and purificat ion of many toxic substances . The use of biological 

indicat o�� offers the distinc t advantage that the active principle 

being assayed does not have to have been identified or in a pure 

stat e ,  and the results  obtained are directly related to the biological 

activity of the subst :mce .  Bioassays are clearly important for the 

detection of activity in extracts  where active and inactive isomers 

are present , or \'There closely related compounds cannot be readily 

separated . 

�ne bioassay systems developed for screening mycotoxins are 

numerous and include tests Hith micro-o rgani sms ( Burmeister and 

He sse ltino , 1 966 ; Lillehoj and Ciegler,  1 968 ; Clements ,  1 968) , 

brine shrimp Jarvae , Artemin salina (Brown et  al . , 1 968 ; Har •. : L� 

and �kott ,  1 97 1 ) ,  �ebrafish larvae ( , '·,bedi and Scott ,  1 969 ) ,  rainbo1o1 

�rout (Ayres e t  al. , 1 97 1 ) ,  cell culture lines (Snt;elbrecht and 

Altenkirk, 1 972 ; Juhasz and Greczi , 1 964 ; :Oaniels .  1 96 5 ) ,  day-o ld 

ducklings (Lillehoj and Ciegler, 1 968 ) ,  chi ck embryos (Ver �t et al . , 

1 964 ) ,  rats (Purchase and Van der t'latt  1 ')68 ) ,  and mice (Lillehoj 

and Ciegler, 1 968 ) . The choice of organism for a bioassny depends 

on the biological effect of the c ompound ( s ) to be screened . 

In 1 965 , �varren and \•!instead reported a preliminary investigation 

of Chlorella pyrenoido sa as a mi crobiological plate bioassay for 

screening fungal and bacterial pathogens . A method based on this 
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report was subsequently used to fo l l ow the product ion and b i o l ogi cal 

ac tivi t y  of fomnno sin,  a toxic metab o l i t e  of Fomes annosus ( Bassett 

e t  al . , 1 967 ) and a s imi lar Chlorel la-seeded agar plat e technique 

has shown that Chl o re l la pyrenoidosa i s  s en s i t ive t o  a number of 

coumarin-related c o mpounds,  inc luding aflatoxin ( Ikmnl et al . ,  1 969 ) .  

Sul livan and Ikawa ( 1 972 ) demons trat ed that there can be st riking 

s t rain variat ions in the re sponse of Chlorel la sp. to t ox i c  compounds .  

Cul ture s of Chlorella hqve b een used in the s tudy o f  algi c i de s  and 

herb i c i d e s  ( Addi s on and Bards ley , 1 968 ; Gramlich and Fran s ,  1 964 ) ,  

and fo r  screening pho t o synthe tic and respi rato ry inhibitors (Kratky 

and Warren, 1 97 1  ) . Thus t he u s e  of Chl o re l la as a bi o l o gi c a l  

indicator i n  b i oas say sys tems i s  wel l  es tabl i shed . 

3 . 1 1 S creening of mi c ro-organi sms for d o thistromin growth inhibition 

A number of mi cro-organi sms were s c re ened by means o f  agar plate 

bioas say s  t o  e s tabli sh the type of o rgani sm susceptible t o  growth 

inhibi t i on by dothis tromin :�nd to evaluat e  these o rg-ani sms for t h e i r  

potent ial use i n  thi s s tudy o f  the toxic effects o f  do th i s tromin. 

The range of organisms surveyed inc luded gram-positive -<>.nd gram­

nega t ive bac t e ri a  ( proc aryo tic organisms ) and eucary.otes 1.;ere 

represented by the yeas t ,  Saccharomyces cerevisiae and two photo­

synthe t i c  algae , Chlorella pyrenoidosa and Euglena gracilis . 

Details of the media used for the maintenance and growth of these 

micro-organisms are given in Section 2 . 7 . , while the proced1ITe used 

for pouring the seeded-agar plates for the bioassay s  is given in 

S ection 2 . 44 .  Antibiotic discs impregnated with dothistromin were 
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prepared by carefully applying a known amount of the t oxin to the 

filter paper discs in ethyl acetate solution and allo"tving the discs  

to dry thoroughly . Solvent control discs containing an equivalent 

mnount of ethyl acetate �·rere prepared in the same way . Each disc 

was then placed in the centre of a seeded agar plate and the plates 

incubated under conditions sui table for the grovrth of the organism. 

"\fter OV8rnight incubation of bacteria and yeast inoculated plates ,  

sufficient growth had occurred t o  form clearly defined zones of 

inhibition. The slower grovling algae were incubated for four days 

before the zones of inhibition \<Tere measured . Heasurements of the 

total diameter of  the inhibition zones were taken directly from the 

plates and the figures quoted are the average of hvo measurements 

taken at right angles to compensate for small irreeularities in the 

geometry of the zones . The inhibition zone radius figure is the 

total zone diameter minus the diameter of the antibiotic disc ( 1 3mm) , 

divided by 2 i . e . it is the Nidth of thG area peripheral to the 

antibiotic disc ( see explanatory diagram on Table 3 ) .  

The results obtained are given in ·:rable 3 .  The largest 

inhibition zones were observed �·ri th Chlorella pyrenoidosa . Growth 

of Euglena graci lis , Escherichi a coli and Pseudomonas aeruginosa did 

not appear to be inhibited. It is of interest to note that the gram-

negative organisms tested in the bioassay (apart from Proteus vulgar�s) 

appear less sensitive to dothistromin than the gram-positive organisms . 

This may reflec t  the differing cell wal l  structure and possible 



Table 3 Growth Inhi�itory activity of Dothistromin on a 
selection of micro-organisms . 
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>X1 >X1 >X1 UJ p.. (.\.< n U1 

Dothistromin 50 J-Lg 
Total zone diam. 1 7  1 7 ( 3 2 ) 1 6  1 4  1 6 . 5  0 0 1 6  

(mm ) 1 7  1 7 ( 36 )  1 6  1 4  1 6 . 5  0 0 1 6  

Zone radius 2 2 ( 9 . 5 ) 1 • 5 o. 5 1 . .8 0 0 1 . 5 
(mm) 2 2 ( 1 1 . 5 )  1 • 5 o.  5 1 . 8 0 0 1 • 5 

Dothistromin 25 p. g 
Total zone diam . 1 7  1 6 ( 26 )  1 5 1 3  1 6 . 5  0 0 1 6  

(mm) 1 7  1 6 ( 26 ) 1 5  1 3  1 6  0 0 1 6  

Zone radius (mm ) 2 1 . 0 ( 7 . 5 ) 1.0 0 1 . 8 0 0 1 . 5 
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No inhibition observed with ethyl acetate controls . 
Bacterial plates incubated overnight . 
E.gracilis illuminated 4 days at 2 5° . 

C .pyrenoidosa and 

Gro11th observed up to edge of disc but ' halo ' of less dense 
growth surrounded disc . r1easurements given are those of ' halo ' .  
Figures in 
around the 
Inhibition 

parentheses are dimensions of the halo formed 
clear inner zone . 
observed directly under discs , but no zone formed. 

Zone radius 
Zone diameter 
Antibiotic disc 

Diagram of bioassay plate showing inhibition zone . 
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differences in cell wall permeability. A similar difference in 

sensitivity has been observed with aflatoxin (Burmeister and 

Hesseltine , 1 966 ) ,  and with quinones ( �!ebb, 1 966 ) . 

3 . 1 2  Alternative Bioassay 11ethod 

The use of fj 1 ter paper di scs for the application of t oxic 

compounds for bi oassay has several disadvantages ·Hhi ch made it 

difficult to develop a o •wnti tntive bioassay. The paper discs 

appeared to absorb dothistromin and thus present the quantitative 

problem of determining how ID'.lch of the toxin applied was in fact 

available to inhibit growth. The large area of the disc 

effectively dilutes the toxin and also complicates the geometry 

of diffusion. For these reasons the use of antibio tic discs 

limit s the sensitivi ty of the b ioassay . Amounts of toxin below 

a limiting value may produce an area of inhibi tion directly under 

the disc 1vi thout an annul<:>.r zone being formed around the disc . 

Slightly greater amounts of toxin may produce a peripheral 

inhibition zone but of so small a radius that precise measurement is  

prevented . 

In an attempt to di spense with the use of ' antibiotic '  di scs , 

solutions of do thistromin were applied direc tly to the basal agar 

layer and the s olvent allowed to evaporate completely before the 

seeded agar overlays were poured. The method was not completely 

succe ssful since droplets of ethyl acetate tended to move rapidly 

over the agar surface subsequently giving very irregular inhibiti on 

zones . This difficulty could not be overcome by using the more 

7olatile solvent , chloroform. 
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I rr egulari ty of inhibit i on z one s mn de it impo ss i b l e  t o  a s s e s s  

inhi b i t i o n  on a quantitative ba s i s  .mJ re sults have b e e n  re c o rded 

only o n  the basis of whe ther inhibit ion o c curred o r  no t ,  ( see 

Table 4 ) .  By dire c t  app licat i on of the t o xin , inhibi t i on zones 

could be obtaine d with as l i t t l e  as 5 �g do thi s tromin . Using the 

ant ibi o t i c  d i sc method this amount of toxin 1·rould no t have given an 

inhib i t i on zone around the di sc alt hough grO'\·rth direc t ly unde r  t he 

d i s c  may have been affec t ed . Us ing this metho d of bi oassay the 

large s t  inhibition z ones -vre:;:-e again obtained with Chl orella. The 

gro-vrth of greJ:m-nego.t ive o rgani sms -vms found to be in...'�-li bi t e d  l e ss 

than that of gram-po sit ive o rgani sms . 

I t  should be no ted that such bioassays do no t ,  i n  fac t ,  a l l ow· 

valid c ompari s ons to be made of t oxi city t:Ti th diffe ring organisms 

be cause of the i r  different gro1·rth rat e s . Inhibition z one s in the 

Chl o re l la bioassay 1;;rere measured 4 days after pouring th e overlays 

but i n  the bac t e ri a l  assays , vri th the v ery much fas t e r  gro1vth of 

the se micro-organism s ,  the zones of inhibit i on Here measured after 

only an overnight incubati on . The s i z e  of the inhibi t i on zone 

depends o n  the d i st <:mce of dif fusion of the toxin as ;.re l l  as on 

the sus c e pt ib i lity of the organ i sm . Thu s ,  in order t o  make 

comparisons ,  a l l owance would have to  be ma de fo r (a ) differenc e s  

i n  gro-vrth rat e s ,  ( b ) rat e s  o f  d i ffusion of  the t oxic c o mpound in 

the part i cular medium and ( c ) the t emperature used for optimal 

gro;.rth of each micro-organism. 



Table 4. Bioassay by direct application of 
toxin preparation. 

ORG.PJIJISM 

Bacillus megaterium KM 

Bacillus mycoides * 

Bacillus subtilis 

Staphylococcus aureus 

RESPONSE 

Inhibition at all level�1 . 

Slight inhibition 1-rith 20 JJ-g. 

Inhibition at all levels . 

Inhibition at all levels.  

70. 

Escherichia coli Very slight inhibition at all levels . 

Pseudomonas aeruginosa 

Proteus vulgaris 

Saccharomyces cerevesiae * 

Chlorella pyrenoidosa 

No inhibition observed . 

Slight  inhibition at 20 ;..Lg. 

No inhibition apparent . 

Lar�e diffuse inhibition areas at all 
levels . 

Toxin preparation (dothistromiW applied to basal layer at 
5 ,  1 0  and 20 � g  before pouring seeded overlays . 30 f�l �thyl acetate 
controls shoNed no inhibiti on with any organism. 

* Very poor growth on test plates resulted in non- confluent 
growth and inhibition difficult to ascertain. 
Conditions of incubation as for disc bioassay. 



3 . 1 3  Detec t ion of Dot h i st romin in Zones o f  Inhi bi t i on 

71 . 

In s e t t i ng up the type of b i oa ssay d e s c ribed above i t  i s  

assumed that the toxic c ompound can dif fu se int o  the agar from 

the ant ibi o t ic di sc . The lo�·7 s ::l lubili ty of d o thi s t romin in 

aqueous s o luti ons rai s e s  seve ral CJ.Ue s t ions in relation to t he u s e  

of b i onssays of this nature . One of t he s e  pro � l ems i s  qua l it�t ive 

i . e .  is dothi s t ro�in i t s e lf resp onsible for the observed inhibi t i on 

or are the inhi b i t o ry re spons e s  due to a mo re so lubl e  analo��e? 

Quan t itative problems inc lw'l.o d e t e rmining horJ much of the t oxin 

is i r revers ibly bound t o  the d i sc s ,  the ra te of diffu sion o f  the 

t oxi c material into the ag'J.r and t he nature of the d i ffusi on 

gradi ent . The se que stions c ould mo s t  conveniently be s tudi ed by 

the use of toxin l ab e l l ed t o  a high specific o.c t iv i ty 1-1ith a radi o -

i s o t ope . Preparat j_on of l::lb el l e d  t oxin r-..t a high spe cific nc ti vi ty 

sui table for thi s type of experiment has no t yet b e en achieved 

( Shm-1, 1 97 4 )  • As an al t ernF. t ive approach some inf o rma t i o n  re l a t e d  

t o the se problems h�'s b e e n  o b b.ined by us ing the f luorescence o f  t h e  

dothi s t romin mo lecule . The 1 ,  4 d ihydroxyanthraquinone mo i e ty of 

dothistromin is l a rgely re sponsible for the charac teris tic 

fluores c enc e emi s s ion, and Galh.gher ( 1 971 ) has dis cus sed this 

fluore s c ence in re lation t o  anthraquinone which does no t fluore s c e . 

The determinati on of the exc i t a t i on and emi ssion spe d ra of 

dothi s t romin i s  d e scribed in S e c t ion 2 . 52 .  
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To examine the p o s sibil ity of using fluoresc enc e  measurements 

in this study , a series of stG.nuc.rd 1 do thistromin ag2.rs 1 was prepared . 

Nolten Chlore lla agar ( 5cm
3 ) was added t o  o. number o f  fluorineter 

tubes, e .-:.ch of which contained a diffe rent amount of dothi n t :comin in 

ethyl acetate s oluti on , and the tube s ..,ere shaken -to dispe: �se the 

tox:in throughout the agar . Contro l tub e s  c o ntai�ing ethyl acetate 

and e..gar , as vrel l  as bl3.nk agars , r;rere prepa red at the same time . 

The agar ,.r as .J.llo\ved t o  c o o l  :md solidify before the tubGs were 

exo.mined for fluorescenc e .  

il. t  the excitation and emission "ravelengths chosen the 

1 dot histromin o.�trs 1 di sp layed i?. fluorescenc e not pre s ent in the 

bl<UL� o r  solvent-c ontrol agar tubes . 'I'he f luorescence increase d  

in  proportion to th e inc reased amounts o f  do thi stromin in  the 

tubes ( see Fig. 1 2 ) . The faint oro.nge tinge of the 1 do thi stromin 

agars 1 di sappeared s lowly -vrhen the tube s vrere left s tand ing : :0r 

2-3 do.ys . The fluo re s c ence observed in these agars also decreased 

over this period of t ime . 

A serie s of unseeded Chlorella Hg:u pla tes was prepared and 

an antibio tic disc 1vhich hnd been impregna t ed vli th dothistromin 

( 1 00)J- g ) was placed in the c entre of each p late . These plates 

were incubat ed under bio nssny c ondit i ons for perio d s of 1 ,  2 and 4 

days illuminated by fluo rescent tubes , at 2 5° . A p�rn l l e l  ser�es 

of plates was incubated at 25° with al l light excluded for the 

same periods of time . The antibiotic discs were then removed and 

areas of the agar excised using cork borers . An area , of diameter 
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Tube contain ing 50 J..Lg dothistromin set to give fsd. = 1 00 . 
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1 4mm, wns removed from directly under each antibiotic disc,  �d an 

outer zone extending 6mm beyond this inner area ( total diameter 26rnm) 

was cut from e'3.ch plate .  These plugs of agar were placed in 

fluorimeter tubes ,  melted and mo.de up to a final volume of 5om3 

with molten Chlorel la agar. A standard series of ' do thistromin 

agars ' covP.ring the range 1 0-1 00 JJ.. g dothistromin per tube was 

prepared at the same time .  Al l tubes 1-rere allor,.Ted to cool and set 

before being examined for fluorescence against a blank agar tube . 

It  was not poss ible to accurately estimate the amounts of 

do thistromin ( or derivative ) present in the zones since all readings 

fell belo�., the range covered s.dequately by the standnrds. Approximate 

results have been tabulated ( see Table 5)  and these are pre sented as 

relative data obtained with the 1 0 � ' . g stnndard set to give a full 

scale deflection of 1 00 units .  

These results show that dothistromin ( or a derivative)  does 

diffuse out into the area of agar around the nntibiotic dis� with 

the zone from directly under the di sc c ontaining more dothistromin 

than the peripheral area excised. Zones taken from plates that 

had been incubated in darkness showed higher levels of f luorescence 

than those taken from illuminat ed plates ,  which appeared to contain 

less dothistromin in both the inner and outer zones after a 4-day 

incubation period than at 1 or 2 days. These resul ts  would suggest 

that the f luorescent molecule i s  unstable in the light and thi s  

possibillVc ould have important implications in using Chl6rella a s  a 



Table 5. Fluorimetric analyois of bioassay plates . 

LI GHT I NCUBATED PLL\'1'ES 

Time ex-posed 

4 days 

2 days 

1 day 

DARK INCUBATED PLA':'ES 

Time exposed 
4 days 

2 days 

1 day 

Meter settings : 
excitation vravelength : 470 nm 

emission wavelength : 
meter damping at 0 . 2 

5 60 nm 

READINGS (units ) 
Outer zone Inner zone 

l� 

3 
6 

9 . 5 

6 

9 . 5 

1 4  

3 1 . 5  

1 5 

1 7  

1 4  

1 1 . 5 

Blank - low 
Sensitivity - low 
Range - X 1 000 

1 6 

40 

1 6  

08 

1 7 . 5  

1 00+ 

30 

1 00+ 

44 

68 

3 1 . 5  

69 

75. 

Blank agar - 0 units Dothistromin agar ( 1 0 ,u.g ) - 1 00 units 

zone 

zone 

Diagram to show areas eAcised 
from agar plates . 

( InJ • There is a large variation in 
readings for each duplicate. ) 
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test organism. By comparison >vi th the 1 0 }J-g standard the 

concentration of toxin achieved in the outer zone must be low 

( of the order of 1 - 2 .fi g/ cm� . This vrork was undertaken n t a late 

stnge in the study v1hen the nece ssary ins trumentation became 

available in the de��rtment . 

3 . 1 4 Relative toxicity of other hydroxyanthraguinones 

lli th a number of hydroxyanthraquinones available ,  i t  vms 

possible to screen a series of these compounds for their t oxici ty 

to  Chlorella using the antibiotic disc bioassay techniq�e . This 

allovred some assessment of the possible contribution of this portion 

of the dothistromin molecule to the toxicity observed .  

Results  are given in  Table 6 .  None of the c ompounds exhi'bited 

a toxicity to Chlorella comparable to that shown by dothistromin. 

Even -vri th 1 ,  4 hydroxyanthraquinone inhibition was limited to the 

area directly under tha disc . Differences in solubilities and in 

diffusion may, in part , account for these results .  

I t  has not been possj_ble to investigate the toxicity o f  

bifuran ring structures t o  this  bioar.say system. These compounds 

are not available COI!II!lercio.lly and would have to be synthesized 

before the contribution of thi s portion of the molecule to overall 

dothistromin toxicity could be assessed . The vinyl ether d&riva-

tive of dothistromin was tested with the standard bioassay sys tem 

and no inhibition was observed.  



Table 6 .  Disc Bi oassay o f  Anthraquinone toxicity t o  Chlorella. 

77 

ANTHRAQUINONE DERTVATIVE Amount/Disc 
).l g 

Total Zone 
Diam. (mm) 

Zone Radius 

Dothistromin 

• 1 ,  2 hydroxyanthraquinone 

1 ,  4 hydroxyanthraquinone 

1 ,  8 hydroxyanthraquinone 

� 2 ,  6 hydroxyanthraquinone 

25  

50 

1 00  

200 

1 00 * 

200 * 

1 00  -:l-

200 * 

1 00 

200 

• 1 ,  2 ,  5 ,  8 hydroxyanthraquinone 1 00 

200 * 

Ethyl acetate control 

29  

3 1  

1 5  

1 6  

1 3  

1 3  

1 3  

1 3  

0 

0 

0 

1 3  

0 

(mm) 

8 

9 

1 r. • ->  

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sample not complete ly dissolved in solvent . Amount applied 
to disc for assay therefore s lightly less than amount stated. 

* No zone of inhibition, but no grmvth in area directly under 
disc . 



78 . 

3 . 1 5 Assessment of the Bioassay 

A bioassay has been defined as 1 a  determinntion of the potency 

of a physical, chemical or biologi cal agent by moans of a biologic al 

indicator ' ( Condouris ,  1 965 ) . .'.·.lthough it  was unnec essary for 

the purposes of this study to quantitate the bioassay, the results 

obtained indicate that it should be possible to  d evelop a systum 

in >vhich do thistromin could be estimated �ori th sor.1e degree of 

precis ion . 

Although dose-response curves have not been establi shed it 

is likely that , using antibiotic discs for the addition of the 

toxin, the curve would be linear only over a very restricted 

range of concentrations . The use of antibiotic di scs limits the 

sensitivity of the bi oassay by both absorbing some of the do thistromin 

applied and diluting the toxin through the area of the discs  themselves .  

The increased sensitivi ty achieved through direct applicati on 

of the toxin could extend the linec�ri ty of the dose-response curve.  

The problem of zone irregulc..ri ties observed could be circumvented 

by applying the toxin into smnll 1·:ells cut into the basal agar 

layer before pouring the seeded overlay. A usefu l extension of 

this bioassay technique has been made by Freke ( 1 974 )  uho poured 

seeded a�ar overlays onto silica gel thin-layer plates spotted vn th 

the t oxic compound . This i s  a sensitive method and could be 

usefully applied to wo�-'k with dothistromin. By careful application 
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to  a silica gel plate the toxin might be spotted onto an area very 

much less than that of an antibi otic disc . This technique 1vould 

allow a direct comparison to be made of the biological activity of 

compounds in extracts  fo llowing chromatography. 

The preliminary fluorimetric investigation indicates that i t  

should b e  possible to use this approach to  determine the concentration 

of dothistromin ( or derivative ) in thP- agar of the plates ,  and thus 

esta� )li sh the diffusion gradi ents formed. A study could then be 

made of the rate of diffusion of dothistromin into the agar . This 

would allow· correlation behvcen growth rate s  of micro-organisms and 

the size of  the observed zones of inhibition, giving a more meaningful 

basis for c omparing sensitivities to the toxin. 

Fluorimetric analysis has not provided information on the 

nature of the actual inhibi torJ compound . Substances may be 

present in the do thistromin preparation, perhaps as minor components ,  

which c ould possess similar solubili�J propertie s to those  o f  the 

toxin . Any alteration in the number of hydroxyl groups on the 

anthrnquinone nucleus would alter the fluorescence observed while  

changes in the saturation of  the bifuran ring moiety are unlikely 

to change the fluorescence characteri sties but may have profound 

effects on the toxicity. 

The i nstabi lity of dothistromin in the light revealed by the 

fluorimetric analysis has important implications in the use of 

Chlorella as  an organism for bioassay. Since Chlorella is  

photosynthetic ,  the organism must be  grown in  the light and it  
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appears that this may result in the breakdown of the toxin. This 

vlOuld affect the concentrations of dothistromin required for groi'rth 

inhibit ion. The breakdown products are not lrnown but the process 

presumably involves some alteration of the 1 ,  4 dihydroxyanthraquinone 

nuc leus since thi s would be largely responsible for the observed 

fluorescence . 

3 . 2 INHIBITI ON OF GRO".TTH OF CHLORELL!. IN LIQUID CULTURE 

Although the agar plate bioassay method dis cussed in the 

previous sec tion is v�luQble for determining whether or no t a 

compound inhibi ts grow·th, it  is not suitable for defining the 

metabolic lesions taking place . To study the biochemical effects 

of dothistromin it was necessary to use liquid cultures of Chlorella. 

The concentration of dothistromin required to inhibit grovrth 

of Chlorella in liquid culture 1•ras first investigated using batch 

culture techniques .  At any given time during the log phase , a 

batch culture 1vill contain cells at all stages of the cell cycle of 

grovl'th and division . Any changes observed in these cultures wil l ,  

in fact , b e  the ' average ' of those o�curring at each stage of growth 

and divi sion in the cell cycle of the organism. 

By using synchronous cultures ,  however ,  it is  possible to 

follow events occurring as for a single cell throughout the cell 

cyc le of the organism. A synchronous culture i s  one in which the 

principal mass of the ce lls is at one s ingle sta � of development 

at any given time of the cell cyc le . By establishing the normal 
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pattern of netabolic events during the c ell cycle i t  should be 

possible to detect any changes resulting fron the addition of an 

i11hibitor and perhaps find a lead for further experinentcti on. 

3 . 2 1  Problens ass ociated wi th low solubility of dothis tromin 

The low solubility of dothistronin in aqueous soluti ons has 

posed nany problens . Batch cultures of Chlorella were used to find 

a reproducible neans of introducing kno\Yn anounts of toxin into an 

aqueous syston. 

Ini tially dothis tronin was added to the culture in aqueous 

s tock 1 soluti ons ' derived by adding a lmown anount of the toxin, 

in ethyl ace tate solution, to i-rater and gassing with oxygen-free 

nitrogen to rcnovo the organic solvent . A large proporti on of the 

do this tror;Jin precipitated out leaving a pale orange aqueous soluti on. 

This precipitfite was collected by c entrifugation, dried o.nd taken 

up into a known volune of ethyl acetate . The concentration of 

toxin in this ethyl acetate solution was determined spectro­

photometrically and the aJ;Iount of dothis tronin renaining in aqueous 

solution was calculated by difference . The conc entrations of 

stock solutions prepared in this way varied fror;J 5 - 1 00 �g/cn3 • 

However, since the do thistronin precipi tated out of solution on 

standing, aqueous s tock soluti ons of known concentrati on could 

not be naintained. Although soluti ons of dothis tromin prepared 

in this way were shown to inhibit the growth of Chlorella in 
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liquid culture when added �t  the begilli!ing of the growth cycle 

( o.t concentrations of the order of 1 . 0 - 2 . 0  )J. r.;/cu3 ) ,  the degree 

of inhibition of Chlorella grmvth in different experiuents varied 

considerably. 

The addition of dothis troiJin to cul tures as a concentrated 

solution in e thyl acetate without subsequent resoval of the 

organic solvent proved to be the most satisfact ory v.my of intro­

ducing the toxin to aqueous cultures of Chlorella. '.ben add ed in 

this way, although i t  is possible that not all of the dothis tronin 

goes into solution, it appears to bo available to the c ells . 

This nothod allows the introduction of n precise anount of toxin 

and was found to give reproducible results . Ethyl acetate has an 

inhibi tory effect on the gror:rth of Chl orello. nt concentrations 

greater than 0 . 5%. However ,  sinc e the levels of dothistrooin 

required for inhibition proved to be very lov.T , sub-inhibi tory 

levels of e thyl acetate could be used and in all cases an 

appropriate ethyl ace tate c ontrol ho.s been used as a blank. 

3 . 22 EffGct of Dothistronin on Growth of Chlorella in Bc..tch cultures 

3 . 22 1  Effect o f  addition o f  toxin a t  the beginning of the growth cyc le 

In the first series of experinents to deternine the effect of 

dothis tronin on growth, the toxin was added innedi<�,tely o.fter 

inoculation of the culture mediW!l. The nnount of toxin added, 

in e thyl acetate solution, was varied to find suitnble concentrations 
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for subsequent work in liquid culture. At concentrati ons of nore 

than 0. 1 � g/cn3 in the nediun dothis tronin c�used n lengthening of 

tho lo.g period of growth (see  F'ig. 1 3) .  After the extended lo.g 

period , the dur.�tion of which 1;-TC::.S dependent on the conc entro. tion 

of dothis troiJin prGsent , the cul ture entered into lo g pho.so with 

,')_, grov1th rote sinilo.r to tho.t of the contro l .  

3 .  222 Effect of addition of toxin during the 1-":l£;-phnse of tho 

growth cycle 

The toxin w�1s effective in inhibiting the course of growth 

in cultures of Chlorello. vrhi ch ho.ve entered log-pho.se . This 

inhibition showed as e. lo.g in growth follouod by recovery o.nd 

resunption of growth. Soo F'ig. 1 4 . This Tigure c.ls o shows the 

inhibitory effect of ethyl acet:'..te nt conc entro.tions of greo.ter 

tl1an 0. 5%. At 0 . 6% ethyl nce to.te there WD.S o. slight lng in 

the growth of the culture . The cul ture containing the highes t 

concentration of do this tronin vms noni tored over o. 9-dny growth 

period and rosul ts shovlOd the recovery n:1d resunption of growth 

of the culture fo llowing L>.dninis tration of do thistronin. 

Inhibition of growth during lo.g-phrtse required higher 

concentrations of dothis tronin than those which produced o.n 

inhibitory effect when o.dded o.t the initiation of culture growth. 

This suggested o. direct relationship betv1een do this trof!lin concentration 

and cell nUI!lber. The ratio of the dothis tromin concentrati on to 

cell nUBber has been calculated for n series of growth curves and 
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FIGU R E  1 3 : GROWTH CURVES FOR CHL OREL LA SHOWI NG I N H I B I TORY E F FECT 
OF DOTH ISTROM I N  
Dothistromin added a s  an ethyl acetate solution at the beginning o f  the 
growth period. 

E 
c: 

0 tO tO 0 
0 

Control 

Dothistromin @ 0.5 J,Lg/cm3 

Dothistromin @ 1 .0 J,Lg/cm3 

Dothistromin @ 1 .5 J,Lg/cm3 

ou'--------------�-----------
6 

Timefdays 



FI G U R E  1 4 :  G ROWTH C U R VES F O R  CHL O REL L A  S H OW I N G  I N H I B I TO R Y  E F F ECT 
OF DOTH IS T R OM I N .  
Dothistromin added a s  a n  ethyl acetate solution during the l og-phase o f  growth. 

Control Control (ethy l  acetate @ 0.2%, v : v )  

Doth istrom i n  @ 1 .0 J.1g/cm3 

�r / Jj L Jt � o() 
CD 0 

0 -

0 

O.IIL......�+---+---+---�-+--�6 
T ime/days 

f 
t 

f 
I 

I l 
I 

Addition of 
Dothistromin  

��+---�-�' I I I 4 6 
T i m e/days 

Control (ethyl acetate @ 0.4%, v :v )  

Doth istrom in @ 2 . 1  J..Lglcm3 

/ J  

I 

r 

Add ition of 
Dothistromin  

4 6 
Time/days 

Control (ethyl acetate @ 0.6%, v:v)  

Doth istromin  @ 4.2 J.1g/cm3 

Addition of  
Doth istrom i n  

2 4 6 
Time/days -� 
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these rntio3 nre given in Table 7. It appears th".t for inhibi ti on 

to occur n do thi s tronin : cell nunber ratio of at l ec_,st 1 . 0 ;;.. g/cell 

8 
X 10 nus t  be .:whi t;ved . 

The us e o f  e thyl acetate s o lutions restricts the concentration 

range of dothi s tronin over whi ch effe c ts can bo  s tudie d. I t  hns 

been sugees ted that a glycosidic deriv�tive cf do thi s tronin nay be 

noro s oluble in aqueous s oluti ons ; a recent prelioinnry s tudy of 

the fornntion of a ongnesiuc cheJ nte conplox o f  do thi s tronin has 

shown thr:t this derivative i s  noro wc. tor-s oluble thnn the :r-:trent 

conpound and possibly nore pho tostable (Gnllngher ,  1 973) . 

3 . 23  Effect o f  Do thistronin on Chlorelln in Synchronous Culture 

3. 23 1  The c ell cycle of Chl orelln 

Having deternined the eff ective concentrati ons at  whi ch 

do thistrooin inhibi ts the growth of Chlorella in liquid cul tures , 

i t  was possible to s tudy the effe ct of the toxin nt those conc en-

trnti ons on synchronous cul tures . To estnblish the noronl pn ttern 

of events in the cell cycle of Chl orolla synchronous cul tures were 

initiated usi ng the techniques detailed in Secti on 2 . 4632 � A 

discus sion o f  synchronous culture theory and general techniques , 

a report of the prelininary experincnts es tablis hing synchronous 

cul tures of C . pyrenoidosa and nn nssessnent of the degr8e of 

synchrony achieved are als o included in the Experinentnl Me tho ds 

Section (Se ctions 2 . 46 1  - 2 . 464) . 



Table 7 .  Dothistromin : Cell  Number Ratios 

Toxin added on initiation of cul ture : 

: DsmJ final 
Cell No . / cm3 Ratio 

-( g/ cm3 ) ( �g/cell '" A 

0. 5 X 1 0-6 1 1 . 3 X 1 0 6 4 . 42 
1 .  0 X 1 o-6 1 1 . 3 .X 1 06 8 . 84 
1 . 5 X 1 0-6 1 1 . 0 X 1 o6 1 3 . 63 

o. 1 X 1 0  -6 1 0 . 5  X 1 06 0 . 95 
0 . 3  X 1 0-6 1 0 . 7  X 1 06 2 . 80 
0 . 6 X 1 0-6 1 0 . 5 X 1 06 5 . 47 

o .  1 X 1 0-6 5 . 8 X 1 06 1 .  72 
0 . 2  X 1 0-6 6 . 4 X 1 06 

3 . 1 2  

Toxin added in lQg J2hase : 

o .  1 X 1 0-6 3 . 8  X 1 08 0 . 03 
0 .  3 X 1 0-G 4 . 3  X 1 08 0 . 07 
0 . 6  X 1 0-6 3 . 6 X 1 02 0. 1 6 

1 . 8 X 1 0-6 2 . 3  X 1 08 0 . 78 
3 .  6 X 1 o-6 2 . 3  X 1 08 1 . 60 
5 . 4  X 1 0-6 1 . 6 X 1 08 3 . 25 

1 . 0  X 1 0-6 2 . 3  X 1 OS 0. 45 
2 .  1 X 1 0-6 2 . 4  X 1 08 0. 88 
4 . 2 X 1 0-6 2 . 9  X 1 08 1 . 43 

87. 

Chlorella pyrenoi dosa 

1 08 \ 
. ) Observed Effect 

3 day lc..g . 

) G  day lng . 

) 6  day l ng.  

Slight lag ( 1 2  hr) 

\ 4 day lag. 

> 1\- day lag. 

36 hr lag. 
) 6  day lag. 

No inhibition obs . 
t l  il  

tl  tl 

Growth lag 

Growth lag 
= 4 day lac;. 

No inhibition 
Slight lag. 
Growth lag. 
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�vo synchronous cultures were initiated; one of thes e wns 

grown under continuous illunin:J.tion and the oth.:::r \inS subjected 

to the internittcmt illunino.tion of the 1 6  hr light : 8 hr dark 

synchroni zing regino. Cell c ounts and cell size dis tributi ons 

'\"Toro d.eternined n t regul '"'.r intervals to follm'l tha progress of the 

cultures (see Fig. 1 5 ) .  At the smw tines so.nples were wi thdrr.:.wn 

for analysis  of nuclei c acid 81d protein content. 

nre presented graphically in Fig . 1 6 . 

These resul ts 

Bo th cultures showed sinilar pntter�s of chnnge in the RNA, 

DNA anC. pro tein contents per cell .  Division he.s be8lffi by the 1 6 th 

hour in both cultures . Tho continued increase in c ell nur1ber, 

nucleic ncid and protein content per so.nple and the w·idor range 

of cell size in the popul12tion of the continuously illuninnted 

culture show thnt if synchrony were to be maintained for noro than 

one cycle a continuntion of the light : dark regine would be necu ssary. 

3 . 2 32 Effect  of dothistronin on c el l  division, nucleic acid and 

protein levels in Chlorella 

The effe ct  of dothi stronin on Chlorolln wns exnnined in 

synchronous cultures .  Dothistronin-containing cultures were 

conp�red wi th cultures c ontaining the equivalent anount of e thyl 

acetate. In this way any chnnges , duo t o  the toxin, in the 

parnneters measured could be determined. 



FIGU R E  15 :  C E L L  COUN TS AND CELL SIZE DIST R I BUTI ONS OV ER ONE CYCLE 

O F  SYNCHRONOUS CULTU R ES OF CHL OREL LA. 
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F I G U R E  1 6 :  CHANGES I N  L EVELS OF MACROMOL ECULAR CONST I TUENTS OVE R 
ON E CYCLE O F  SYNCH RONOUS CULTUR ES OF CHL OREL LA. 
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Do this t roni!l wo..s c.dcted, in e thyl acetate , t o  the cul tures 

\•Thich w ere then grown under continuous illunination f o r  one cycle 

only. Continun tion of the licht : dark regine could lend t o  

'lnonnl ous r esults if n growth inhibi tor wc.s being s tudi ed . The 

onset o f  the dark pori od. would no t neces sarily coincide wi th the 

ons et of cell division under inhibi ted condit ions nnd subs u quent 

events could no t be ascribed sole ly to the effe c t  of the inhibitor . 

The r esults fron � series of synchronous cul tures conto..ining 

increasing conc entrations of do thio t�c�n c.re shovm in Fig . 1 7 . 

For thes e  cul tures cell nunbors o nly were noni torod . I t  o. ppec.rs 

tho.t c el l  divi s i on vms coopletely inhibited at dothi s t rooin : cell 

nunber ratios of greater than 1 0. 0 M g/ cell X 1 o
8

• 

On the bas is of this data, n synchronous cul ture was followed 

through o ne cycle when expo sed t o  the t oxin t'. t a final c onc en tra ti on 

of 0. 7 p, g/co3 , giving a do thi s tronin : cell nunbe r  r�t i o  o f  

1 2 . 5  J-1 gj c e l l  X 1 0
8 

and a fino.l concentration o f  e thyl o.c e to. te o f  

0. 07?t The results obtained vwre conpe.red wi th thos e of the 

parallel c ontrol c ontaining an equivalent aoount o f  e thyl ace ta te 

( see Figs . 1 8 , 1 9 and 20) . The cell si ze dis tributions sugges t  

that the growth of a large percentage o f  the populati on 1'1.'1.8 inpeded 

by dothis t rooin . The divi sion nunbe r  of the tes t populati on was 

only 1 . 2 as conpered with a divis i on nunber of 3 . 5  for the contro l .  

Analysi s  of the nucleic acid and pro tein c onten t  o f  b o th cultures 

at intervals over the cell cycle ( Fig. 1 9) shovrs a narked diff erence 



F I G U R E  1 7 :  E F F ECT O F  DOTH ISTROM I N  ON THE C E L L  CYC L E  OF CHL OREL LA. 
Following changes in cell nos. only. 

a) Control 

SI = 0 . 1 6  

tO 10·0 tO 
I I 
0 0 ..... ,... 
X X 

M M 
E E (..) 8·0 

(..) 
......, ......, 
0 0 
c: c: 

Qj Qj (..) (..) 

6·0 

10 20 30 timefhr. 

d )  Dothistromin @ 0 . 6  J.Lg/cm 3 

tO 10·0 
tO 

I I 
0 0 ..... ..... 
X X 

M M 
E E 
(..) (..) 

......, 8·0 ......, 
0 0 
c: c: 

Qj Qj 
(..) (..) 

6·0 !!._/ 
!!. !!. 

1b 20 30 timefhr. 

Dothistromin/cell no. = 1 0 .34 J.Lg/cel l  x 10 8 
SI = 0 .06 

( SI  = synchronization index ) 

b) Dothistromin @ 0 . 1  J.Lg/cm3 

Dothistromin/cell no. = 1 .72 J.Lg/cell x 1 0  q 
SI = 0. 1 5  

10 0 tO 10·0 
I 
0 ..... 
X 

M 
E 

8 ·0  (..) 8·0 --
ci c: 

Qj (..) 
6·0 6 ·0 

10 20 30 timefh r. 

e )  Dothistromin @ 1 .0 J.Lglcm3 

10·0 tO 10 0 
I 0 ..... 
X 

M 
E (..) 8·0 ......, 8·0 
0 c: 

Qj (..) 

6·0 � 6·0 

!!. 
!!. 

10 20 3o timefhr. 

Doth istromin/cel l  no. = 1 7.58 J.Lg/cell x 10 B 
SI = 0 

c) Doth istromin @ 0.3 J.Lg/cm3 

Dothistromin/cell no. = 5.17  J.Lg/cell x 1 0  8 
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F I G U R E  1 8 :  E F F ECT OF DOTH I STROM I N  ON SYNCH RONOUS CULTU R ES OF CHL OREL LA. 
Effect on cel l  counts and cel l size d istributions. 
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FIGURE 1 9 :  E F F ECT OF DOTH ISTROMIN ON SYNC H RONOUS CU LTUR ES OF CHL OREL LA. 
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F I G U R E  20: E F F ECT O F  DOT H ISTROM I N  ON SYNCH R O NOUS C U LT U R ES O F  CHL OREL LA.  
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in the rate of change in levels of protein nnd of RNA bctlvoen the 

control nnd the test  nfter exposure to dothis tronin. The increase 

in DNA content does no t apponr to bo gre.:J.tly nffectod over the first 

few hours following dothi strorrin :�ddi tion nnd only in the lnter 

s tnges of the cell cycle is the increase in DNA inhibited in the 

dothi stronin-treated culture . The effects observed arc s�"�rizod 

in Table 8. Do this tror..in nppeD.rs to affect the processes of RNA 

nnd/or pro tein synthesis thereby inhibiting growth and, indirectly , 

cell division. However,  this appronch does not shmv vrhether the 

effects on RNA and protein are i::medintc prinary effe cts of the 

toxin. 

3 . 24 Surtoary and Discus sion 

Do thistrooin is an inhibitor of the gr01vth of Chlorelln in 

liquid culD1re at concentrations of the order of 1 . 0 - 2 . 0� g/cn3• 

The effective concentration oo.y, in fact ,  be less tlli�n this since 

the coopound io not readily soluble in aqueous solution and not 

all of the toxin added oay be available to the c ells . Although· 

ethyl acetate , the carrier solvent used to intro duce dothis trooin 

into aqueous cultures ,  is also growth inhibi tory it had no apparent 

effect on growth nt the concentrations used in these experinents 

( < o .  5%) . As nay have been expected it could be shown that the 

ratio of dothis trooin concentration : cell nunbor  was an 
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SU1Jfi\1ARY TABLE 

Table  8 . Effects  of dothistromin on synchronous cultures 
of Chlorella . 

TREATNENT 

CONTROL 

Ethyl acetate o�% 

TEST 
Dothistromin 0. 7 ;.�.g/ cm3 
( dothistromin : cell 
number ratio - 1 2 . 5 JAg/ 
cell X 1 08 ) 

Division 
Number 

) . 5 

1 . 2 

Rate of 
Increase 
of DNA 
( J.A g/hr )  

1 . 5 

1 . 0 

.Rate of Rate of 
Increase Increase 
of RNA of protein 
( }J.g/hr)  ( A-t g/hr ) 

6 . 0 1 . 8 

1 . 6 0 . 7  
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inportnnt fnctor in the degre e o f  inhibition observed . These 

rQtios were of the order of  1 . 0 ��/cell X 1 08 for inhibition of 

the Growth cycle . However, in order to accentunte the changes 

observed in the coll cyclu in synchronous cultures ,  it w�s neces sary 

to use n rntio of the order of 1 0 . 0 ; t  G/cell X 1 08 • 1',.ddition of 

toxin nt this l8vel resul ted in nn inhibition of cell division 

and o. nnrked decline in the rnte of increa::;o in the levels of RNL. 

and protein per cell over the cell cycle . An effect on the rnte 

of increase of DNA was no t observed until the l�ter stages of the 

cycle.  

Fron Uase resul ts it  night be  concluded tho.t dothis tronin 

hns a prioo.ry effect  on growth processes , indirectly loncl.ing to 

inhibiti on of cell division. The eventunl inpniroent of DNA 

synthesis obse1�cd nay be a secondo.ry effe ct caused by the 

:Ohibi tion of RNA E'..nd protein synthesis which is o.ppnrent by the 

4 th hour of the cell cycle. Further inves tigation of these areas 

of ootaboliso was undertaken to establish whether the apparent 

inhibi tion of RNA and protein s�1thesis was a direct prinary effe c t  

of do thi s trocin. Results obtained froo s tudies on the site of 

action of the D.flatoxins have shown that they inhibit RNA synthesis 

resulting in a subsequent i1ihibition of pro tein synthesis . 

Synchronous cultures are useful in establishing the area of 

netabolisn affected by an inhibi tor. Howeve r direct analysis of 

this nature has lioi tations . The degree of synchrony rohi eved in 
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this s tudy was not suffi cient to give a d o tniled tine - cours e for 

inhibi tion. Such a t ine-cours e -.vould involve sanpline a t  

c l o s e ly t iued intervnls after the add ition o f  dothi s trouin and 

the nensurenent of very snall differences in the levels of 

nuc l e i c  acids and pro t ein . The nppronch would require very 

large volunes of culture to supply sufficien t  nnterial for 

d etailed analysis , nnd � ref ined technique of inducing sync hrony 

in Ch: orelln cultures . More s ens i tive no tho ds of de te ruining 

rates of biosynthesis wore used to exru�ine in nore detail the 

likely si tes of inhibi t i on whi ch had b e en indicated fron the 

synchronous cul ture expe rinont s . 

3. 3 EFFECT OF DOTRIS TROMIN ON THE INCORPORATION OF fu\DIOACTIVE 

PRECURSORS BY CHLORELLA 

The experinents on the effe c ts of do this tror.ri.n on synchroni zed 

cultures of Chlorella showed a narked inhibit ion of the rates of 

increase o f  total l evels of RNA and pro tein throughout the c e l l  

cyc l e .  T o  s tudy this e ff e c t  i n  grea ter d e tail requires a nore 

sensi tive ne thod of n�lys is than the deternination of gro ss 

changes in t o tal l evels of onch conponont . 

The availabili ty of i s o topi cnlly-labelled precursors of 

nuc l e i c  acids and pro teins of high specific a c tivi ty and purity 

nakes the s e  c onpounds sui tnble for biosynthe t i c  s tudies . The o) as e 

nnd s ensi t ivity of radi oac t ive as say perni ts the de t e c ti on of 

t:IBRARY 
MASSEY UN IVERSlll 
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ninuto nr:::ounts of  lnbellod conponents in  snnples , nnd hence labelled 

precursors of biosynthesis cnn be used at physiological concentrations . 

3H-Uridine incorpor:-.1ti on is c. rensonnbly specific nethod of 

labelling RNA when the tritiun lnbel is  present in the 5 position. 

This lo.bel is los t in the foru-".tion of thynidine vie. deoxyuridine , 

nnd tho proportion of RNA precursors incorpornted into DNli is SU:"lll 

in conp.:1rison with their incorporation into RNA . 3H-Thyuidine 

( lnbolled in the nethyl position) will be specifically incorpornted 

into the DNA , since thynidine is not utilized in illifL synthesis . 

ii. nunber of lnbolled nnino ncids .-::.ro nvailnble for use in 

incorporntion s tudies . Hovrover ,  c£.re nus t be exercised in the 

choice of nnino ncid for s tudi�s on the biosynthesis of pro teins 

since onny of these cor:::pounds occupy central positions in 

intornedinry oetnbolisn. Obviously the use of isotopicnlly-lnbelled 

nnino acids such as glu t.:1.nic ncid or glycine in trncer studies \'I'OUld 

result in n very 1-lide di stributi on of the lnbel in ::J.:J.ny different 

classes of conpounds. 1 4c-Phenylnlnnine incorporntion wns used in 

the present study ns n oonsuro of the rnto of protein synthesis .  

Although the incorpor.:J.tion of labelled precursors nny be used 

to estinnte biosynthetic rntes , cnro nust be tnken in the inter-

pretntion of datn. The rntc of incorporation will be deten.1ined 

by such factors ns (a)  the rnte of upt�e of the labelled conpound, 

( b )  the size nnd rate of turnover of the precursor pool and ( c )  the 
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COQpos i ti on of the macreool e cule being synthesi zed . However, 

it aa u t c oneide:red rel.vant to .va.l 

Hhi lo r2.dionc tive tracers do nako it poss ibl e to cnrry out 

very s ensi tive assnys , the uso of rndi o-is o topes d o es hnve 

disadvantages . In addi t i o n  to pos sible radinti on effe c t s ,  

V!hi ch n r e  unlikely t o  b e  s i gnifi cant i n  such sho r t- t orn 

expori11ent s  wi th woO.::: /3 - er.1i t t ors , n inpl e  chenical exchange 

reacti ons cnn r) c cur l'li th rr>.dio-is,; topes and, c.s nentioned r.:.bove , 

i s o t opic l nb els can have n nul ti plic i ty of fat es . In tracer 

experiments one is following th e di s tribution of n label and not 

ne cessarily that of the c cnpou.-·1d in >V'hich the lnbel has been 

added to the test sys t em .  The refore some puri fication is usually 

ne cessary before sampl es are c0unt ed. There are a varie ty of 

classes of _macromolecule into which precursors can be incorpornted 

and the rate of synthesis uensurod by inc orporati on of radi oactive 

i s o topes ;ri ll be predooinantly thnt of th8 frac ti on with th� 

highest rnte of synthes i s .  Thus , i f  incorporati on into one c f  

the minor cell conponents or into n c lass o f  macromolecule being 

synthesi z ed nt a low rate is being s ele c tively inhibi ted, this 

effect ;dll be masked by inco rpore.ti on into o ther cel l  frac ti ons . 
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3 . 31 Incorporation of Rndionctivc Precursors by Chlorella Cultures 

Pr8lininary experinents 1vi th Chlorolln 1wre c:1rri ed cut to 

investigate incorporation of  3H-uridino , 3H-thymidino anc 
1 4  C-phenylalanine . Aliquots ( 5cn3 ) of Chlorella in liquid 

'7. 
culture were incubated in 50cn.J Erlennoyor flasks with the 

addition of i so to pe . During the period of incubati on the cul tures 

\.Yero rrern ted wi th 5% co2 in air a.nd i llurrinatud , foll owing the 

cultural c ondi tions used in previous work. (Sec Experinentnl 

Methods Section for full details of nethods . ) At tined 

intervals the incorporntion of isotope -vms nrres ted by the 

addition of ho t absolute alcoho l ,  t J  give a final c.lcoho l 

concentration of so% (v/v) . After centrifugntion th8 residues 

were resuspendod in n further volume of ho t so;� alcohol. This 

extrac tion procedure should remove any unused precursor as well 

as soluble nucleotides and free amino ac ids . Residues fron the 

second alcohol 1wsh vwre r8sus pondod in 50% ethanol and an 

aliquot taken for counting to deternine the total incorporati on 

into ethanol-insoluble conpounds . 

3H-Uridine ( 25  )J.Ci/ assay) showed very high levels of 

incorporation, and 
1 4

c-phenylalanine ( 1 . 25 .u Ci/assay) gave 

satisfactory incorporation into ethanol insoluble material . The 

levels of 3H-thynidine ( 2 5 )-l. Ci/assay) incorporated were sonevThnt 

lower ( of the order of 2000cpm/hr - i . e . 1 0% of the rate of 
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3H . d . . t ·  ) -ur1 1ne 1ncorpor� 10n. It  vms shown that cyclohoxinide , 

nt � final concentration of 5 )JLg/cn3 , i��bi ted tho incorporntion 

of 
1 4

c-phenylalanine into the e thanol-insoluble nc.terial , nlthough 

inhibi ti on wns no t coBploto �t this concentration. Invos tigntion 

f 3H " d "  . t ·  h d th + t l t BOdo f th l b 1 o , -ur1 1no 1ncorpora 10n f3 ovrc a "  n ens 70 o e n e 

incorporntod into the e thcmol-insoluble r.mterinl ims found in 

the supernatru1t after overnight alkaline hydrolysis at 30°. This 

indicates that the tritiun label is predo�inantly in the illfA-

containing frc.cti on. Of the 3
H- thynidine incorporated, 

npproxinntely 30% of the label reonined in the residue ( DNA and 

protein contc.inine frrJ.ction) c.fter overnight alkaline hydro lys i s .  

3 . 32 Effect of dothi stronin on precursor incorporation 

Tho labelling procedure nlrcady described was used to study 

the effect of dothis tronin on tho incorporation of 3H-uridine , 

3n-thynidine and 1 4
C-phenylal1'.nine . Jliquots ( 5cn3) of Chlorella 

culture for labelling wore wi thdrmm fron n synchronous culture 

at the beginning of the cell cycle , and the incorporntion of each 

labelled precursor was deteroined at 30 nin. intervals for 1 t  hr .  

This lRbelling period over the first 1t hr of the cell cycle 

corresponds to the period of growth following cell divisi on . 

Dothistromin wns added at the begilli!ing of this period, with the 

labelled precursor,  to give a dothistro�in : cell number ratio 



8 X 1 0  (final conc entration of dothistronin 
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of 1 4  }J- g/ cell 

1 • 0 )J..g/ cn3 ) • Labellad precurs:Hs vrore ndded ['.. t the follov;ing 

lovols : 3H-uridino , 1 0  }ACi/nssc.y ; 3n--thynidine , 25  ,u Ci/nssay ; 

1 4c-phonylalanine , 1 . 2 5  /l..Ci/assny. Results nro given in Fig. 2 1 . 

These rosu�- ts showed n oc.rkcd inhibi tion by clothistronin of 

3H-uridino and 1 4c-phonylalr.nino incorporc�tion;  tho r.::.tes of  

incorporation were il1P�bited by 81 . 5% and 49. 5% res pectively. 

The toxin had li ttle effect on the incorporation of 3H-thynidine , 

causing 31 %  inhibi ti on. �10 rnte of 3H-thynidine incorporation 

1ms low by conpnris on 1rvi th thnt shown for the o ther precursors . 

Howover , it  has boon shovm tllnt roplico. ti on of nuclonr DnA occurs 

after the: 1 Oth hour of tho cycle in synchronous cul tures of 

Chlorella (lvanka nnd r·iulders . 1 967 ) ,  although 1 4c-uracil 

incorporation into satellite DNA is c ontinuous throughout the 

c ell cycle ( \V'nnkn e t  al . , 1 970 ) .  At the s tage of the cell 

cycle over which labelling wns carried out (0 - 1 t  hr) one would 

no t expect to find high rntes of 3H-thyoidine incorporati on into 

DNA. 

3 . 33 Effect of dothis troBin on precursor incorporati on nt 

different s tages of the cell cycle 

To s tudy the effect of dothistronin nt different s tnges of  

the cell  cycle , rates of 3n-uridine , 3H-thynidine anJ 1 4c-phenyl-

alanine were detorrJinod at 4-hourly intervals over the call cycle.  



FIGURE 2 1 :  E F FECT O F  DOTH ISTROM I N  ON THE I NCO RPO RATION OF LABE L L E D  
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Sanples for l.:J.bolling uoro t11ken fron two synchronous 

cultures , one initi.:J.tod 1 2  hours after the other ,  but both at 

the snne initial cell density. This sinplified the ho.ndling of 

sanplos during the 24 hour cell cycle . Dothistronin was added at 

n. final concentration of 1 . 0 J • e/cn3 to each assay, givins n. 

dothistronin : cell nur.:;ber ro. tio of 1 6  p g/ cell X 1 08
• Labelled 

precursors wore .2dded at tho following levels : 3rr-uridinc , 

1 0 _t L Ci/ e.ssay ;  3H-thynidine , 1 0  u Ci/ assay ; 1 4C-phenylnlo.nine , 

0. 3 i.J.. Ci/assay. Rates of incorporution have been cnl culnted 

fron grnphs of incorpor:c.tion nt each sauplo tine and , where uptake 

vrc.s non-linear, fron n tangent to tho curve ovor the 30 - 60 nin 

time interval .  These  results o.re given in Table 9 .  Rntes of 

incorporation in the presence of dothistronin have been expressed 

as <-1 percentage of those shown by the controls . Fig. 22 shows a 

graphical representc.tion of the Vt:' .. ri .:1tion of the rates of 

incorporation over the cell cycle .  

High rates of incorpor:o.tion of 3rr-uridino were shmm over 

the first 1 2  hours of the cycle .  The rate in  the presence of 

the toxin varied between 20% and 40% of the control rate , 1ri th 

the exception of tho Ohr saople which shmved li t tlo incorporation 

of 3H-uridine in the presence of the toxin. The incorporntion of 

1 4c-phenylalanine rennined reasonably constant throughout the cell 

cycle , with incorporation in the presence of dothistrooin varying 
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Table 9. Rate of Label uptake over life cycle of Chlorella . 
--------

Control Dothistromin Dothistromin Ptate % 
HOUR OF CYCLE Rate Rate Control Rate 

cpm/min cpm/min 

1 4c Phen;ylalanine : 

0 90 47 52% 
4 63 52 83% 
8 62 47 75% 

1 2 83 43 52>,; 
1 7  53 30 575& 
20 80 37 46% 
24 1 03 58 56% 

3H-Uridine : 

0 200 3 1 . 5% 
4 1 07 3 5  33% 
8 71  1 8 25% 

1 2  53 23 43% 
1 7  23 5 2C/b 
20 25 5 20% 
24 38 1 3 34% 

3H-ThlJ!!idine : 
0 3 . 2  1 . 3 3% 
4 1 . 6 0 . 9 56% 
8 1 . 8 1 . 0 5 5% 

1 2  1 . 8 3 . 2  1 791o 
1 7  0 . 1 0. 8 253% 
20 0. 5 0. 8 1 66% 

Dothistromin final concentration = 1 . 0 �g/cm3 ; 
Control - 1 . 0 � 1  Ethyl Acetate . 1 4c phenylalanine at 0. 3 �Ci ; 
3H-uridine at 1 0  }J.Ci ;  3H-thymidine at 1 0 ,.uCi . 
Dothistromin : cell no . ratio = 1 6 . 0j1 g/cell X 1 08 
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betvwen 457; nnd 80% of tho control rn to . 3u-Th}Tii.dine ir..c0rporation 

rer."2-t:linocl consi3 tontly lo;.r , Hi th the toxin nppn..ron tly incroc.::>ing 

inc orporc.tion rntc::; [',ftor the 1 2 th hour of tlw cycle . en- Thyuidine 

incorpcrc.tion rc.tos varied frm:.: los3 tho.n 1 cpu/uin t:::, little 

D o r e  than 3 cpu/uin. Lt thoso l eve ls th8 '1ppnrcnt ' inc r ons o '  in 

rc-. tc: is no t s ignif icant . ) 

O thor work in thi s  f i c lcl (Soncor and Bishop ,  1 969 )  i ndi c o t e s  

a noro cons tc.nt rc.te cf RNL synt he si s thr:11 th::�t indi cntod b y  th e 

3u ' cl '  . t ·  t b cl . th ' t -ur1 1ne 1ncorpor'' 1 cn ro. os o serve 1n 1 s  sys on. Prot ein 

synthe s i s  i s  f'..l so ncc.rly l ino,;r throu.zhout tho cycle. Tho 

synthes is of DNA in the cell cycle of Chlorello.. hc.:s b G cn s ho1m to 

be non-lineo.r vli th very li t tlo  synthesis occurring ove r the f:i.rst 

S hours . Thi s  period i s  folloNvd by ono of rapid synthes i s pri or 

to c ell division and thon the rc.to of synthes i s  drops t owards tho 

end of tho cyc l e .  Results ob taine;d by f ollmving 3H- thyr.lidinG 

incorporo..tion do no t ref l e c t  thi s biosynthctic pctttorn at all. 

3 . 34 Re lnti onship bet1.;eon d o thi s t ronin c o ncont rn t i on and 
'7. 

incorporati on of JH-uricl ine 

An exp erinen t in vrhich Chl o rella snnpl os were incubc� t e cl  with 

increasing conc entrc.ti ons o f  clo thi s tronin 1-ms c onducted t o  es tablish 

the relati onship b e h;een closo and dogr o e  of inhib i t i on 0f 3n-urid�ne 

incorporation observed .  The snupl c s  o f  Chlorelln cul ture for 

labclline were wi thdrmm fron a synchronous cul turc 2 ho,lrs after 



the beginning of the cell cycle and tno conc entrati ons of 

dothistronin inve s tigo.ted co-,rercd the ro.ngo 0 .  5 
. 3 - 4 .  0 ;.;..g/ CD. , 

1 1  o .  

c:iving dothi s tronin : call nunber r:ltios o f  5 .  5 - 44 . 0 .Mg/cell X 1 0
8

• 

3
H-Uridino vlE'.S added nt 1 0)J...C i/o.s s!ly. 

7 
The rcto of �H-uridine 

incorponc.tion -vms plot t-.;d ngr..�ins t the final concentrn ti on of 

dothis tronin nnd this grnph is shmm in Fig. 23 ( a) . 

The rosults showed that the d egr'-' o of inhibi ti on is 

dose-de pcmden t .  However ,  n s  shown on the grLtph, tho s o lvent 

e thyl acetate also inhibited 
3

H-uridine incorporati on; this 

inhibi ti on was narked at conc entrati ons of greater than 0 . 2% (v/v ) . 

The do thistronin-res ponso curve '1-TD.S repented using n s t o ck 

solution of dothi s tronin of e, higher concentration to ninini ze 

interf erence by so lvent inhibi ti on. The anount of s o lvent added 

to give the highest conc entrati on of dothi s tronin gnvo no 

inhibi tion by i ts elf.  Thes e  results nre given in Fig . 2 3 ( b )  and 

show a typical hyperbolic dos e-res pons e curvo . 

3 . 3 5 Dis tribution of precurs or lnbel in cellular fr.s.cti ons 

In view of the very l ovl inco rporation rates of 
3

H-thyuidine 

observed ovc:r the entire c ell cycl e ,  n c oo.p:1ris on of rnt o s  o f  

incorporation in cultures with and without th e  pres ence o f  

do this tronin can hnve n o  si�ifi cance until it is os tnblishod that 

the incorporat i on of labolled thynidine is in fac t n nensure of 



FIGU R E  23: DOSE-R ESPONSE CU RVE FOR DOTH IST ROM IN 
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DNA synthetic activi ty i n  this sys tem. To test the validity of 

using 3H-thynidino ar;: a nuclei c .'1cid precursor to ocasuro r.'l tes of 

synthe8is ,  the dis tribution of label derived froo this coopound in 

the c ollul.'J.r fracti ons of Chlorella wo.s inves tigo.ted. The 
'::>; 

dis tributi on of the tri tiun label fron ""H-uridino wm> o.ls o 

deternined. 

3H-Thynidine o.nd 3H-uridine "'mrc adclGd to the res pocti vc 

assays at 1 0 J.l..-f]i/ cn3 • The rosidues after hot c th�nol extracti on 

wero resuspended in 50% eth.'lnol .'lnd an o.liquot taken for counting 

before tho remainder we.s subj ected to tlw Schnidt-Thannhauser 

extraction pro cedure (sec Secti on 2 . 5 1 1 ) . Aliquots froo each s tep 

of this extraction were counted and the results are given in 

TablG 1 0 . Quench corrections 1>fGre nppliGd to all counts so  that 

valid coopnrison could bo oado . The corrected counts 1wre 

expressed as a percentage of the total counts incorporat8d into 

the ethanol-insoluble naterinl. 

The results shovTod that a 1.:-.rge proportion of the 3H-uridine 

incorporated was found in the allcaline-labile , ill'Jil.-containing 

fraction nnd thus 3H-uridino incorporation is indeed a 

satisfo.c tory oeasure of RNA synthetic activity, at least for 

cooparative s tudies . Ho'lwvor ,  a large percentage of the 

3H-thyoidine label also appeared in the alkaline-labile ontoriul 

wi th, at the most ,  40% fOtmd m ·t:.u ncid-lnbile, DNA-containing 

fracti on. One ous t  conclude , therefore , tTh'1t in this sys too 

3H-thyoidine incorporation is not a satisfactory oeasura of DNA 

synthesis .  



Table 1 0  

SAII'J:PLE 

Distribution of label in cellular fractions of  
Chlorella . 

Acid Soluble 

Flli\C 'ri ONS 

Alkali-Labile 
( RNA­
containing) 

Acid-Labile 
(DNA­
containing) 

1 13, 

Residue 
(Protein­
containing) . .  

'7. 
;;H-Uridine : 

30 min. 
60 min.  
90 min . 

1 20 min .  

3H-Thymidine : 

30 min. 
60 min .  
90 min. 

1 . 2:� 
1 ., • 5��) 
1 5 . 35'6 
1 2 . 8% 

1 2 .  5>� 
2 1  . 8}:� 
1 5 . 1% 

78 . 7�� 1 2 . 6% 
76 . �/o 3 .  9'f� 
55 . CJ/o 8. ofo 
96 . 7% 4 . 1 % 

49 . 7% 1 3 . 8Jt  

45 . �  43 . 3�� 

50. 8}b 5 .  1 jC: 

Fractions from Schmidt-Thannhauser extraction procedure ( refer 
to Experimental Methods , Section 2 . 5 1 1 ) . 

5 cm3 Chlorella culture incubated with la be:. led precursors . 
3H-Uridine at 1 0 ;.L Ci ; 3H-Thymidine at 1 0 p  .. Gi .  

0 . 7% 
0 . 1% 
0 . 2% 
0 .. 2% 

3 . 51� 
o .  5�; 

Counts expressed as a percentage of those incorporated into the 
ethanol-insoluble  residue . 
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3 . 36 Alternative labelled precurso rs for DNA synthesis 

Fron a s earch of the litGraturo , it was no ted thrct other 

workers had no t been able to label Chlorella DNA satis fac torily with 

a 3
H-thynidine precurso r. 'l'his rw.s been as cri be:d to a. lack of 

thyni dine , . kinnse ac tivity ( 1,lanka et al . ,  1 970 ) which neans thnt 

Chlorella i s  therefore unable to uti lize exoganous thynidine 

for DNA synthesis . \'le.n..lm et al.  ( 1 970 ) found tl1Gt the use of 

2 -
1 4

c-uracil,  followed by purifi cation of DNA , · .was the nos t  

useful nc thod for DNA lnbelling in spi te of the high incorport::.ti on 

into RNA , partial dec;radation and non-specific lnbelling. 

2-
1 4

c-Urncil incorporation into .Qhl.Q_� -vms inves tigated 

over the period fron the 1 3 th - 1 4th hour of the cell cyc l e .  A t  

this s tnge o f  the cell cycle , just prior t o  cell division, one 

would expe c t  a higher rate of DNA synthesis and therefore of 

incorporation. 
1 4

c-Urncil w·ns used a t  a level of 0 . 1 ,P Ci/ assny 
- .... . . . 

and over the labelling pe ri od loss than 1 00 cpn ( 1 % of the label 

incorporated into the ethanol-insoluble residue ) vms incorpora ted 

into the DNJ\.-containine fraction, as doterninad by the S chnidt-

Thannhnuser ex traction procedure , or into the residue renaining 

after enzynatic hydrolysis of RNA wi th pancreatic ribonuclease ,  

To obtain adequate levels of inc o rporation t o  neasure 

differences in tho rate of DNA synthesms in Chlorella the ru:wunt 

of labelled precurso r  added would have t o  be subs tantially 
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increas ed and/or the tine of exposure to the lab e lled pre cur s or 

extended. An increas ed labelling peri o d  would nllovr even no re 

non-s pecific incorporation to o c cur nnd would oake it diff i cu l t  

t o  de ternine the rate at which do this tronin exerts i t s of f o c t  on the test 

systc!:l , 

The resul ts o btained e s tablish thn t d o this tronin rapidly 

affects the rates of protein nnd RNA synthe s i s  as sugge s te d  by 

the changes obs e rved in the levels of the s e  conponents in the 

pres ence of d o this tronin over tho c ell cyc le of synchronous 

cul tures of Chlorolla. Inhibi tion o f  the r�tes of b o th 

pro cesses was apparent vri thin the fi rs t 30 nin af ter exposure to 

3 . 4  EFFECT OF DOTHISTRGr.UN ON GRmlTH MID PRECURSOR INCORPORATION 

BY YEAST AND BACILLUS MEGATERIUM 

The finding tha t  the inc orp o rati on of i s o t o picnlly labe ll ed 

thyni dine into the DNA of Chl ore lla was insuffic ient to allow 

short-t ern tine-c ourse s tudie s to be carri ed �t led to tho 

inves tigation of o thor o rgani sns f or u s e  in elucidating the s i t e  of 

do this tronin inhib i t i on .  I deally, the organisn for such s tudies 

should be sensi tive to do this tronin , inc orporate labelled precurs o rs 
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a t  high rntes over short periods o f  tine and, preferably, allow 

for ease of oxtrRcti on of cellular conpononts . 

3 . 41  Investigation of Snccharonyces cGrevisine (Yeast) 

The initial investig�tion of dothis tronin toxicity involved 

the screening of a nunber of nicro-orgnnisns for inhibition by 

the toxin using the antibio tic  disc plnte bionssay. It  vms found 

that yens t was inhibited by the toxin and this orgcnisn w�s 

thorofore inves tigated further.  

3 . 41 1 Effect of dothistronin on grm.,th of Yeast 

The concentrations of do thistrooin required to irillibi t the 

growth of yeast in liquid culture were first es tablished by 

neasuring growth rates in the presence of the toxin. Details of 

the culture ncdiun and growth condi tions for yeas t are given in 

the Experioental Methods secti on ( Sections 2 . 47 and 2 . 7 ) .  Growth 

curves uere detoroined b;y· follmring the increase in cell nunbers 

in cultures wi th Klctt rendincs being taken at regular intervals . 

Erlenneyor flasks ( 25  co3) with side-am tubes proved to be 

convenient vessels for growth of this organisn. The sidc-arns were 

designed to fi t into the Klett nachine and recdings could be taken 

without having to wi thdrmr sa.nples fron the culture. 

growth curve data arc shown in Fig. 24. 

Repres entative 



FIGURE 24: G ROWTH CURVES FOR Y EAST SHOWING I N H I BITORY E F FECT OF DOTH ISTROM I N .  

Dothistromin added a s  an ethyl acetate solution at the beginning o f  the growth period . 
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A t  th e high conc en trntions o f  d o thistronin required t o  inhibit 

the growth of yenst cul turos , thoro 1'ms a O['.rked solvent inhibit ion. 

Thes e  results showed clearly the no od to includ e solvent controls 

when as ses sing the effects of d othis trooin where it is adflod to 

cultures as nn e thyl ncetate solution. The do thistrooin : cell 

nuobor ratios cnlculnted indica te that yoQs t is less sensitiv e to 

the toxin than Chl orella. Th 0sc ratios are appr oxioa tions only ; 

cell c ounts of a yeas t whic h reproduces by budding are of lioited 

ac c uracy since ono is faced I'Ti th the problen of decidine hm.; large 

the bud o uus t bo bofore being coun t ed a s  whole c ells , even while 

s till at tached to the p.2rent coll. In this cns e ,  budo of oore 

than 50% parent c ell size , ns j udged by oye ,  v;ero coun ted ns whole 

cells . The ratios are given o n  the relevant grov;th curve s  nnd 

ar e  of the order of 500- 1000�_ g/cell X 1 08 ,  as coo��red with 

2 .0 -� g/cell X 108. for Chlorella. 

3 . 4 1 2  Incorporation of labelled pr ecursors by yea s t  

Exporinonts following the incorporation o f  3H-uridine and 

3H-thyoidino wero carried out to detcroine the distri bution of each 

precursor throughout the c ellular ont orinl of yeas t. Aliquots 

( 5co3 ) o f  liquid culture of the orgnniso, in log-phase of grm'1th, were incu­

bated m 50 co3 ErlemJ eyor flasks at 30° and the labelling oxperioents 

perforoed as de tailed in the Experioental Methods Sec tion 2 . 64.  The 



f o llowing l evel s  of labelled precursors were used : 
3

H-uridine ,  

20 ;;..Ci/o.soo.y, ::>H- ·chyn:i_clinc , 2 0  )-A.Ci/o.ssnyc Enc. h s.J.nplc HC.S 

m1bjoc  cod. to tho 8chm.i.cl-C--Thnnr{r:.c.-.. LJ 0:. ext:..'o.ction procedure and the 

r osul ts ob·cainecl nro gi vun in •rablo 1 1  .- 'l'hesc  rcsu l ts shovr 

c ontaininz f:cnc-Gion, The largo dis crepancies shown for p·recursor 

incorporation e.rise f:..·on the diffi cul-l;y of tc.king etliquo ts fron 

an r·.noycn suspensi on of the Ethr-mol-ins olubl e  nat;ori.::tls ., The 

noe;l igibl8 thynidino incorporntion into DNA nay ::::.getin be due to 

the D.b s onc o of ::. th;y'Tlid:;.no ' �inn s o  in S ,  cerevisic.o ( Gri voll and 

Jc.ckson, 1 968) . 

2 - 1 4c--Urncil lva s :::tlso inves tigo.tod f o r  use as a DHA lc.b o l .  

H01wvor, uptnko into the DNA fracti on , c.s deteroincd both by 

S ch!:lidt- ':'ham1hc.us o1' ex tractions nnd by counting res i dues nfter 

exposure to pnncrenti c ribonucleas e ,  1-1:1S not sufficient to perni t 

short- torn lab elling studios . The nnxinun incorpor.::t ti on rato was 

only 200 - 300 cpn/hou::.· . 

Yoast was therefore not considered to be a sui to.ble orgnnisn for 

this type of exporinentnl s tudy. I t  is relntively insensitive to 

dothis tronin and,  nt thG concentrations of toxin required to 

i:r.hibi t growth, solvent inhibi tion becano a problen. In yeas t , a� 

in ..Qhd-o:r.£11-.Q., the incorporation of 3H-thynidine into DNA 'iTaS negligibJo ,  
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_'tabl�..Jj_. Label distribution in cellular fractions of yeast . 
FRACTIONS 

Alkali-labile Acid-labile 
SAI1f:J:� Acil;. Soluble ( RNA-coataining) ( DNA-contai 

3H-Uridine 

1 5 min. 1 3 . 3% 85 . 4% 1 . 3/b 

30 min.  7 .  3��; 88 . 7% 4 . o%  

45 min .  2 .  93� 94 . 2�r, 2 .  95'� 
60 min. 3 . gfo 92 . 4% 3 . 6% 

3H-Th;y:midine 

1 5  

30 

45 
60 

min. 1 0o% 0 0 
min. 32�; 68% 0 
min.  85% 0 1 6% 
min.  1 ow; 0 0 

Fractions derived by Schmidt-Thannhauser extraction procedure 
( see S ection 2 . 5 1 1 ) .  

5 cm3 Yeast culture incubated with labelled precursors . 
3H-uridine at 20 JJ- Ci ;  3H-thymidine at 20 jl-Ci ; 

( ' O '  indicates that counts in fraction ivere less than the 
background counts . ) 

g)  
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nnd the incorpore.tion of la�el fron 2 -
1 4

c-\trncil ns n precursor 

for nuc loic ncid synthesis pro ceeded vo ry sl owly under the 

c ondi ti ons us ed . 

3 . 42 Investigation of Bncillus �o�nteriun, �1 

B . negateriun, KM has been use d ns n bionssay o rgnniso in the 

s tudy of nflntoxins ( Freko , 1 974 ) . A thyoine-requiring nutant 

of this strain was C'..vailnble o..nd by usinc this it WTl.S hoped the. t 

high rates of incorpornti on of 
3

H-thyoidino into DNA could b e  

ob taine d • Bioas s ny of B. negatorim, KH, in the antibi otic dis c 

.<1gnr plate as say and in liquid cul tur e ,  showocl that the organisn 

is sensitive to d othi s tr onin nnd o. sub-culture of the thyoine­

roquiring outo.nt , designated Kl1T- and isolated by llfo.chsnan e t  al . 

( 1 964 ) , was ob tained for invos tigtlti on. 

Culture conditions used for the growth of B . nego.teriuo nre 

given in the Experiocntal He thods Section ( 2 . 43) . Before 

proceeding vli th a s tudy of tho effect of do this tronin on this 

nutant an inves tigation of i ts thyoine roquirouent "\'f2..S under-

significant differences woro found in the grmvth of cultures 

lGcking an exogenous supply o f  thyoine or thynidine and those 

supplied with a range of conc entrati ons of either conpound. In 
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spite o f  the inability to demonstrate an exogenouq thymine requirement , 

the suitability of the mutant s train purported to be B . megat8riUI!! KMT ·-

was further investigated � :·i!. thi s variant of B .megaterium KM was the 

experimental organism used for the remainder of this study. 

3 . 42 1  Effect o f  dothistromin o n  growth of B . megaterium KN 

The effect of dothistromin on growth of this organism vlas studied 

to establish inhibitory levels of the toxin and representative growth 

curves are shown in Fig. 25 . It  can be seen that this strain of 

B .megaterium is very sensitive to the t oxin vTi th dothistromin : cell 

number ratios required for inhibition being of the order of 0 . 25 �g/ 

cell X 1 o8 , as compared with 2 . 0 }J-g/ cell X 1 o8 for Chlorella and 

250 g_ cell x 1 08 :f_or  yeast • . However , • epterium is a smaller or='��Jii.� 

than yeast or Chlorel , and C OIIP&rison on the bas is of 

would be more accurate .  

3 . 422 Uptake of precursors by B. megaterium �� 

An investigation was made of the levels  of �ncorporation of 

labelled precursors into ethanol-insoluble residues of B . megaterium �l. 

Aliquots ( 5cm3 ) of a culture in the log-phase were incubated with the 

precursors; 3H-thymidine , 1 0? Ci/ assay ;  3H-uridine , 1 0 p..Ci/ assay and 
1 4C-phenylalanine , 0 . 2 .� Ci/assay. Label incorporation was arrested 

by the addition of hot ethanol at 5 min. intervals over a total 

labelling period of 2 5 min. Residues after the hot ethanol 

extraction procedure were subsequently resuspended in 5o% ethanol 
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F I G U R E  25: G R OWTH C U RVES FOR B. MEGA TERIUM KM SHOW I N G  I N H I B I TO R Y  E F F ECT 

OF DOTH ISTROM I N .  

Doth istromin added a s  an ethyl  acetate solution at the beg inn ing of the growth period . 

Dothistromin :cell no.  ratios :- 0 . 1 ,  0 .25, 0 .5 I.Lg/ce l l  x 1 0  g 

tO '------+--­s 1 0  1 5  

Control (ethyl acetate @ 0.1 %, v :v )  

Dothistromin @ 0.1  J.lg/cm3 

Doth istromin @ 0.25 J.lg/cm3 

Doth istromin @ 0.5 J.1g/cm3 

20 
t imefh r  
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and an aliquot of each taken for counti �1g. Some of the samples were 

extracted according to the Schmidt-Thannhauser procedure to determine 

the lubel distribution for each precursor and these result s are given 

in Table 1 2 . 

Incorporation of 3H-uridine and 1 4C-phenylalanine was found to 

be very rapid , reaching levels  of 80 , 000 cpm and 40 , 000 cpm 

respectively in 5 min. After this time there 1>1[\S very little 

increase in incorporation over the 1vhole labelliY'. ;  period. A high 

rate of incorporation 1vas obs erved for 3H-thymidine as well ,  although 

the level of incorporation was lower ( 2 , 000 cpm in 5 min) . 

Analysis of label distribution in the cellular components showed 

that the incorporation of 3H-uridine was mainly into tho RNA-containing 

fraction. 3H-Thymidine incorporation appeared to be less specific ,  

with approximately 1 5% of the t otal label incorporated into the 

ethanol-insoluble material being in the DNA fraction. The 

1 4C-phenylalanine obviously undergoes  partial metabolism and a 

substantial portion of the 1 4c incorporated is recovered in the 

alkali-soluble material . In all subsequent work the hot ethanol 

residues r,rere routinely extracted and aliquots of the result ing 

fracti ons c ounted so that incorporation into specific fractions was 

counted. Evidence that the isotope is present as incorporated 

precursor in the appropriate fraction is  given in Section 2 . 65 .  
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T&ble 1 2 . Distribution of label in cellular fractions of 
B . megaterium . 

FRACTIONS 
_, __ -:---:-:---Acid-labile Residue 

SAHPLE 
•'tAlkali-labile 

Acid Soluble ( RNA-contain­
ing) 

(DEA-contnin- ( rrotcin-
ing) containing) 

3H-Uridine : 

I 
II 

5 .  ce,; 
7r.' , v  

85�o 
1 oaY: 

1 2j; 
1 o;0 

3H-Thymidine : 

I 

II  
2lf;'> 

27';C. 
34;k: 

3o;:=: 
1 SCfo 2% 
1 2j; 2;-s 

1 1 4C-Phenylalanine : 

I 
I I  

67% 
63}; 

Fractions from Schmidt-Thannhauser extraction procedure ( Section 2 . 5 1 1 )  

- counts expressed as percentage of  to tal incorporation into residues 

after hot ethanol extraction. 

5 cm3 B . megaterium culture incubated with isotopes . 
3H-uridine at 1 0 ,u-Ci ; 3H-thymidine at 1 0 JA-Ci , 1 4C-phenylalanine 

at 0 .  2 J.A Ci . 

* This fraction will also contain alkali-soluble material including 

low molecular-weight pro teins . 
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3 . 423 Preliminary Inve stigation of Precursor Incorporation in  

the presence of dothistromin 

The very rapid incorporation of label into the macromolecular 

constituents of thi s micro-organism result s in rapid exhaustion of 

the trac·e amounts of precursor added nnd , because of thi s ,  non-linear 

incorporation is observed . To overcome this problem unlabelled 

carrier 1·ras added in sufficient quantity to enable linear incorporation 

of isotope over the longer period required for dothis tromin inhibiti on 

to be evident .  

In  the initial experiments following the incorporation o f  th e  

3H-uridine label into the RNA-containing fraction, unlabelled carrier 

uridine was added to each 5cm3 assay to dilute the added l:lbel  by Y1 0th 
(3H-uridine , 5 )-LCi/assay ; carrier uridine , 2 . 5 X 1 0-9 mole s/assay) . 

For one series of assays the system was preincubated with dothi stromin 

(0 . 1 fLg/cm3 ) for 1 0  min before the additi on of the labelled precursor 

and carrier. In a second series  there 1-;as no preincubation peri od,  

the labelled precursor and carrier being added immediately after the 

addition of the t oxin .  The time courses o f  label incorpo,ration in 

these experiment s are shovm graphical ly in Fig. 26 . Use of unlabelled 

carrier compound gave linear incorporati on rates over the 20 min .  

labelling period for both assay series . In the series  preincubated 

with dothistromin inhibit ion of 3H-uridine incorporation was evident 

in the 1 0  min sample , but no signifi cant difference in label incorporation 

could be seen in the assay series where there was no preincurotion per·:_!/ 'd.  
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F I G U R E  26: E F F ECT O F  P R E I N C U BATION ON DOTH ISTROM I N  I N H I B I TION O F  3H -U R I D I N E  

INCORPORATION 

Control • • 

Dothi stromin 8 8 

M I 0 
X 
E c. (.J 

M I 0 
X 
E 
c. <.> 

30 

20 

10 

30 

20 

10 

a) No Preincubation 

10 15 20 
time/m ins 

b)  10 Min.  Preincu bation 

10 15 20 
timefm ins 

(3H -u rid ine @ 5 llCi/assay ; carrier uridine @ 2.5 x 1 0-9 moles/assay ; dothi strom in @ 0 . 1  llQ/cm3l 
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Further experiment s were c a.rried out where the length of the 

preincubation time '"i th toxin vms altered and the c oncentration of 

dothistromin varied . The de�-ree of inhibit ion of 3H-uridine 

incorporation observed increased c.s �he preincubation period �>ms 

lengthened and as  the concentration of dothistromin increased. 

Howeve r, an experimental system which includes preincubation ,v:t th 

the inhibi tor makes it  diffi cult  to dc,fine the early time-course of 

inhibition of precursor incorporation into the cellular macromolecules 

and to study the immediate effects of the toxin, a primary interest 

of this work . Therefore . an alternative approach using higher 

concentrations of t oxin was adopted to enhance the rapidity of 

penetration of the t oxin. 

The experinental label ling sys ter1 used in all experinents so 

far described has involved the extraction of an entire 5 cn3 assay 

at e �ch tine interval . �nch tine course therofore required n nunber 

of  replicate assays . one for e.?..ch tined sanple . A conpnrison \YnS nadc 

botw•Jen this nethod of Si1Dpling D.nd one in \'fhich 1 cr:13 aliquots  vTero 

vli thdrawn fron a single n.ssny at cnch tine intorvnl . (:F'or o. detailed 

description soo Experinental I"ic:thods , Section 2 . 64 ) . Sru.1pling in the 

latter systen is a far nore rapid procedure and allows sru1pling at 

closely tined intervals . Conponents of both systons were added to 

gi V G  the srn-1e final concentrntions eH-uridine , 1 ;;-- Ci/ cn3 ; carri er 

uridine , 0. 5 X 1 0-9 noles/cn3 ; dothistronin, 0. 2]Lg/cn3 ; no 
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preincubGtion with toxin. ) The resul ta obtr:.inGd Gre: sho1m in 

Fig. 27 . This conpr"-rison shmwd sinil-o.r inhibition effects 1ii th 

both nGthods nnd est : .blishod th: .t the levels of lGbel prusent in 

cnch 1 co3 nliquot tn.kcn in the.: l<'- ttor assny sys tl.::. :ere ndequnte 

for the purposes of these �Jxporir:cnts . This nssGy technique wns 

usod for the roLe>.inJ.er of this research. 

To establish tho dos8-rosponse rolC'.tionship batwoon 

dothistronin concentration nnd doer�e of inhibition of uridinc 

incorporation nn exporincnt vr�s c:�rri e:d out in ;-;hich 3H-uriuine 

incorpornti on wns followed in the presence of incr8nsing conccntr<'- ti ons 

of do this tronin. .l\.liquots ( 1 c:}) wero vli thdrr.1m fro!:l 1 Ocr} nssnys 

nt 5 ein intorvnls ovor n 20 oin l.'1belline period . The followine 

levels of precursor nnd dothist ·· onin -vwro used : \:r-uridine , 

1 fi..Ci/cn3 ; c.'�rrier uridino , 0 . 2 5  X 1 0-9 r.10les/cn\ do this trooin, 0 . 1,4g/cm3 -

1 . 0 }-t g/cn3 giving do this trooin : cell nunbor r:<.tios of the order of 

H.osul ts r,re; shovm in Tnb lo 1 3. These 

cler.rly shm"i'c d nn incr8nso in the degree of inhibition of  incorporo. ti on 

lii th incrcnsing concentr�tions of do thistronin. The us e of 

unlc.bellod ccrricr r:,nvG liner.r uptakes over the l .':l.bolling period . 

Prolinin.n.ry oxporimmts wi th 3H-thynidine Dnd 1 4c-phcmylnlnnine 

est.-:cblished the conditions nocessc.ry for liner:.r incorporati on ov<:r 

a 2 5  nin period  (Fig. 28) . The linearity of 3H-thynidine 



FIGU R E  27 : COMPA R I SON O F  ASSAY TEC H N I QU ES 
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F I GU R E  28:  PR E L I M I NA R Y  LABE L L I N G  O F  B. MEGA TER I UM KM. 
3H-Thymidine and 14C-Phenylalanine. 
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Table 1 3. Inhibition of 3H-uridine incorporation by 
increasing concentrations of dothis tromin. 

jDothistromi� Dothistromin : cell no . Rate 
- JJ.g/cm3 _.u.g/ ce 1 1  X 1 08 cpm 

CONTROL ( o) 0 1 25 

0. 1 0 0 . 01 6 1 00 
0. 25 0. 042 80 
0 . 50 0 . 083 66 
0 . 7 5  0. 1 25 0 
1 .  00 0. 1 66 0 

% I nhibition 

0 

20 

36 
47 

1 00 
1 00 

Standard aliquots of 1 cm3 were withdrawn from 1 0  cm3 assays at 
5 min intervals over 20 min labelling peri od .  

Where rate of incorporation was non-linear rates have been 
determined from a tangent to the curve over the 5-1 0 min 
period. 

Assays contained 3H-uridine at 1 �Ci/cm3 ; carrier uridine at 
0 . 25  X 1 0-9 moles/cm3 ; do thistromin at the concentrations 
indicated.  

132. 
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. ( -1r 
I 

3 ) 
phenylal �r. �no 2 . 6  X 1 0  nol o s  cn to the nssny �xtonded the 

period over \vhi ch l inear incorporo..tion oc curred. 

3 . 43 Conpc..ri son of tho Ef fec ts of Do thi s trooin and Antib i o ti c s  

o n  Precursor Incorporc'. ti on by B . ooe;: �t eriun la'! 

Synchronous cul turo GxporinGnts r�nd label ling s tud ios w i th 

Chlorello. p.yrGnoidosa es tablished thn t  d o thi n troDin inhib i t s  RNl� 

:'.nd pro tein synthe s is . Howovur. the nnture of the oxp(;rioental 

sys ten used n�do it difficul t to dot ornino unequivo c2lly the 

nr(;as of netGbolisn aff e c t e d  or tho tine coursG of inhib i ti on. 

Tho pr elininnry work with B. nego..tGriuo KM reported in thi s s tudy 

showed tho. t i t  was a noro sui t!"'.ble o rgnni sn for experiormts of 

this nature . \'Ji th i t  the effects of anti biotics on the 

incorporati on of pr ecursors into c el l  conponents woro conpnred 

wi th tho s e  of do thi strooin. Tho antibiotics usod c..nd their 

sugges ted nodes of nction were ns follmvs : 

Chloraopheni c o l  i s  an inhibitor of pr o tein synthesis in 

pro oo.ryotic sys toQ s , binding to the 50 S subu·nit of the 

bac t eri al rib os ooe . 

ll.c tinooycin D binds 1vi th do ublo-s tro.ndocl holicnl mu. 

nnd int erferes wi th DliU\.-do pondont RNA synthesis . 

Mitooycin C is  nn nlkylnt ing agent which binds c ovalontly 

with the DNA nolecule and preferentially inhibi ts DN!. 

synthes is . 
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Inhibitory levels for each antibiotic were established by 

deteri!lining gro�tl'th curves for B . megateriu.TTI cultured in the presenc e  

o f  each inhibitor ( Fig. 29 ) . FroH labelling studies the effect of 

these coi!lpounds on precursor incorporation into RNA , DNA u.nd protein 

was then established . The procedure used for incorporation studies 

is detailed in Experimental M8thods , Section 2 . 64 . Assay systems 

included : 3H-uridine , 1 JUL Ci/cm3 ; carrier uridine , 0 . 2 5  X 1 0-9 

moles/ cm3 ; 3H-thymidine , 3 . 3 ).A.Ci/ ci!l3 ; 1 4C-phenylalanine , 

0 . 03 ,=-t Ci/cm3 ; carrier phenylalanine , 2 . 6  X 1 0- 1 0 moles/cm3 • The 

results of these experiment s  are shown graphically in Figs . 30,  3 1 

and 32 .  The scatter of points on these graphs result s from 

inevitable losses incurred during the Schflidt-Thannhauser extraction 

procedure. As noted earlier ( Section 2 . 65  ) ,  the use of this 

procedure is nece ssary to ensure that the label incorporntion 

measured is in fact incorporation into the appropriate macrooolecular 

fraction. 

i ) . Comparison of Chloramphenicol and Dothistromin 

The effects of chloramphenicol and dothistromin on growth and 

on incorporation of 1 4c-phenylnlnnine and 3H-uridine were studied . 

Chloramphenicol is known to be an inhibitor of protein synthesis 

in procaryotes and exerts its effects  by binding to the 50S subunit 

of the 70S bacterial ribosome (Hahn, 

antibiotic ( 5 � g/cm3 ) to cultures of 

1 967) . Addition of this 

B. megaterium Kill in the log-



F I G U R E  29 : GR OWTH CURVES O F  B. MEGA TERIUM KM ESTA B L I SH I N G  G R OWTH I N H I B I TO R Y  
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phase of growth resulted in growth inhibiti on which became obvious 

after approxi�ately 4hr . exposure to the c o�pound . Dothistronin, at 

the snme stage of growth, caused a more rapid inhibit ion at 0 .  2 }J gj cm3 

and very marked inhi bi ti on vrns o bs8rved at 1 • 0 ;-tg/ cm3 • 

At a growth inhibitory c oncentrati on of 5 Jvlg/ cm3 , chloramphenicol 

inhibition of 1 4C-phenylnlanine incorporation into the protein 

fraction was marked in the 4 min. sample . (Fig. 30d ) . The increased 

rate of incorporation of 3H-uridine (Fig. 30b ) observed in the presence 

of chloramphenicol is  also  apparent in the 4 min sample . Thi s 

apparent increase in the rate of .'i.N 'l. synthesis observed after 

administration of chloramphenicol is  a well-documented effect of 

the antibiotic ascribed to the protection of  ribosome-bound � RNA 

from degradation and t he accumulation of r RNA precursors (Vazquez ,  

1 966 ) .  In c omparison, dothistromin at a growth inhibi to ry concen-

tration ( 0 . 2 � g/cm3 ) inhibits 3H-uridine incorporation into the RNA 

fraction, signif icant irulib it ion be ing apparent in the 6 min sample 

(Fig. 30a ) but the iru1ibit ion of 1 4C-phenylalanine incorporati on is 

not evident until later (Fig. 30c ) .  These results would sugg.es-t 

that the grOi'rth inhibition observed for the se two compounds is rl_ue 

to illilibition of  different biosynthetic pro cesses at diff�rent 

site s .  

ii ) . Comparison of Actinomycin D and Dothistromin 

The effects of actinomycin D and dothistromin on growth and on 

the incorporation o f  3H-uridi ne were studie d. 
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FIGUR E 30 :  E F F ECTS OF DOTH ISTROM IN AND CHLORAMPHEN ICOL ON PR ECURSOR 
INCORPORATION 
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Actinomycin D is  n cycli c ,  polypeptide-containing antibiotic 

which binds tightly to double-stranded, helical DNA. Stucliee of this 

binding in solut ion, by x-ray crys tallography of the actino�ycin­

deoxyguanosine complex and by construction of models of the 

ac tinoByc in-DNi1 complex , suggest tho. t the eye li c ac tinoaycin 

chronuphore intercalates between the base pai r  d G - d C, with the 

peptide chains lyin in the lesser groove of helical DNA and hydrogen 

bonding to deoxyb�ano sine residues of oppo site chains ( S obell ,  1 973 ; 

see also Reich and Goldberg, 1 964 ; Reich et al . ,  1 967 ) . 

By addition of t he antibi otic to cul tures in the log-phase  

of erowth, it was established that actinomycin D is  growth i�ibitory 

at 0 .  5 )J-g/ cm3 ( Fig. 29 ) .  This inhibition �vas more rapidly expre ssed 

when actinomycin D ems added to give a final concentrati on of 

Inhibiti on of growth at this concentration was 

apparent 3 hours afte r admini stration. At these same concentrations 

do thistromin inhibi ted growth of log-phase cultures with in 2 hours 

(Fig. 34 ) . 

Actinomycin D ( 1 . 0 JL g/cm3 ) exerted a very rapid inhibitory effect 

on RNA synthesis as shown by the very low incorporation of 3H-urid.ine 

in the presence of the antibiotic ( Fig. 3 1 ) . The lower rate  of label 

incorporation with actinomycin D already evident in the 2 min sample 

is very marked in the sample taken at 4 min. When dothistromin was 

added at a comparable c oncentration ( 1 . 0p. g/cm3 ) the resultant 



FIGURE 31 : E F F ECT O F  DOTH ISTROM I N  AND ACTI N OMYC I N  D ON PRECU RSOR 

I NCORPORATION 
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inhibition of 3H-uridine incorporation was not as rapid (Fig. 3 1 ) . 

The degree of inhibition in the 1 0  min sample at this c oncentrati on 

of dothistromin was greater them when the t oxin vm.s adninistered 

Thi s suggests  that the delayed inhibiti on by 

do thistromin may be due to its  slovr penetration into the cell .  The 

effects of actinomycin D on the incorporation of 1 4C-phenylalanine 

and 3H-thymmdine in this experir.:lental system 1rere not inve stigated. 

iii ) . Compp.rison of fh tomycin C and Dothistromin 

Growth inhibit ions and incorporation s tudies  with 3H-thymi dine 

and 3H-uridine were carried out in the presence of mitomycin C and 

dothistromin. 

Mitomycin C is reduced in vivo to form an active bifunc tional 

alkylating agent w·hich preferentially inhibi ts the DW\-dependent 

synthesis  of DNA . binding covalently with the DN.A_ molecu le and 

causing irreversible chrmges ( S zybalski and -�yer , 1 967 ;  see  also 

Kersten and Kersten, 1 969 ) .  Inhibi tion of RNA synthe sis  and of 

enzyme induction occur much later than the mitooycin-induced 

suppre ssion of DNA synthesis and are c onsidered to be secondary 

effects  related to alterations of DNA structure caused by mitomycin. 

From growth inhibition studies ,  it  was shown that mitomycin at 

5 p  ... g/cm3 i s  an effective inhibitor. The inhibitory effect was 

clear 3 hours after addition of the antibiotic to log-phase cultures 

of B .megaterium KM (Fig. 29 ) .  

A c omparis on of the effects  of mitomycin and dothistromin on 
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FIGURE 32: E F FECT O F  DOTHISTROM I N  AND M I TOMYC I N  C ON PRECURSOR 
I NCORPORATI ON 
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the incorpora �ion of lnb8lled precursors i s  sh01m in Fig . 32 . l'U tomyci n C 

at 5 ;J..g/ cm3 effectiv ely inl1i bited the incorpordion o f  3a-thyr..1idine 

into the DNA fraction c.ft er 1 5  nin exposure to the �mtibiotic . At 

this same c oncentration the c or.1pound had no signific .<::nt  effect on 

3r::r · di · t ·  l-Url ne lncorporn lon. Dothistromin, on the other lK•.nd , hi:l.s VGI"'J 

little effec t  on 3H-thynidino incorporation but is an effective 

inhibitor of 3n-uddine incorpor'J.tion. Thus it can be s2id thnt 

different mechnnisns are invo lved in grm'lth inhibiti on by these 

two substances . 

From these comparntiv9 studies ,  it is  nppnrent that the site of 

dothistromin inhibit ion in this  syster.J. differs from those of 

chloramphenicol end mitomycin C . �ne effects of dothis tromin are 

first evident on the incorporation of 3H-uridine . Thi s inhibit ion, 

at about 1 0  min, is follovTed b.tcr by inhibit ion of 1 4C-phenylnlanine 

incorporation into the protein fraction. This vrould suggest that the 

primary site  of dothis tromin i s  nt the transcriptionr.l level ,  

impairing the synthesis o f  �l� . The effect  of dothistronin on 

3H-uridine inco rporation is  similar to that observed for actinomycin D ,  



3 . 44 Comparison of  t he effecj;_9 of dothistromir. \'lith those of 

related compounds 

1 43 

The structural relo.tionship between dothistrOLlin and the fungal 

toxins , o.fl::l. toxin a...."ld steri;3'Ir..t.'l tocystin, 1-fO.S discussed in the 

introductory section of this thesis (Section 1 . 22 ) • The 

structures of these metabolites tc.re givon in Figs 2 and 3 .  The se 

are all heterocyclic compounds fused to o. bi furnn ring noiety and 

it has been suggested t�t the unsaturated bifuran system nay be 

related to the t oxic ity obs erved . The nfl atoxin B 1 molecule 

contains the unsaturated dihyccrobifuran ring syste� shovm i n  Fig. 33 . 

This same unsaturated "lOie-!;y i s  prG s e nt in st 8 rigmnt ocys tin nn d in 

the dothistromj.n derivative shown in Pig. 33 . Dothistromin it self 

contains t he satura t e d  hemi ac etal de rivativ e  of the bifuran moiety; 

thie  feature appears to nullify toxicity in the aflatoxin group of 

fungal metabo lites . 

In an attempt t o  define possible mechan is�s of action related 

to structure , the four fungal metabolites aflatoxin B1 , sterigmo.tocystin, 

dothistromin and its vinyl-ether derivative ,  were added in ethyl-acetate 

solution to cultures of B . megateriun KM in the log-phase of gro\·rth iD estab-

lim thu growth inr.:..bi to:::y concentrations of each. The resulting growth 

curves are given in Fig . 34 . Aflatoxin B1 was growth inhibitory at 

5 r g/cm3 , with inhibit ion evident 3 hours after the additi on of the 

toxin to the culture . Sterigmatocystin had ve ry little effect on 

gro�rth at 5 . 0 fJ--g/ cm3 or 1 0 . 0  Hg/ cm3 • The do thistromin derivative 
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induced grow·th inhibit ion at 5 .  0 J-.�g/ cm3 , a level 1 0 times higher 

than that o f  dothistromin it self. In the s a�e experimental system 

dothi stromin iG inhibitory ::-.t 0. 2 )J-g/cn3 • These differences in 

inhibitory levels may be rel ��ted to lo11r s olubilitios of those 

compounds in aqueous solutions . 

Tho effect s of aflatoxin B1 nnd of sterigrl.:.;tocystin on 

3H-urid ine incorporation 11wre inve stigated  in the lnbell ine nssay 

as previously described . The result s obtained are shovm in Fig. 35 . 

ltt a final concentration of 5 . 0 }-lg/cm3 , a concentration shown to be 

growth inhibitory,  aflatoxin B1 ir�ibited inco rporation of 3H-uridine 

into the RNA fraction over th(� first 1 0  min but the subsequent rate 

6f incorpo ration was similar to that of th 8 control . Sterigmatocystin 

had no effect on 3H-uridine incorporation in this experinental system . 

Under these conditions dothistromin, at 0. 2 }-lg/ cm3 , m:trkedly inhibits 

incorporation of this  labelled pr2cursor into the RNA frac tion 

(Fig. 35b ) .  

Hmrever ,  although the incorporation of 3H-uridine appears to 

be much less sensit ive to  these o ther mycotoxins than it  is to  

dothistromin, the compounds have low solubiliti es in aqueous 

soluti on and no study \'ms made of the actual amount of each compound 

in solution when added to the cultures as ethyl acetat e  solutions . 

Further experiments would be required before c omparative effects 

could be defined in more detail . 



FIGURE 35:  E F F ECT OF AF LATOX I N  AND STE R I GMATOCYST I N  ON PRECU RSOR 
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4.  DIS CUS S I ON AND CONCLUSI ONS 
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Thi s the si s .ras concerned 1·1"i t h  a:1. i nve stiga t ion o f  the t oxic 

effe c t s  o f  dothistromin o n  cell ljrO>·rth a11d me tabo li sm in order to 

a s s e s s  the po s sibl e involvement of thi s c ompound in dothistrominal 

bl ight of the Pinus spp . Do thi s t romin 1..ras i s o lated and chemi cally 

chara c t e r i z e d  by Ba s s e t t  et a l . ( 1 970) and i t s  molecular s t ruc ture 

shovm to be that given in Fi g . 1 ( I ) . A bioa ssay u t i l i zing 

Chl o r e l l a  pyreno i dosa had been ,_w ed t o  follmv the toxi c  princ iple 

through out the i solati on and purifi cation of the compound . Thi s  

grm-rth inhi b i tory effe c t  on Chl ore l la was a l l  that Has lmovm of 

the t ox i c i ty of the c ow p ound a t  th8 out s e t  of the present inve st igat i o n .  

The s triking s t ru c tural s imi L:,.ri t v  o f  do thi st romin t o  the knovm 

myc o t o xins , aflat oxin and. sterigmatocy,·· tin, s·u.gge s t e cl thut the se 

c ompounds may l•rell act in a s imi lar '\vay . The re search effort that 

has been d evoted to the s h1dy of the aflatoxin group of fungal 

metabo l i t e s  has provided usefu l  guideline s in i nve s t iga t ing the 

possible mode of a c t ion of do thi s tromin . 

4 . 1 GROHTII INHIBITI ON OF :r.'iiCRO-ORGANISMS 

Al though thi s  i nv e s t igation was aimed at a s s e s s i ng the possible 

invo lvement of dothi s t romin a s  a phyto t oxic fac t o r  i n  do thistromal 

b l i ght of Pinus spp. , the exp erimental work vm s conc e rned 1·rith 

s tudying the effec t s  of the c ompound in mi c ro-o rgani sms . Direct 



1 49 . 

extrapolation from results obtained in this Hay to events "1-Thich 

may be occurring in the pine is no t valid and has no t been att empt ed . 

Hovrever the use of  pine ma terinl ( seedlings and/ or t i ssue cultures ) 

fo r experiments of  this tY}JC poses many problems since one is 

dealing ..vi th a complex system about 'iJhich little is knoun . By 

using simpler and b e t t e r  do cument e d  expe r imental sy s t ems , thi s 

research has established the areas of microbial me taboli sm affe c t e d  

by do thi s t romin and should provide the basis of further worl-:: in pine 

seedlings or tissue cul tures .  

4 . 1 1  Agar-Plate Bioassaz 

This investigation reveale d that d o th i s t romin inhi b i t ed 

thu {.Srowth of n rr.mge of  nicro-orcnnisns , both :procc.ryo ti c rend 

aucc.ryotic ,  indicating thn.t the conpound co.n function ns n gene ral 

growth inhib itor �nd i s  ns t s pa c i f i c � l ly inhibi tory to �ny ono 

class of nicro-organisn. Hm·rev0r� the.; .�eGr- pl ate bioc-.sso.y nothocl 

used in theso studies sho\'lGd th�ct n.."l.ong the ui c ro-orgc.ni sns tes ted 

there 1-.rns e difforontial s ens i tivi ty to the toxin, with gran­

positive bacterin, in gon ,_rc.], being noro sensitive thn.n those 

which wore gran-negntivo. Si:-1il<'..r differential responses havo been 

notecl for o ther inhibi tory conpoumls , for exn:_<plo the quinones 

(lilobb, 1 966 ) ond aflatoxin ( Burneis tor and Hess• , ltino , 1 966 ) . The 
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ugnr-pl o.te bi o::.s s ny indic c.tod thr.t , of the ni c ro-orc[mi sos s tudi G d ,  

Chlo rellu pyrenoidos n wns np p.?.r<:mtly the no s t  sensi tive 9  shovrine 

the l arGest z ones of inhi biti on. Howov8r, es noted in S e c ti on 3 . 1 , ,  

cuution ous t  bo exorcised in wr.king c owp::.ris ons b u vNeon diffe rent 

o rcr:.nisos bc.sed on rosul t s  ob t.�:ineu i.r. thi s type of bi oo.sso.y sys ten. 

The s i z e  of the zones obs orvcl cvill de pend no t  only on the o rganisn 

and i ts sus co ptib i li ty to thl; toxin , but o.ls o  on tho grov:th r2.te 

of tho o rg.:misn, the rate o f  diffusi on of thG toxin o.nd i t:J s tnbili ty 

in tho oo diun , fc; c tors which in turn will be [lff ec tocl by the 

physi c::.l c ond i t i ons required by the o rg.::misn for gr0wth . For tho se 

ro�:sons i t  is di ffi cul t t o  n0kv coop:�ris ono 1vi th l:Jublis ho d  ivork 

on o ther i--:yco toxins . Hovwvor it is of in t c..ros t to no tc th:'. t 

Cl onents ( 1 968) , in devel oping re r::.pi c!. nr;2r-plc.cto Llo thod of bic:::tsso.y 

for ,".flc. toxin , f ound tha t  Bacil lus r.10gn t o riun (NRRL-B-1 368) wcs 

s ensi tive t o ns l i t tl e  ns 1 ;;.- g 0fL:.toxin B1 c.ppliec1 to the o.,:;".r on 

nn anti biotic di sc ( di<:m . 6nn) . I n  ::,.g:.H-pl['. tro; bio.:-csso.ys f or 

dot�i s tronin, B . negc. toriw:.:; IiJ.l v'lC'.s f ound to b e:  inhibi tod by 25 p.g 

of the toxin. S inc e the do this trooin 1·m s :cpplied on a d i s c  of 

dinn. 1 3  IJD the t oxin 1vould hr.vo been effe c t ively diluted ovo r ::m 

rcren oore tho.n f our tines ns lnrgo ns thn t usod by Cl ononts . 

Sulli vnn and Iknwa ( 1 972 )  surveyed the erovrth inhibi t i on of five 

s trnins of Chlorelln by oyc o toxins nnd found thnt the four strnins 

of Chlore lln pyrenoidosn exnr.ri.nocl i're r e  sensi t ive t o  o.fln toxin B1 n t 

20 �lg/6DD dino. o.ntibio tic disc . Thus 1othis trooin s hows an npp�rent 
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toxi c i ty in o.gn.r-plnte bioo.ssny over n sinilnr rnngG of conc en-

trn ti ons o.s thnt r8portod for the �flo.t oxins . Inves tigation of 

s torigno. tocystin toxicity using ni crobi ologi cnl nssnys showed 

th:1t the conpound uhen nddcd to the o.ssnys n.t 1 00 ftg"/nntibi o t i c  

di s c  br'.d no nppo.ront eff e c t  on tho grow th of the ui cro-orgnnisns 

s tudied (Lil l ehoj o.nd Ci egler9  1 968) . 

4. 1 2  Inhibition of Mic ro-orgo.ni sns in liquid cultures 

The s tucly of the eff e c t s  of dothi s tronin on Chl orello. grovm 

in l i quid cul tures showed that the toxin VH"'. S e ffocti vc in inhibiting 

grov<th L:.t c onc cmtrntions of -�he o rcler o f  1 fA. c;/cn3 • Ho1-wvor the 

rc.tio of c oncentro..ti on in the :Jecliur:: to the nc1ount of cell n'lt 8 rir'..l 

i n  the cul turo is .n. oo ro usGful bo..sis for conp::ring the s cnsi ti vi tics 

of different o rgnni sus . Grovrth inhibi t i on o ccurrotl c.t n 

do thi s tronin c onc entra ti on : coll nur.:bor r:-:ti o of the order of 

2 . 0 ,.u .. g/coll X 1 08 (2 . 0  X 1 0- 1 4  .g/co ll ) for Chlorol l11 . I t  vro.s f ound 

t hnt c. value of the order of 750 u c/ccll X 1 08 wns requirod to 
I 

inhibit the growth of yons t (Sncchc.ronyces c c revis ino ) in liquid 

cul ture , whereas tho growth of the vnrinnt strnin of B . negnt eriun KM , 

under sinilnr conditi ons , wJ.s effectively inhibi ted nt  n ratio of 

Thus, in liquid culturo, D. nogntoriun ro� is 

s oon to be considerably noro s ensi tive to do thistronin than Chlorella. 
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Thero is li ttlo inforrK·, tion on i1Ll-J.ibi tory lcv..;ls o f  rel::1tod 

uyc o t oxins since r:mch of thu 1·1o rk on tho bi oloc;i ccl r.c ti vi ty of 

the s e  cc;1pounds Ggc..ins t uicro-crgnnisr:cs hc.s us od ngcr-pln t o 

tochni qu c s . Howover 9 .",fl'i.texin B1 :'.t 3 .f 3 ).J- g/c!�l3 resulted i n n 

docrt::ns o:l growth r r:te for B. !J0r;.:1tcriun ( NRRL-B-1 368 ) , Givi ng 2. 

gc:;ncr·n ti on tine o f  75 D.in ns COl ' JY' rc. cl Hi th 20 uin f o r  the c ontrol 

cul turc , <::.nd produced no ri_)hol ogi c c.lly D.bnornnl fe rns ( Bec.uchc t n.nd 

Lo cho\-Ti ch , 1 971 r:'.. , 1 971 b) ; nnd the e;rmvth of E . Coli in nodiun 

3 cont .'lii!in.cs c.flntoxin B.. c,t 5 ,�-�_ _ _g/ CL>. produced .:::.'b c rrnnt fi l.:::.;:,1on tous 
I 

colls (Wrngg e t  nl • •  1 967 ) . The c onc cnt ro.ti ons of dothi s tronin 

found to b0 nc c o s s c..ry tc. produ c e  crmvth inhibiti on in l i quid 

cul tur c  c.rl.. in the� sc.nc r.�ngG :-'..S those rel)Or t ed r�f l :::.tox in c onc on-

t ro.ti ons fl l thout;h , in the nbsrmco of d:.tc. on the rnti o of toxin 

concontrnti ::m : coll nun'b or for o th0r uyc o toxins , it is difficult 

to conpnrc thi.:J resul ts of diffuront vrorkEJrs . 

A proli::J.inary invos tig:-tti on wns ne.do o f the gro�orth inhibi t o ry 

c oncentrati ons of �tflr�toxin B1 .:1nd s tcrig-Lwto cystin for B . ::wgc..te riun 

KI"l. Afla toxin B1 1'1118 grcvith inhib i tory n t  n t oxin c oncontrntion 

cell nunber ratio of the ordor of 2 . 0 ,u. g/col l X 1 08 
nnd , nt a. 

s inilnr rcti o ,  s torigc.:�tocys tin had very little e ff e c t . Unde r  t he 

sane c ondi ti ons do thistro uin wc:.s growth inhibi tory .::1 t 0 . 2  � g/ccll X 1 0
8

• 

However ,  no s tudy vms nndc of tho eff e c tiveness of t he nethods us od 

to add thos e  two fungal nvtabolitos to aqueous so luti on� . Sinc e  
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bo th conpounds hnvo vory lmv solubili tios in r.quoous solutions , it 

is possibl& tlw.t the; 8ffoctivo concontrc..ti on c.chioved in unch cns o 

11c.s less than the: cal culc.ted conc entr:.::.ti on. 

In liquid cul turo , <.�othistro!:lin appeared to rosul t in c., lc.e 

in grmvth followocl by recovc:ry !'.nd rosur21!tion of [c c;-rowth r:::.to 

coup�rnblo to th�t of tho control. Thi s lag-rocov._,ry phcmonenon 

1·rns lX'-rti culnrly no ti cor'.bl (; �ri th liquid cul turos cf Chl orcllr.:. . 

Thi s n:l.y no.:cn thn.t the toxin i s  L:o t:::boli zcd ty tho cell c.ncl th.:-.t 

pnth1-mys for do tcxifi co.tion exist ,  or c.t lol'.st i�1 the co.so of 

Chlorolln, it nny rosul t fro':J lit:;ht-inducod brunkdmm of the 

cor; pound. The I.lo re usunl rosponso obsorvod ui th <l ero•·•th inhibi tor 

is n concentr2.tion-deponclont dGcrcnsc in erowth ro.to . 

The lo1-r so lu'oili ty of do t11is tro12in in Ccquoous soluti ons vr.n.s a 

probleo that h�'ld to be circunvo:1t :.;d befor8 tht:J toxic offc.cts of the 

c oupound could be s tudied in liquid cul ture . 1\ny o.queous 

s olutions prop:lrGd vrore no t s t.�.blo,  n prucipi t::.to for:linG on 

s tnndine, n.nd this vTOulcl inclic<c.to thr!t  the 1 soluti ons 1 obt2.inod 

woro in fact very fine suspensions of precipitated d.othis tronin. 

To introduce reproducible nncl knmm C.!Jounts of dothis tronin into 

liquid cultures , the conpound wo.s nddo:i in ethyl ncotnto fron 

s tock solutions (usunlly of 1 D:S dc thistronin/cn3) . Ethyl 

ncet�te i tself showed inhibi tory effec ts on growth if fin2.l 

conc entrations cf grenter than 0 . 6/� (v/v) 1iWre rec.ched. Ho11evor, 

at the levels of dothistronin required for inhibition i t  was 
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possible t o  keep the o thyl ncetnto c onc entrati ons c. t sub-inhibi tory 

l evels . ltrJ.y do thi s t roDin-induced inhib i t i on observed wos c.lwc.ys 

coi::.p.':.red wi th the approp1·i:cte e thyl ..-:.c o tc.to c ontrol C'..s s ay . Ho wever, 

tho toxi c i ty of ne s t  o rgoni o s olvents t o  b i o logi cc.l sys tcns res tri c ts 

the rnnge of do this tror:in c onc e:ntr0..ti ons ovor which inhibi to ry 

eff e cts co.n bo s tudi ed c.nd , since s olvent to l ornncc will vary 

o:1ongs t oxporinonto.l o rgn.ni sr:s , i t  is no t n genern.lly nppli cab l o  

uothod of intro ducing the toxin . Obvi ously it wo ul d  be invaluable 

if nn al t o rnc.. tivo nethod were nvC'..il 1"'.bl o . I t  nny well bo pos s ible 

t o  prepnru derivc.. tivo s of dothi s tronin whic h  c.re noro vmt o r-s o lublc 

wi thout nl toring thG t oxic nature of the nol c cul e . 

invo s tig".tion of the f on_mti on of n nngnc siu::-1 chol .�_ to c o: 1plox of 

d o thistronin indicntccl tk: t  this c onpl ox is nuch nore s o lublu in 

equeous s olutions t hen the I_Xlrent conpound (Gc,l lo.c;her , 1 973 ) . The 

biological nc tivi ty of thi s conpl ex,  o. s such, hns no t bo on 

inv e s tigated bu t i t  noy well be forced in liquid cultures containing 

Mg++ as n nutri en t .  

4. 1 3  Inplicnti ons f o r  po tential guo.nti tntive bionssny 

Al though the developnent o f n qunnti tn tive bionssny for 

do this tronin 1-ms no t nn intenti onal p2rt o f  the present s tudy, 

s one of the obs ervati ons nnde in the c ours e  of inves tignting the 

effe cts of this conpound on the growth of oicro-orgnni sns nro of 

relevance to c.ny such nt tenpt . 
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Jt'ur ther invc s ti�·;. ti .)n o f  oe: tho ds of npplying tho toxin t o  

nssc.y plates c ould iuprovu the s ens i t ivi ty of the ag.�r-plc.to b i orws ny . 

Thu fil tor pc.pcr c.ntibi o t i c-cli s c s  c.ppcc.r t o  -�cls orb c:. perc entage of 

the toxin o .  ppli o d  c.nd nsults o bt<'.inocl in this inv �;s ti g:c. ti on i ndic o. to 

t hnt o. notho d of c.pplyints th'.J :2c.t oric.l dire c tly to tho agcr surf,� c o  

w oul d he feasible and would. ioprove the sens i tivi ty . Thv inhi bi ti on 

o f  gro�rth of !.ii c ro-O l'G<":ni SI2S in l i quid cul turo c ould well f o r::J the 

b2sis of c. quanti tn ti vc bi o :'.S S('.y . Th8 d o this tronin conc Emtn'. tion 

c o ll nur:::bcr rr. t i o s  clG rivccl fro!.! grmvth s tudi os usi nc: l i q_uid cul turc.�s 

I.1rovocl to be n useful index for :;redi c ting inhibi tory concontr:: ti om; 

of tlw toxin c;nd n s:� tisf::ct ory : :e ccns of C "i"l}J<'lrinG the: re.: la ti ve 

sus ceptibi li ti o s  o f  r:i c ro-org:-.nisos to do this tror�in-inclucecl 

i nhi b i  ti on. 

The li qui d- cul ture; typo of bio ::.ss c.y np po:: rs t o  bo noro 

s ensi tive . However, the si:.1pli c i  ty of the n��nr-pl!:'. to technique 

rot1.dily o.l l ows fo r tho s crooning of o.. nunbe r uf ! ·li c ro- orgnni s:..cn 

o r  for the pccrrlllol bi ons sr.y of o. lnrgo nu1 1bcr 0f sa;:::plcs . 'i.'ho 

l2.g-re c overy respons e t o  do this tronin obs erved 1vi th Chl orelln i n  

l i quid cul turo n::1.y prove: dif fi cul t  t o  nssoss quc..nti b. tivoly s ince 

the d·trn ti on of the lng period m1.y no t b o  dire c tly propor tionc..l t o  

toxin conc ontrntion nnd nay b e  affe c te d  b y  the light-induced 

b ronkdown of the toxin. The ins tnbility of d o thi s tronin i n  liGht 

wns sugges ted by _·e sul ts obtained f ron n prclininnry fluorino tri c 
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invos tie.::. tion of the agnr-plo. to bioas sny sys to:: . •  NothinG i s  knmm 

of the pos sible pho tocheni c.::.l-brc.'lkdmm products c.nc1 of th e wc.ys in 

1vhi ch these could o.ff e c t  tho over�1l l toxi c i ty of clo t his tror.:in . 

Sinc e tho fluo re: s conco of tho 1 cb thi s t ror-.in ,-,_e,�rs ' clecro.::.s o d  wi th 

incre:c.sing tiLlG of exposure to light , prcsuuo.bly so1::c al tero. ti on 

of tho nnthr.".qui noi clnl nucl eus oc curs on irrc>.dic.ti on, o.s thi s 

uo i o ty is large ly rosponsibl0 for tho observed fluoros conc e of 

tho t oxin, E'or this r0r;son , i t  is sue-�:;o s tod th<:t nun-photosynthe t i c  

orgo.nisr:s bG us o cl should .::. quo.nti tn t i  ve bi oc>.s s ay be rG quir8d . 

4 .  2 CELLUL;�R S I TE OF DOTEISTROIIIN INHIB I TI ON 

There:; o.ro nur.e rous sites in the c e ll n t whi ch crm>�t!1 inhibitory 

c oupounds co.n u c t  c.nd ,  of thos e  : ·.ul tiple s i  tas , there nay 1-r0ll be 

noro than ono through whi ch the priu'lry toxic effe c t  of the ooupound 

could be expressed (G o t tlieb,  1 972 ) .  Thus o. t t enpting to dofine 

the ccllul!:!.r s i  t o  o f  c. c ti on of o.n inhib i tor bccooo s "- c o:Jplcx s tucly 

nnd th e nrec..s of ue to..bo li sn possibly c.ffec t e cl  by do this tronin c over 

tho s pe c trun of c e llulnr pro c es s es . Quinonos nnrl quinoidal 

de rivo.tives 2.ro lmmm to inl1ib i  t respirnti on , by int erfering with 

tcrninnl e l e c tr on trtms port , nnd also t o  al tor tho eno rr_,"Y transfer 

nochanis;:Js involved in rospir.'ltion nnd pho to synthl;sis (Uob b ,  1 966 ) , 

Growth inhibi t ors arc also known t o  a c t  on the arec. o f pro tein and 

nucleic c.cid synthes i s  and , since the s truc turally s inilnr aflatoxins 



1 57. 

o.ct prinnrily in this nrec. (D c t roy o t  nl . ,  1 97 1 ) ,  it 'tnts pos si blc 

that t�is c ould be o. si t o of do thi strouin o.c ti on too . Po lyphono::..i c  

CO!"Jpounds 1�rc known to r:.l ter thu pcr!:lGilbili ty of tho c el l  nenbr:::me , 

but do thi s tronin c ould 'l.l so h:-:!.vc boon interfering \vi th o ther 

not�bol i c  func ti ons . 

L s tudy o f  the effe c t s  of d o this t roc.in en the c el l  cycle using 

synchr onous cul ture techniques nc.rrmvod tho pos sibiliti es to be 

invos ti gn tod . Synchr onous cul tures nr o tho s e  in vihich the 

pro c e s s e s  of erowth 1�nd collul ':.r division !"'.re tonporc.ri ly 

s u p:-tro. tod ns func t ions of tho nc j ori ty of the cul tural populo. tion 

nnd henc e  cc..n b e: usod to repre s ent r1o tc.bo lic events o ccurrinc; ':.S 

in o. sinel e  c el l . For tho s e  s tudios Chl orolln pyronoidosc. 1ms 

us ed �s nn experinentnl orenni sn becaus e it is photosynthetic 

nnd oucr:ryotic nnd thorufore uore clos ely nlliod t o  n Pinus sys ten 

th[m n pro cc.ryotic sys t eu would be . 

4 . 2 1  S i te o f  Inhib i t i on i n  Chlorolla Pyronoi dosa . 

By using synchronous cul tures of Chlorolln i t  wns pos s ible t o  

deteminc the effe cts of the toxin o n  spe cific aspe c ts o f  the 

grovlth process . Do thi s t ronin, when ndded t o  synchronous cul tures 

a t  the bec;inning of tho c ell cyc l e ,  wns found to e ff e c tively 

inhibi t the c ell d ivis i on of n l arge propor tion of the algal 
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po puleti on . Cell size d i s tribu tions reve�led that,  in the pres en c e  

o f  the toxin, a signifi cnnt pGrc ont�ge o f  the popul2tion ronn.ined as 

1 snnll 1 c ells ( o f  di nn . ( 3. 75 ) • This suggested that the t oxin 

vras aff e c ting synth e t i c  processes inpo rtant to the growth of the 

organi sn , indire c tly resul tin , in the obs e rved inhib i t i on o f  

cellular divi s ion. Tho t oxin WC'.S found t o  i nhibit the re. te of 

increase of to tal pro t ein and RNA fron an early s tage of the c el l  

cycl e ,  while the level s of DNL 'ivere no t c.ff e c tod until let or . 

However tho nnc. lyti cnl nothods used t o  f o llow t he chnngcs in 

t o to.l levels of tho ::1ncronole culnr consti tuents were no t s ens itive 

enough to porL1it s tudy of the s hort- tern effe c ts o f  the toxin unl ess 

v�s t  anounts o f  cel l nntorial were used . The use of rndi o-ncti ve 

precursors of pro tein and nuc leic acids allowed inves tigati on of the 

short- torn effe c ts of dothis tronin on vnri ous bi osynth e ti c pro cesses 

in Chl o rella. The resul t s  obtained wore cons is tent with thos e  

obs erved by foll owing changes i n  the to tal l evels o f  nncrono leculnr 

c onsti tuents . 

I s o to pe incorpo rc.ti on s tudi es wi th Chl o re lla cl early sho"I'Ted 

that RNA synthes i s ,  and late r  pro tein synthe sis , was inhib i ted but 

i t  was no t possible to show "I'Thother DNA synthesis was inhibi ted or 

not. The incorporati on of 3H- thynidine was very l ow and inves ti gation 

of t he dis tribution of precursor label in fractions derived by the 
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S cbni dt-Thnn11.hnusor oxtr('.c ti on pro cedure s hovrc l th� t only n vory 

s:oe.ll porccmtagu of the 3H i ncorpornto d  >m s in the DNL frc.c ti on . 

Hnnl::n e t  al . ( 1 970 ) ruported th::'.t Chlcrell.:o. lo.cks thyr.idine kina s e  

n c ti vi t y  nnd vrould thG roforo b e  unnblr.; to utilise cx oconous 

thyni clino as n DNA prG curs or . Ll t hough o.l torn.". ti ve nothods of 

lnb 3llinc; Chlorello. DNii. vrorc s o uch t, .::do quo.. to precursor incorpor�c ti on 

into this oncro2ol e cul·1.r fr2. c ti on "\IT('.S no t o.chievod o.n d the sui t-

[cbil i  ty of o ther o rgnni sos vms Lwostigo.ted . 

Sac ch:>.ronyc es cerevi sino w�w tes t e d  c:s c. possi blc nl turn::-, ti ve 

euc2.ryo ti c u rgnni su but proved to bo unsui tab l e  duo to i t s  lmv-

s ensitivi ty to do thi stronin. The ro. t0s of thyni cline inc orpor[� ti on 

into yonct DNL 1...-oro no hiGher tho.n tho s e  obs e rved f o r  Chl or olln . 

4. 22 S i t e  of inhibi tion in B<�ci l lus nop;c. toriun 

The high s ens i t ivi ty of B . nor:0 toriun to bo th do thi i'ltr (min 

nnd nfln toxin, nnu als o thu nppc. rent o.vail,'lbil:i. ty of r. thYJJinc­

requiring s train of this o rgr.mi sn, s ug[ios ted that i t  would bo c. 

nore sui to.b le orgo.ni sn for clDtornining the prL:JD. ry s i t e  of 

dothis tronin inhibi ti on of synthe tic proc e sses . Al thoueh n 

thynine requironent could not be; dcr2ons trnted f or the vc:.riant 

strain of B . negnter iun ru1 obto.inod, i t  proved to be o. very sui tnblc 

experinentnl o rganisn in nll o ther respects nnd therefore wns used 

f o r  nll subsequent work . 
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4. 22 1  Vo.l id i ty of precurs or nnDrc ".ch 

Inves tigation )f tb.o eff e c t  o f  dvthis tronin on th e synthe s is 

of nc.cronol o cul os in B . nogc. t criun Kl\1 wns c 11rri od out by foll o-vrine 

the inco rpor:-�tion of l ccl) ullo :l l;rc. curs ors into fr.:1c ti ons dorived 

by tho S chr.id t-Thn.nnhcusor oxtrc.c tion pro cedure . This te chnique 

-vms uncd in pre feren c e  t o  s inply f o l l owing is o tope inco rporn ti on 

into c e ll res idues vri th n )  C'. ttor.:rlt to chccrr. c t oriso the c or..:.ponent 

into vvhi ch the i s o to pe ;.rr:.:J inc.Jr p':lrG.ted b e co.use i t  vn:.s inportc.nt 

that val id r'.nd ndoquc.te neo.suros of b i osynthetic .:1ctivi ties 1,re ro 

ei lpl oyod. 

The SchL1i c1t-Thannh[cUS 8 r  oxtrr. c t i on pro c oclurc i s  rucor.J.L:.Gndu c1 

..:ts lmving the bos t tho orutic i'..l o.nC::. prr:.c ticnl basi s f .Jr pre c i s e  

oo tir.:ntion of nuc l e i c  ncicls (Nunro and Fl ock, 1 966 ) . Hmvcvur, 

i nv e s tigation of the dis tribution of ench procursor lo.b e l  i n  the 

Schni dt-Thannhnuser f rncti ons obtr.ined in the pre s en t  s tudy 

sueges ted th.:1 t conple te s e po.rntion of RNA , DHA o.nd pro tein >ms 

no t achieved . Tho bulk of the RNJL precursor lnbel 1vns obto.ined 

in thn supernatan t  f rc.cti on nft c r  alknlinc hydrolysis overnight 

0 
at 30 • 

precursor 

This frnc t ion nl s o  contained s one of the pr o t e in 

le. bel ( 1 4 C phenylalani ne ), presunnbly ln bel inco rpora tod 

into low nolecular-weieht Th�terinl which is o.lkali-s olublo . In 

addition, s one of the 3H-thynidine label occurred in the alkaline 
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hydrolys n te . Although DUll. i s  s to.blo in nllmli under the c omli ti ns 

us o d ,  hydrolys is co.n o c cur if nny npurini c :c.cid h'::.s b o on f cn�cd in 

'"nrl i � r  s t eps of the oxtr['.cti on :c.nd thi s no.y wall hecvo ·:, c curred 

during ho t ..; th::mol oxtr,:..cti ons . 

E['.ch fr:'.ction w<''.S ox:-:.: �inocl fur thG Y  to chnr�·. c t ori s o  tho 

c o:·:.ccnont whi ch co nt:lincd tho i s o tope to ensure th:-,t tho r"ldi.:;-

r:cti vi ty i n  tho fr:: c tion lv�cs indcod due to inc orpo r:-·. ti on of tho 

pre curs or r...o l o cul o i nto tho Dr:c cronolo cul:,r f rtJ.c ti on . Hydrolys2.tes 

of e.::-,ch S �h· :id:t.-Thnnnhnusor fri'.ction ·wo re rosol vod by chro:1c. tvgrnphy 

or c l o c trophoros is , the. rr:.d.i o.:J.ctivi ty lo-:!atoc1 c.nd onch spc t i dentif i ed 

by c oup::rison v.ri th kn0vm s tC'.lld:�rds . Only one rndi one ti vo penk vn1 s 

found for tho pro tt;; in r�nd DNJ� hytlrolysc. tos , o c curring in the regi ons 

of phonylo.lnnine ,'J.nd thyuidinc res pe c tively. The illJA hyclrolys�1 tes 

r" i r · tv of t 10 ro.di oc.c ti vi ty in the po si ti on of UHP 

a peak ocourriag in the resi 

Invos tic;tJ.tion of tho S ch·ci cl t-Thnnnh2us e r frr. c ti ons and 

res olution of the hydrolysate& o! thes e fra c ti ons did not 

unequivo cally es tnblish tho.t the incorpor:J.ti on of each labelled 

procurs or \'HcS a s pe cifi c rJ.eesure of synthesi s . To os tn'blish the 

validity of thi s ex perinontnl nppronch, tho effects of nntibi o t i c s  

vli t h  knmm si tes of nction on precurs or incorporati on i n t o  ench 

S choidt-Thannhauser fro.cti on werQ det ernined . If the incorp o ra ti on 

of l nbelled precurs o r  lWS n vc.lid nensure o f  synthetic a c tivi ty, th en 
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i t  would b e  subj ect  to  inhibition by these antibiotics ; e . c; . if  

ni tonycin co:::!pl etoly ru.1c.l spvcifically inhibi toc.l  thynidino 

incorpor:-ction then this ivoulc.l indi cate th.�t the incorpor.�Lti on of 

thYJ-TI.dine \vrts only r..0nsv.rine DNA synthesis in spi to of doubts 

aris:i_ng fror:; tho Sch.'::cidt-'rlw.nn.'I'J.o.user di stributions . Tho purpose 

of using antibi otics r,rn.s tvofolcl ;  firs tly to  ostnblish tho vnlidi ty 

of the labelled procursor oxporinento.l approach, and s econdly to 

cor::p:1ro the inhibi tion of incorporo.ti on observed with eo.ch anti­

bioti c  with tho.t observed for do thistronin to define possible sitos 

for dothistrocin notion. 

Chlor[U}pheni c ol ,  which inl1ibi ts protein synthe;;s in proco..ryotic 

sys tens by bindine to tho 50S subunit of the rilJos ocus , inhibi ted 

the incorporati on of 1 4
c-phunylnlo.nine into the protein residue . 

Chloranphonicol trontoent O.ls o  resulted i n  nn apparent increase 

in 
3

H-uridine incorporo.tion into the RNli.-conto.ining fracti on. This 

is  a well-docunented secondary effect of this nntibi o ti c ( Vnzquoz ,  

1 966 ) . Actinocycin D, an RN'A synthesis inhibi tor vrhich ne ts by 

binding to double-strnnded DNA n.nd thereby interfering 1vi th i ts 

function o.s n tcm.plo. te for transcription, inhibi ted3H-uridine 

incorporati on. Mitonycin C proforentinlly inhibi ts DN'A synthesis , 

nc tint; as a bifunc ti onal nlkylating- agent 'i'Thich binds covalently 

with the DNA noleculo . This antibi otic effec tively inhibited 

3
n-thynidine incorporation in B.negateriun �� but had no effect on 

the incorpornti on of 3H-uridine . 
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Thus , this s crj. os of oxporincnts utilizing known c::.ntibiotics 

shov.ru1 thn. t tho incorpor:-: tion of l.:'..bGllocl prucursors in to c�ch 

rY'.cronolocul.-:.r frn.c tion c c.ulcl bo inhibi tucl s pocificC'.lly ruJ.cl thus 

vlrcs in f;:ct �- vnlicl L!ec.suro of synthvti c �:ctivi ty. 

4 . 222 Dothistronin �.nhibi ti on of procurscr �.ncorpor.ti on 
7. 

Do thic tro[d.n ro.pidly inhibi tod thl: incorporc.tion of .JH-urirlino 

intc' tho R1V.-contC'.inin:_; frrcction of )3. cog-:1toriun KlfJ, .:1nd ovur re 
1 4  longc;r tiDe-course inhibi tod the incorpor-�:.tion nf C-phunylo.ln.nino 

into tho protein fracti on. \r-Thyui<line incorporc.ti on H.".s no t 

,':'.ffacted ovcr tho 2 5  L!in tico-coursc: s tudi ed . Thus tho effect  of 

do thistronin on lr-.bollod procurrJor incorporr�tion in this sys tor::. 

wc.s sinil."..r to th:-:.t of  .�.ctin.)r.-;ycil1 D ,  .:-:1 though do thi stronin 

inhibi tion \v!'.S not quite ':'.s rnpillly cxprcsaed ,  possibly duo to  

difforoncas in  tho ro.to of  upt.:::.ko of t he co;::, pounds by  tho collc . 

Tho oC'.rly inhibi tion of 3H-uridino incorporr�tion in tho pr<:;S CH1Ct: 

of dothistronin 1wuld suc;eost  th.::t the toxin m:orts its inhibit ory 

effect  by intcrfuri11::1 wi th tho process of tr:".ns cription. This 

proposnl would nccount for the tine-course obs ervml for dothis trouin 

-induced inhibition of 1 4c-phonylnlnnine incorpor�ti on into the 

protein frn.ction, nince inhibi tion of pro tein synthesis 1-10uld ba 

one of the nore innadi2. ta soconckry effects . In synchronous 

cultures of Chlorolln, dothistronin c nused � decrenso in the rntes 
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of n c cunulntion of K.1Til. o.nd pr() t oin e,o.rly in the c oll cyc le . Any 

inhibition of the 3 e  synthe ti c  pro c e sses would lon.d to the c e s s.-:-.tion 

of G'J:'Oivth .1.ncl c ell division olJscrved in this oxpc; rinc n to.l sys t ou. 

n.nd to tho lnter inhibition of incror:.s o  in to t::l DNA l evels c.ls o 

obs erve d . il.ll of tho s e  rcsul t s  nrc. cons i s tent vli th th(; pro pos ed 

s i  tc of c.ction for clothi s t ror.:!in but furth0r invo stie�� tion is 

required bofore tho r:cchP.nisus involved cc.n be elucidr.tod. 

i1r . 2 3  Node of c.ction of s truc tur::.lly-rol ::. ted nyc o t o�:inG 

Unclorst.:mdine; of tho si te �'-l1d r.10clc o f  n c tion of rln inhibi tor 

cnn be fur thered by cor_:pnrison vri th s truc tur::cl ly-roLcted c oqpounds . 

I t  hns beun point ed ·�·ut thc. t d•) this trouin bo::trs s t ruc tur:cl sinil.'Cri ty 

to n Group of nyc o toxins whi ch includes nfl::. toxin o.ncl s torigcnt o cys tin . 

For conpc.rison . n. cons ide r<:'.ti on of the c. c ti on of afl�ctoxin h2s been 

included. 

Investigation of t he oo..rly effects of the :>.flntoxins . in 

pc.rticulc'.r .:'.fln toxin B1 , ho :::; been c .:'.rried out in vc.ri ous 

experinentnl sys tens bu t , sinc e 2fln toxin is knovm to bo n potent 

hopc.tocc.rcinogen, nuch of the work hr.s been done wi th rcgener::,ting 

rat liver tis sue . Thus .::flntoxin n1 hns been shown to suppr0ss 

DNA synthesis in vivo (Lnfo.rge .:'.nd :?rnyssinet ,  1 970 ; Rogers and 

Newborne , 1 967) nnd in vitro (Logn t or ,  1 966 ; �·fro.gg et nl . ,  1 967) , 
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�nd t o  inhibit RNll. synthesis i n  vivo ( Cliffo rd G t  Q!. , 1 967 ; 1�CJ.rlcy 

a t  nl . ,  1 969 ;  Pone o.nd F0(}'-11 , 1 970 ) nncl i n  o ono in vi tro sys tens 

( Cl ifford end Roes , 1 966 , 1 967 ; Fioulo ::'..ncl Frc.yo sino t ,  1 968) . 

Inhib i t i o n  of protoin synthesis lns b e en reported in uc.ny sys tv:.-.:s 

( Clifford c.nd Rcos , 1 966 ,  1 S67 ; Sni th, 1 961). ; �-: o._;o.n o.ncl I:'riucll.J.o..n, 

1 968 ; Lillcho j C'.....l'ld Ciuc;lc; r ,  1 970 ) . Co!:llY'.rison >vi th tho cffoc ts 

of -".ctinonycin D sue.r;o s ts thc-,t -�.fl · � toxin D<'"'.Y .:.cc t  through r:. sini l  � r  

:··- ·:cchnni sn i . o .  by bindil'lt· t o  DN .. _ o.ncl inpc .. i ring tho t or.2pl�tc: functi ons . 

Dif ferences obs e rved c�.n be pr:.rtly c..c countod f o r  by non-i donti c,"1.l 

s i  too f o r  binding to t:ho nc.crocolecul..:; �;,nc1 wcak�:.;r binding f orces 

(Dotroy ot o.l . , 1 97 1 ) .  Invc[3 tig.:cti on o f  the: RIIJ'.A polyuu r a s o  

ro2..c ti on froo s cvorn.l so urc es suc-r_. e s t ed th[�t �� flntoxin .':'.c ts o n  the 

cmzyuo- tonplc. to cor::plox or on thu t ocpln to rc.thor thr.m dire ctly on 

thG cmzyne its elf (Edw�•rds nm", �Jogon, 1 970 ) . Bvi donc o L•.vnilnblo 

t o  dctc 1vould sueges t  that tho toxi c effec ts of nflo. toxin rosul t 

fron i ts int ornc ti on with DIJA , pro ducing the inhib i t i on of r:ccro-

uolo culcr synthoso s ns obs erve d. . Infornn ti on on this intera c ti on 

ho.s be en ob t:-\ ine d fron in vitro binding s tudi es (s:r;orn ut nl . ,  1 96 6 ;  

Cli fford e t  al . ,  1 96 7 ;  Nooly e t  nl. , 1 970 ; Schubort, 1 971 ) .  

The expo rinental appronchos used in thlts s tudy of d o this tronin 

toxici ty have been onpl oyed in investignting the node of a c ti on o f  

nflntoxin . Lnfnrgo and Frays sine t ( 1 970 ) followed the inc orporati on 

of lnb olled precursors to s tudy the short- tom biocheni cnl effe c ts 
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of cf ln toxin on nuc l o i c  �cid synthesis in regenorc:. ting r,�.t liver 

t i s suo . 1\.f l c .. toxin '"'·"-S �ldr�ini�tGr,;d o.t ;;uc¥.J.cut o level s  in c ont rrL s t  

to 1:2:c.ny o thor s tu:..li o s  i n  which tho toxin hr:.s b e ..::n us'"d t'. t .�, cu t..:: ly 

toxic do[� os l c.':d ing to n:'.ssi vc c.nc: rapid inhibi tion of nll � -� c t,".bo lic 

pr o coss E::s . Tho s e  v1orkurs fcunc� thr:. t thu i nc :::Jrpcrc. ti on of 

6 - 1 4c - o ro tic cl.cid into nuc lo o l e.r RNi'� o c currc:i r<"'.picUy 211d w.:.s 

nnxiunl ( 907�) nt 20 nin :cf t rsr c..ck:inis trnti on of th"' toxin . 

Inhib i ti on of to t:cl nucl c. :.r RN;i s;ynthEJsi s, al though never c u;·�p l G t e , 

to bo n<"'.rkodly i nhibi tud by hr . n.nd nluc s t con:plo t e ly supprcs :J u d  

c.t 1 2  hr . 'rho inc o rporrlti on o f  3H-thy!.lidinu into tho DF-', fr�,ctj_ sn 

-vms L:.ls o  inhibi tod by c..flatoxill ,  57J..1 inhi1J i t i on boing observed by 

20 oin F�.nd 80?S inhiti ti on �,ftcr 2 hr . The i nhibi t i on obs erved 

under tho s e  conrli ti ons WC'.S found to b o  rt.;ve rsibl o but DI'TL synthe s is 

I'Tns tho las t to rrJ c oononc o . Tho s e  findings SU[.;'ge s te d  th ". t  

aflatoxin ( o r  no t:1bo li t o ) binds 1.;ri t h  DN.�-� . b l ockine ropli c �,ti o n  .:md 

the trans cri pti on of RNl� 1.;ri th ch�lins l onger thnn tho di stn.nco 

botuocn two bou ndl�flc:.toxin r:o l o cule s ,  so tho.t under tho s e  c ondi ti ons 

only sho rt and :cediun l ength m�L"I. nole cules c an bu synthesi zed . T o  

2.c count f or the observed s o quenco o f  rec overy i t  >-res sugees tod th . ..,_ t  

tho pro::sros sivo froo inc of the DNA b y  nf ln.toxin >vould c.ll ow synthe sis 

o f  l onger-chnin RNA ( e . g . , ri bos oDnl RNt1. pre cursors ) but thG DNA 

nol e cul e 1wul d s ti l l  bG too c hnrecd fur replicntion t o  oc cur . 
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Ano th2r c ons tructi v o  s tudy o f  o.fl c.t oxin no ti on vm s  ropcr tod 

by Sc.rn.sin c.nd Hnul o ( 1 973 ) . Tho s e  '1-Torkors s tudie d tho i n  vivo 

offoct of ::f lntoxin B1 , ':.t su b-t>.cu t o  levels , on 11rotein syn the si s 

in rnt live r  usinc the incor;::.orr.. ti on of 
1 4

c- L1bcllod DL -l eucine 

ns n eo:,_ sure of pro to in syn thc;s i cJ . Tho i nhib i tion obs e rv ed sh Jv:ad 

2.. n.-crko d  b i pho..G i c  res pons e ,  -vri tl'l r .e.rkod inhibiti on of pr,; cur s or 

incorporn tion pon.king c. t 2 hr . r..ncl do c l inin,:r up to 7 hr . 

the inhib i ti on pror;ros B ivc:;ly incrons ed to 80-85%. 'l'ho pn ttorn of 

inhibi tion c.ftor 7 hr. c�,_n be' c.c countod for by the r.l to r::. ti on c,f 

polyri b o s one profi l e s  ::.s detcruinud in sucrose donsi ty r;rt:clion ts , 

disr:.ggrogn. t i on s tn.rting 3-4 hrs .�.ftcr t oxin :"'.dr' ini s t r[:ti o n . Thi s  

inhib i tory eff e c t  on prc toin syntho s i s ,  b u t  the lr.:.tvr inhib i tion 

o.ppec.rod t o  bo n c onsoquonc o of tho .'1fl n  toxin-induced iGpnirDon t 

of t rans cript i on . 

Thus d o thi s t rooin rcsenbl o s  nfln toxi n in thn t tho prinnry si te 

of c.c tion nppenrs t o  bo nt tr&"W cripti onc.l l evel , nncl for ".fl n t•lxin 

it is thought thnt this i s  duo to interac ti on wi th the t eoplnto 

rn thor thc.n by direct intornc tion with the pol�"orns o enz��e . 

Howovor i t  is obvi ous frou the nb ovo di s cus s i on thn t  f e r  r.flatoxin , 

;J.nd very defini tely for do this tronin ,  there nr c onny c. spo c t s  of 

the oochaniso of inhibi ti on requiring further inves tigation nnd 

clarif icc. ti on. 
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c..nd s tGribnntocystin on the incorporati on o f  labelled pre:cursor 
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in the B .r.wgntoriu.'"1 KM expcrincntal systEm with the offe:cts obs erved 

with do this trooin. Only n sin::;lo concentr1ltion of both nycotoxins 

1vc..s s tudied, basod on the conccmtrr: ti on required to inhibit  growth, 

i . e .  at n toxin concentrati on : cell nunbor rc..tios of 2 . 0 ���/cell X 1 08 • 

Under those cond.i tions storignc.. tocystin shm·rerl no inhibitory effect ,  

whilo  aflo. toxin B1 inhibi tion of  3H-uridino incorporo. tion NL.s vory 

slight . These results "":ro in Df'.rko d contras t to thouc  obtnined 

ui th dothistronin which rc..pidly inhibited 3H-uridino inc0rpor::c ti on 

at 0 . 2 ;..t g/cell X 1 08 • Hmv-evGr ;  it oust be pointed out that b oth 

of those coopounds hccv<.: vt.Jry lov! solubili ties in I'T.'c.ter,  as is the 

case for do this tronin, c.nd no s tudy wn.s nadc of the effoc tivcmoss 

of the nothods used in adding those fungal notabolites to c..queous 

cultures. They were added as cthyl ncetato solutions in tho s�1e 

l'my thn t dothistronin wns o.dC:�od to aqueous cultures . Conpn.rn ti ve 

studies of this type would be of interes t in further defining the 

nature of clo thistronin inhibi tion and could show possible activity 

rclc.tionships aoongst these groups of fungal netnbolites . 

Investigation o f  tho toxicity of a nunber of hydroxynnthraquinone 

coopounds to Chlorella in the antibio tic disc  bioassay showed that 

nono of  these conpounds narkedly affected the growth of the organisn. 

This would suggest that the antr..:�aquinone noioty of the do this tronin 
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s truc ture c ontributes l i t tl e  to the ovo rn.ll t oxi city of the Gol e cul e ,  

in spi t o  of the known div2rs i ty o f  r:;e tr'.bolic pro c e s s es inhibi t ed by 

the quinone croup of coopounds (Uob b ,  1 966 ) . Of this clnss of 

cor::pounds , 9, 1 0  2-nthrr:.q'J.inono is eeno r::tl ly e>.. l o s s  ef fec tive 

inhibitor of b i o loci cnl sys tens thn.n the sic.pl er quinonos . 

The co ntribution of the sub s t i tuted totr2.hydrobi furn.n rine 

s truc ture to toxi c i ty 1·1-". S no t invos tiev.tod in this s tudy . H o1"lovo r ,  

b y  [L11.nlcgy with o ther funga.l ncl;c.boli tos contc..ininG this uo i e ty , 

i t  1wuld be exp e c tud to cc·nf 0r so�.10 cl ogro o  of toxi c ity to th e 

col ocule containinG i t .  S tudies e>..ine d Qt c orroln tine biolo�ice>..l 

ac tivi ty c..nd s truc ture in tho ��fln. toxin ::md s t ;:;riGT11'. tocys t in groups 

of fungc..l no tn.boli tes ( Engdbrecht ancl Al to!lkirk, 1 972 ; Lyre s  

e t  al . , 1 97 1 ) have SUGGes ted tho.t the unso.tur.::.tcd bifurnn rine sys teu 

is inportnnt to the tox i c  c.c tion of those coGpounds . Tho se s t ruc turo­

c..c tivi ty s tudios a l s o  sugge s t ed thn. t  the s truc tur.�.l rcl:1tionsh i p  

b o boJ"een the bifu rn.n rinc c.nd the c:'.rb onyl eroupG of the ho t (.;rocyc li c 

nuc l eus vrn.s inpo rtnnt in do t or::cinine toxici ty . S.::. turn t Gcl bifur::m 

deriva tives of the nf lntoxin s e ries nre l e s s  toxic than tho s e  

c ontaining the unsaturc..ted sys teu. Thus , in the n.fln. toxin eroup 

of fungal ne tnbo l i tes , tho s e  derivatives containing o. heninco tnl in 

the b ifur3n s ys t en hc.ve l i t tl e  of the pot ent t oxic i ty of the perent 

c on pound . Although the c oopound i s o lnted fron D . pini cul tur8 s ,  

c��rnc teris ed and known o.s do thi s t ronin, c ontains o. heniac e tal eroupine 
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in the bifur!J.n rin5 , the pos s i bly no rc toxi c unsn turo.tod doriv::: tivo 

is l ikely to be for:1od ns c. c o-cc tc.bo li te or could rondi ly b () 

produc ed 11y dehydro.. ti on of the hcni ., c e tnl clcriv�tive . '.Pho rofo re ,  

tho l ikel il:to o d o f  thi s dcri v::: tive b einG pres ent in prep.:c.rf.'.ti ons of 

do this tro�in c�nno t be igno red . 

4. 24 Are:ns for further inve:�-� tion 

The s tudies repor ted hero hc.vo i nclicnted one pnr ti cul::r c.rc:.1 

Gf c e l l  bi o synthos io inhi b i  tecl by dothis trG:Jin but could b e  extend e d  

to clo t oroine the probable s to p ( s ) o f  the t rnns cri pti onnl pro c e s s e s  

vJhich nr o inhibi tecl by do this t ror.:in nnd tlw r;ol ecul::.r no clmni sn 

involve d. The results olJ tt'.inod in this s tudy indicate that 

inhibi tion of IDTJ, synthu s i s  c ould be one of th e priric.ry affe c ts of 

the t oxin but give. no indi cc. ti on ns t o  l-lh0 ther this i s  o.. gono rnl 

inhibi ti on of RNJ1. synthe sis or if the t oxin s el e c t ively inhib i ts 

ono of the core rnpiclly synthesi zed RN.b. f ro..cti ons . Ex c..;:. inn ti on 

of RN.A sedinentn ti on p rofiles cculd provide us eful inforuaticm on 

thi s  cspo c t  of the probl on. 

Doos the t oxin ne t d ire c tly on RNA po lynere.so , o r  do es i t  

interfere;, 1-l i  t h  tecplnte func tion? Invos tig". ti on of possible 

onzyne-toxin internction, to�:plnte- toxin interacti on nn d  t he effects 

of t he toxin on t he fornnti on of the enzyne- t onpl ':l.to conplox could 

b e  w:..de usine the techniques whi ch hnve provided info runtion o n  the 
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s i te of nc ti on of nntibiotics Qlld o ther inhibi tory c oupounds nffec ti ng 

this nro<J. o f  :.wt<'.bo l isu . The s u  t echni ques would include the us e of 

r�di oo.c tivn ::..7 lab dlod do th:i. s trouin to s tudy b inding of thv t oxin 

to vo.ri ous c onponents L1 vitro , o.nd s tudi es of thG k inoti cs of the 

RNL polyoorns o reo. c ti on in ce ll free sys t cL.;s . 

Ther e:: nro o. nunbor of inhibi tory coopounds whic h  co nt.'.'.in n 

ho torocyc lic nuc l eus c..nd cc co ns idc rc.blc pro po rtion of the s e  ho.ve 

boon 8hown t o bind with DHA9 an intcrc-.c c i on c onsid ered to acc ount 

for tlw obs e rved ncti cn of tho s e  c o:-.pounds ( Goldb 3rg nnd Fri oclnnn, 

1 97 1 ; BUchcr o.nd Sios , 1 969 ) . The: si tes of inhib i t i on of 

nucleic o.c i d  synthes i s  by o. nur�b:.::r of o.ntib i o t i c s  o.nd drw;s arc 

repres ented s choonticnlly in Fig. 36 9  where th e struc tures of sor2e 

of these c onpounds o. rc o.l so shown. By nno.l ogy with tho s e  s truc ture s ,  

i t  co.n b e  s o on that the s tructure 0f do this trooin no.kes binding >ii th 

the DNA teoplnto no t unlikely nnd nny furthsr inve s tignti on of the 

s i te of t oxin n c ti on should include the s tudy of this po ssib ili ty . 

4 . 3 ROLE OF DOTHISTROMIN IN DOTHI STROVillL PINE BLIGHT 

Iopniroent of the RNi.-synthoti c c � ' Il"Ci ty of pine fo liage 

infected with D. pini c ould result in the c el l  donth nnd ne crosis 

of tis sue observed ns di seo.s e  syoptons of do this troonl blight . 

However , b efore the role of do this tronin in the di sonse cnn be 

as sessed , i t wi ll be nec e s sary t o  c onfiro the inhibi tory eff e c t  of 



F I G U R E  36 :  SITES FOR I N H I BI T I ON O F  NUC L E IC ACID SYNTH ESI S BY ANTIBIOT I CS 
AND D R U GS 

Chromomycin 

Echinomycin 

Hedamycin 

Netropsin 

Distamycin 

Phleomycin 

Kanchanomycin 

I ntercalation 
Proflavine 

Ethidium 

Daunomycin 

Nogalamycin 

Chloroquine 

Miracil D 

Luteoskyrin Actinomycin ) ( o� 

Rifampicin 

Streptovaricins 

D irect I nh i bition of 
R N A  Poly merase 

/ 
Streptolydigin 

0:' - Amanitin 

Alkylating Agents 

Strand Breakage 
Streptonigrin 

Mitomycin 

N-mustards 

Base analogues 

Nucleoside antibiotics 

Nalidixic acid 

Phenethyl alcohol 

Azaserine 

Methotrexate 

A portion of a dou ble-helical DNA molecule is represented in the process of rep l ication 
at the right-hand end and being transcribed into RNA nt a region near the middle. 
' R '  represents the rep l icating enzyme, T the transcr ib ing enzyme ( RNA polymerase ) .  
Towards t h e  left-hand end an R N A  polymerase molecule is  about t o  form an in itiation 
complex with the DNA and start the synthesis of a new RNA strand. Actions of 
inhibitors are represented by double-headed arrows and are purely diagrammatic. 

172. 

From M & B Laboratory Bul letin ( Vol X, No. 3, 1 972 ) 

R R 
I I 0 �:*� H 2N 

H 3C 

CH3 C H3 

A C T I NOMYCIN MITOMYCIN c 

CHROMOMYC INS PROFlAVINE 

DAUNOMYCIN ETH I D I UM 
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the coopotmd in pino- tissue nnd , prcforn.bly, in pine seocllinGs . 

il. ttoupts in this di rGction havo s o  f::.r oet 1ri th li t tl o  su c c0s s . 

Ono of the ::1r·. j o r  probl ons encountcr(:)d is th�c t of the: very l ow 

solubi lity of do this trooin in nquoous so luti ons . The: rosul ts 

ob tl"'.inod in this s tudy indi c:-:.to tho pos sible ioportm1c G of the 

c or:pound ns n cli soas o frcctor :.nd i t  i s  to be ho ped. thc.t the ue thocls 

or.::pl oyed hero cn.n be: further clovolopccl for .��pplicn ti on to nss nys 

invo lving pine t i ssue . 

Ono of tho firs t syr..2ptous froquontly obsorve:d v;i th disec-.sod 

plc.nt tissue is an n.l t or.:. tion of the poroenbi l i  ty of tho plant 

c e l l  oonbrr.no ( \·lhuel or nnd IInnchoy, 1 968) . il:ny nl tc r.�ti on of 

oenbr:�ne func ti on could rnpidly l ioi t the nv.:.il::.bili ty of 

procnrsora for c o l lulnr net'1bolisn nncl result in t he inhibi t i on 

of synthes i s . To ncc ount for the sequence of events obs 8 rved in 

B. oogcct Griun Kl'it, the n l  t orntion of po r;:_:enbili ty would h::tvG to be 

s pecific to pnrticu lnr pr� cursors . Howuvor,  this lJo ssiblo prirery 

si tc of ac tion for the t oxin he .. s no t b oon invos tigntou <md is nn 

aron requiring further s tudy before tho toxic nc tivi ty of 

d othi s t ronin c an bo fully ass es s ed . 

Since do thi s trooin nppoc.rs to be n general inhibi tor of RNf, 

synthesis , i . e .  no t s pe ci es s pe cifi c ,  it could presuonbly inhib i t  

fungal synthe tic proc esses . Characteri s ti cally, secondary 

netnboli tes are pro duced in the s tati onnry phase ( or idio phns e ) 
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of fungal growth :J.nd o..ppc:J.r to h:::vo little or no cri tical significan c e  

rulntive t o  tho e-rowth of the or(S'nnisn (Ueinberg, 1 970) . In 

l r,bo rc. tory cul turo of D. pini , dothis tronin production occurs at o. 

l n t e  s t<�c of the cul turing period, and the nppenrancc of red 

bands on D.pini infected pine noodles is not observed until j us t  

pri or to s po rulati on . Tho s i to of toxin producti on is as 

ioportc.nt o..s the tining of synthesis in pro tcc tin.?; funenl r.:o t::.bo l i sn , 

and l i t tl e  is  kno�m of the c e llul:c r  s i te of do thistronin produc ti on . 

Tho finnl s tep c onvortillG Qn ino..ctivc, precursor to c. potent toxin 

could be e n  tc�lyzed by n c oll-w::.ll  bound cnzyoe . 

The ti!J.ine o f  dothistronin production by D. pini i s  .".ls o of 

inporto.ncc with respect to tho hos t-p�thogen rel�tionship betwcGn 

tho fungus nr..d nenbers of t he Pinus f,enus . Do this tronin no.y not 

be no coss�ry f o r  the succes sful infection nnd growth of the fungus 

on t he hos t ,  nnd yet be l�'.rgoly responsible for the diseas e  syLlptons 

nc.nifo sted , The fungus hc.s boon shown to pro duce extro.c o l lulnr 

enzynes whi ch my well b o  of inportancc; in tho pro cossos of infection 

nnd growth ( Brun t ,  1 970) . 

11.1 though toxi c ne tnbo l i  tos -::,re lmown to be pro duced by n large 

nunber of phyt o pa thogenic fungi , l i t t l e  is known of the b i o chenic n l  

node o f  n o t i o n  of any phyto t oxin. Evidence f or toxin pnrt ici pnti on 

in phyt opnthogenes i s  i s  b ns e d  on the findings that : 



( a ) Sone of thes e  toxins arc hos t-8 pe cific . They ui l l  

<'lff e c t  only thu ho G t  s pe c i e s  o f  thu funJSUS .:::;.1d ::my 

l os s  of the abi l i ty of the fungus t o  pro ducu the 
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t oxin in cul ture is pnr�lle led by l o s s  of pa thoeoni c i ty . 

(b ) Tho p�thological eff e c t s  of the toxin ere s o  s ici lar 

to the di seas e synclr c;uo 2s to s trongly su[5·gos t t oxin 

i nv olvonen t . ( Tenpleton,  1 972 ) • 

If d o thi s trocin can be c onsidered to bo a phyto toxin, ho s t-s po cifi c i ty 

nus t  be dG pondent on o ther f:c c t ors in tho hos t-p·_c thor;en rol". ti onshi p  

s inc e t h e  toxin appears to be a non-s pecific inr.ibi to r . The 

app�rcmt bi o l ogical :J. ctivity o f  dothis troDin could. nc c o u.>1 t  for the 

di so.::cs o syndroue but thon.-, i s ,  r.:s yet , no confirm'. tion of the 

toxin ."J. c tivi ty in pine tiiJ suo . However,  as o th0r f:cc tors invo lved 

in d o thi s t rooal pine b l i(s·ht are o lucid::,_  ted, it is l ikC:ly tha t  the 

di se2s e will be found t o  resul t f ron the interacti on of a nunber 

of neent s ,  nn int oro.c ti on t o  \vhich d othis tronin on.y o<�ke n no. j o r  

con tri bu ti on . 
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l:..t the pre s ent tioo in l'!Ovl Zonln.ncl . J. o thi s trono..l blight i s  

controlled by th8 nerinl nppli c.::, tion of co ppe r fun0 i cid.es , but 

thi s trontoent doos n o t  Gr::•.l i c.:: t o  the fu.."l.gus . I t  oo.y vrel l  be 

pruc� ent to invc•s tigo.te vmys of crc.di cr. t ing tho di sco.se to supplenont 

pre sent n� thods of cont ro l . No thine i s  lmmm of the not.:-JJolic 

fo. t o  of do t hi s t rooin inge s ted. into oo.nr.mli::m systens , ,:; .  f! · by s t o ck 

grn zing in inf e c ted. plnntnti ons . In v i ew of the current rGils s e s s-

nont of the role; of funp;lll r' o t :.b oli tos in h�...i.ll th , cons i do rccti on nust 

be given to this :J.spoct of tho do thi s t rmlnl b l ig·ht prob l oc . Hydr-

oxylc.tod c.flr'. t oxin J.orivr�tivo3 h:w0 boon i s o lr'. tod fr�1u t he n i lk of 

c mvs f e d  pennu t o...::nl and tho s e  coopouncls , c.flc. toxins I1I1 nncl r12 , wGro 

found to be o.s toxic .:.s tho pr'.rcm t .:.fla. toxins ( Purchns o ,  1 967 ) . In 

vi ew of tho knovm C �!rcinogenic i  ty o f  s truc turc:.lly rolntcd Eyc o toxins 

i t  i s  iopo r tnn t to ovnluo.t e  the po tontinl c.::-.rcinogenic i  ty of 

do t hi s trooin. Snoples of d o thi s trooin hnvo be en s ent to lo.b oro.torios 

wi th exp erience in this field,  but c onc lu s ive results o.ro not yet 

o.vo.i lnbl o . 
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