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ABSTRACT 

The purpose of this investigation was to describe 

from observational and experimental studies the iiuclear 

cytology of Sirogonium melanosporum and ten unidentified 

strains of Sirogonium. For the unidentified strains, 

special emphasis was placed on the study of nucleolar 

substance, chromosome numbers and types, and the formation 

and distribution of the nucleolar substance. Sirogonium 

melanosporum was used only in the experimental studies. 

All strains were grown in soil-water medium on a 

12:12 hr light:dark cycle with a light intensity of 3000-

3500 lux at a temperature of 20 +_ 2 C. Material for cyto-

logical examination was sampled 1.5 hr after the initia

tion of the dark cycle, the period of greatest mitotic 

activity. Samples were fixed in either Jackson's fixative 

(Waer, 1966) or Freytag's fixative (Freytag, 1964). ~ 

Filaments fixed in Jackson's fixative were stained with 

only propiocarmine whereas filaments fixed in Freytag's 

fixative were stained with either propiocarmine, the 

Feulgen technique, or Sudan black "B." Propiocarmine was 

used in the study of the nucleolus, the nucleolar substance, 

and the association of the nucleolar-organizing chromosomes 

with the nucleolus and nucleolar substance. Propiocarmine 

with Freyt-ag's fixative, Sudan black "B," and the Feulgen 

xv 
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technique were used to study chromosome morphology. The 

Feulgen technique was the only technique used to study 

chromosome numbers since this was the only technique 

specific for DNA. 

All unidentified strains were found to have minute 

dot chromosomes varying in length at metaphase from 

0.5-1 • 5 microns. Satellite chromosomes of these strains 

were 2.5-3•5 microns long. The number of chromosomes 

varied from 48 +_ 2 to 100 2 with eight strains having 

chromosome numbers ranging from 48-60. The remaining two 

strains each had approximately 100 chromosomes . No 

evidence of centromeric activity was observed for the 

chromosomes of the ten unidentified strains. At telo

phase, nucleoli were reorganized from numerous "micro-

nucleoli" which fused to form one to three nucleoli per 

nucleus. 

Sirogonium melanosporum, with six long chromosomes 

which exhibit parallel disjunction at anaphase (Waer, 

1966), was subjected to three levels of irradiation from 

a Co^ source. The chromosomes were fragmented' by the 

treatment; however, these fragments continued movement to 

the poles at anaphase. This observation provided addi

tional evidence that the chromosomes of this species 

possess a compound centromeric structure. Strains of 

Sirogonium with dot chromosomes showed no evidence of 

chromosome^ fragmentation after irradiation, although 



xvii 

certain cytological abnormalities were observed. These 

included giant cells with enlarged nuclei, micro-cells 

generally lacking nuclei, and normal length cells without 

nuclei. Giant cells rarely divided and disappeared from 

the cultures within weeks after irradiation. Auto

radiographic investigations gave some evidence that the 

formation of enlarged nuclei in giant cells may not be due 

to DNA synthesis. 

Filaments of strain 707 treated with 0.03% chloral 

hydrate produced diploid cells which increased in width 

from an average of kk microns in the untreated cells to 69 

microns in treated cells. Diploid cells were isolated into 

fresh soil-water medium, and within 3 weeks binucleate cells 

were observed. These binucleate cells divided, producing " 

a culture of binucleate cells which have continued to be 

maintained in culture. Strains 700 and 707 were treated 

with colchicine in an attempt to induce diploidization; 

however, neither strain appeared to be affected by the 

treatment. 

Filaments of strains 707, 708, and 71^ treated with 

ribonuclease showed a reduction in the percentage of cell 

division. However, mitotic abnormalities resulting from 

ribonuclease treatment were rarely observed. 



INTRODUCTION 

The development and improvement of culture methods 

for the growth of algae in controlled environments has 

fostered an increase~~in the physiological and cytological 

investigations on these organisms. In the last 20 years 

algal cultures have been maintained in the laboratory with 

relative ease, as a result of the studies of Dr. E. G. 

Pringsheim (1946) who described a soil-water medium for the 

maintenance of unialgal cultures. The majority of fresh

water algae can be grown and maintained in this medium, 

including members of the Zygnemataceae. 

Other workers have described certain defined media 

for the growth of algae. These media have enabled 

investigators to maintain unicellular algae in a bacteria-

free condition with relative ease; however, the establish

ment of axenic cultures of filamentous algae has been more 

difficult. For this reason, most physiological studies on 

algae have utilized unicellular forms. Since axenic cul

tures are not required for studies of nuclear cytology, 

strains of filamentous algal forms have been the subject of 

cytological research. Although members of the Zygnemataceae 

and specifically Spirogyra have been studied for over 90 

years (Doraiswami, 19^6), the majority of the cytological 
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research on these species has taken place in the last 20 

years. 

According to Transeau (l95l)» the members of the 

Zygnemataceae are probably more numerous and more widely 

distributed than any other filamentous algal family. 

Randhawa (1959) stated that the members of this family 

usually occur as bright green floating mats in ditches, 

ponds, and other freshwater habitats of the temperate 

countries of the northern hemisphere. 

Transeau (1951) and Randhawa (1959) recognize 13 

genera in the Zygnemataceae. Most phycologists are 

probably familiar with three or possibly four of these 

13 genera: Spirogyra, Zygnema, Mougeotia, and Sirogoniutn. 

Randhawa lists 290 species of Spirogyra, 108 species of 

Mougeotia, 100 species of Zygnema, and 15 species of 

Sirogonium. An additional species of Sirogonium (S. 

decoratum) has been described (Prescott, 1 9 6 6 ) .  

The cytological studies reported here relate 

specifically to Sirogonium. This alga superficially 

resembles Spirogyra and easily may be mistaken for it. 

Both organisms have cylindrical cells with ribbon-like 

chloroplasts, and a single ellipsoidal nucleus suspended 

in the cell by cytoplasmic strands. It is likely, because 

of this resemblance, that some collections of Sirogonium 

have been discarded as "unwanted" Spirogyra. 
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Essentially all of the morphological and cytologi-

cal studies on members of the Zygnemataceae have involved 

only Spirogyra, Zygnema, or Mougeotia. An excellent review 

of the research relating to the nuclear cytology of these 

genera, as well as other algae, can be found in the book, 

The Chromosomes of the Algae, edited and partially written 

by Dr. M. B. E. Godward (1966b). Research on the nuclear 

cytology of Sirogonium is practically non-existent except 

for the study of Waer (1966) on Sirogonium melanosporum, 

and a brief account of satellite chromosomes and nucleolar 

number in Sirogonium spp. by Godward (1950a, 1950b). 

It is difficult to determine the reason for this 

lack of information concerning the nuclear cytology of this 

genus; however, it may be attributed to the failure of 

investigators to distinguish between Sirogonium and 

Spirogyra. It may be that this paucity of research is due 

to the scarcity of natural populations and the difficulties 

encountered in culturing Sirogonium (Hoshaw, 1965)* 

Members of the Zygnemataceae are of cytological 

interest because of three unique nuclear characteristics: 

(l) the presence of a stainable substance during mitosis, 

referred to as the nucleolar substance; (2) the complex 

internal structure of the nucleolus; and (3) the apparent 

lack of a single localized centromere. 

Investigations on the nuclear cytology of the 

Zygnemataceae have been based partially or entirely on the 



use of propiocarmine or acetocarmine stains. Although 

these stains have been useful in research on nuclear 

cytology in general, they possess certain disadvantages 

when used with the Zygnemataceae because of the nucleolar 

substance. This substance, which stains very dark with 

either propiocarmine or acetocarmine, is closely associated 

with the chromosomes and tends to mask them during the 

division cycle. This may well lead to confusion during an 

interpretation of chromosome morphology and number. 

The Feulgen technique is the most desirable method 

for circumventing the problem caused by the presence of the 

nucleolar substance. Although Waer (1966) used this 

technique successfully in studying Sirogonium melanosporum, 

there have been numerous reports of negative results with 

the Feulgen technique on Spirogyra (Oura, 1953; Allen, 

1958; Stocking and Gifford, 1959; Meyer, 1 9 6 6 ) .  

It was the purpose of this study to undertake a 

descriptive and experimental investigation of the nuclear 

cytology of ten unidentified strains of Sirogonium. An 

llib strain, Sirogonium melanosporum was used only in the 

experimental portion of the study. The descriptive 

cytology was completed by using a variety of staining 

methods, including propiocarmine, the Feulgen technique and 

Sudan black "B." Propiocarmine was used to study the 

nucleolus and the nucleolar substance, and their relation

ships to the chromosomes. The Feulgen technique and Sudan 



black "B" were used in studies of chromosome numbers and 

chromosome morphology. 

The experimental portion of this study was under

taken in order to investigate the effects of irradiation 

and certain chemical treatments on the nuclear components 

of selected strains. The irradiation treatment was used t 

induce chromosome fragments. These fragments were studied 

during mitosis in an effort tp help elucidate the centro-

meric structure of the chromosomes. Chloral hydrate, 

colchicine, and ribonuclease were the chemical treatments 

used to study changes of chromosome number and alteration 

of mitotic behavior in certain strains. 



DESCRIPTIVE CYTOLOGY 

The nuclear cytology of strains of Sirogonium was 

characterized with the aid of various staining techniques, 

including propiocarmine, Sudan black "B," and the Feulgen 

technique. The nucleolus of the interphase nucleus was 

studied with emphasis on the nucleolar-organizing tracks 

and the association of the chromocenters with these tracks. 

During the mitotic cycle the nucleolar substance was 

followed to determine its production, its association with 

the chromosomes, and its role in the reorganization of 

nucleoli. Chromosomes were studied as to morphology and 

number. 

Materials and Methods 

Sirogonium melanosporum and ten unidentified 

strains of Sirogonium were used in this study. These 

organisms were obtained from six regions in the United 

States, four in Mexico, and one in Denmark. Col-lections 

were made by students at The University of Arizona and by 

investigators at other institutions (Table l). Strains 

were assigned numbers beginning with 700. Since the 

identification of experimental material was beyond the 

scope of this investigation, the ten unidentified strains 
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Table 1. Source of 11 strains of Sirogonium maintained at The University of 
Arizona and used in the present study. 

-Strain Collection site 
Collection 

date 
Collector 
Isolator 

Material used for 
isolating strain 

700 Bahia San Carlos, Mexico 10/61 R. 
R. 

W. 
W. 

Hoshaw 
Hoshaw 

Natural collection 

702 Kalispell, Montana 8/61 G. 
R. 

W. 
W. 

Prescott 
Hoshaw 

Natural collection 

703 Haslev, Sealand, Denmark 9/64 T. 
R. 

Christensen 
W. Hoshaw 

Natural collection 

704 Morelia, Mexico 9/62 A. 
A. 

E. 
E. 

Dennis 
Dennis 

Natural collection 

705 Toluca, Mexico 6/64 A. 
R." 

E. 
L. 

Dennis 
Hilton 

Soil sample (64-20) 

706 Toluca, Mexico 6/64 A. 
R. 

E. 
D. 

Dennis 
Waer 

Soil sample (64-20) 

707 Ellettsville, Indiana 7/63 R. 
R. 

W. 
D. 

Hoshaw 
Waer 

Natural collection 

708 Enchanted Rock, Texas - - P. 
F . 

Walne 
Ott 

Strain received 
from F. Ott 

711 Weatherford, Texas 6 / 6 5  H. 
R. 

P. 
L. 

Hostetter 
Hilton 

Soil sample (65-94) 

712 Morton, Mississippi 6 / 6 5  H. 
R. 

P. 
L. 

Hostetter 
Hilton 

Soil sample ( 6 5 - 9 8 )  

714 Louisville, Nebraska 9/66 D. 
C. 

Harrington 
V. Wells 

Natural collection 
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and Sirogonium melanosporum (strain 700) will be referred 

to only by their strain number. 

Isolation 

Isolations from Natural Collections. Species of 

Sirogonium tend to grow in temporary ponds, road-side 

ditches, and other shallow, freshwater habitats. Because 

of the phenomenon of genuflexion, net-like masses of 

filaments form, allowing air bubbles to be trapped between 

apposed filaments. This often causes the mass of filaments 

to float on the surface of the water and appear as a 

frothy mat. 

As can be seen from Table 1, seven strains were 

established in culture from natural collections of fila

ments. This was the most difficult method of establishing 

cultures, since natural collections were always found to be 

contaminated with epiphytes. The presence of these 

epiphytes, mostly diatoms, blue-green algae, and uni

cellular green algae, was attributed to the lack of an 

outer slimy sheath on each Sirogonium filament. 

When natural collections were received, immediate 

attempts were made to isolate contaminant-free filament 

pieces. Microscissors were used to cut out small pieces 

of filaments, which were then transferred by means of a 

micropipette to tubes of soil-water medium. When healthy 

f 
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uncontaminated cultures were produced, these were trans

ferred to one-half pint milk bottles of soil-water medium. 

Isolations from heavily contaminated filaments were 

most easily obtained following a series of washes. The 

contaminated filaments were placed in a 150-ml Erlenmeyer 

flask containing approximately 50 ml of sterile distilled 

water. After agitation for 1-2 rain, the contents of the 

flask were poured into a large Buchner funnel, and 5-7 

liters of distilled water were rapidly poured over the 

filaments. After repeating this procedure five times, 

portions of filaments were found to be entirely free of 

epiphytes. 

Strain 71^ was established by germinating zygo

spores from the natural collection. Filaments with 

zygospores were spread out on a thin film (2-3 nun) of 

1.5% water agar. The plates were inverted over chloroform 

for a period of 20-30 sec and then placed in the dark for 

2-3 weeks. The plates, after being removed from the dark, 

were placed on growth shelves under a light intensity of 

3000*~3500 lux and flooded with fresh soil-water' medium; 

germination followed in 3-^ days. When the germlings were 

10-12 cells long, they were removed from the surface of the 

agar and washed several times to remove epiphytes not 

killed by the chloroform treatment. Finally, the zygospore 

wall was removed and each germling was placed in a tube 

containing soil-water medium. It was found that germlings 
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from which the zygospore wall was not removed produced 

contaminated cultures. The most common of these contami

nants were blue-green algae and fungi. 

Isolations from Dried Mud Samples. Certain of the 

strains (705» 706, 711» 712) were isolated from dried mud 

samples. A small portion of dried mud was placed in a 

Petri plate and flooded with soil-water medium. Germlings 

of various algae, including Sirogonium appeared within 2-3 

days . 

Some difficulty was encountered in distinguishing 

between Sirogonium and Spirogyra germlings with the result 

that the following criteria were used: (l) cells of 

Sirogonium, because of the lack of a slimy sheath, inevi

tably had a large amount of debris attached to the cell 

wall; (2) the germlings of Sirogonium were the same diam

eter throughout their length, whereas the germlings of 

Spirogyra were generally narrower near the base; and (3) 

the chloroplasts of Sirogonium were fragmented in the cells 

adjacent to the old zygospore wall. 

Germlings obtained from mud samples were trans

ferred by micropipette through several washings of sterile 

distilled water and placed in 60-mm Petri plates containing 

soil-water medium. After 4-5 days, the old zygospore wall 

was removed, and the young germlings were placed in tubes 

of soil-water medium. 
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Germlings of strains 711 and 712 were initially 

observed in mud samples collected in Mississippi and Texas, 

respectively. These germlings were heavily contaminated 

with a small filamentous fungus even when the germlings 

were two-three celled. Therefore, the soil was placed in a 

20-ml centrifuge tube and treated with a 20.0% chlorox 

solution for 5 min. The mixture was centrifuged, the 

liquid decanted, and the remaining soil washed until all 

traces of the chlorox solution were removed. By this 

procedure suitable unialgal cultures were established. 

Culture Methods 

It has been recognized for over 25 years that th~e 

cultivation of the Zygnemataceae is difficult (Bold, 19^2; 

Johansen, 19^0; Pringsheim, 19^6); however, it is now 

possible to culture species of several genera with ease in 

soil-water medium. __ 

Medium. All- strains used in this study were grown 

and maintained in soil-water medium. One-half pint milk 

bottles were used as culture vessels with tops of 60-mm 

glass Petri plates as covers. Approximately one level 

teaspoon of soil was placed in each bottle. The culture 

vessels were then filled with de-ionized, distilled water 

and were allowed to stand for a 24-hr period, or until the 

water cleared. The bottles were steamed for 2k hr, allowed 

to cool for 2k hr,- and then steamed again for a 24-hr 
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period. The medium was then stored in a cold room at 

2-k C. 

Soil used in the preparation of medium for strains 

700, 702, and 70^ was obtained from Lake Mary, near 

Flagstaff, Arizona. The soil used in the preparation of 

medium for the remainder of the strains was obtained from 

Mormon lake, also located in the Flagstaff area. 

Growth Cabinets and Temperature. At least one 

culture of each strain was maintained at all times in each 

of two different controlled environmental cabinets and a 

single environmentally controlled culture room-. The 

cabinets were designated "A" and "B",while the culture room 

was designated as growth area "C." Cabinet "A" was a Model 

6610 growth cabinet manufactured by the National Appliance 

Company of Portland, Oregon. Materials for cytological 

* 

examination were grown in this cabinet. Cultures from 

which transfers were generally made were kept in cabinet 

"B„. " This cabinet was of wood construction with illumina

tion from the top. Growth area "C , " in which bottles of 

each strain were maintained as stocks, was a small culture 

room. All growth areas were maintained at temperatures of 

2 0  + 2  C .  

Light. The organisms were grown under cool-white 

fluorescent lighTfs at an intensity of approximately 3000-

3500 lux, with the exception of area "C," in which the 

light intensity was maintained at 500-1000 lux. The lower 



light intensity slowed the growth of these cultures and 

eliminated the need for frequent transferring of aged 

material. 

The light in all three growth areas was programmed 

for a 12:12 hr light:dark cycle. Cabinet "A," in which all 

samples for experimental use were grown, was programmed so 

that the dark part of the cycle occurred during the normal 

daylight hours. Such a light cycle was established for 

convenience since it was known from previous investigations 

that the highest percentage of mitotic divisions took place 

in the dark part of the cycle. Therefore, the lights were 

programmed to come on at 9:00 P.M. and go off at 9"-00 A.M. 

Sampling 

Cultures under active investigation were trans

ferred every 10-14 days to maintain healthy, rapidly grow

ing filaments. All transfers were made with sterile glass 

hooks prepared from micropipettes. Samples for cytological 

study were removed after 8-10 days growth, at which time 

bottles were generally about one-half filled with new 

filaments. 

Strain 707 was used to determine the time of 

maximum cell division. Masses of filaments of approxi

mately equal size were placed in each of 18 bottles of 

fresh soil-water medium and allowed to grow for a period of 



8 days. At the end of this period there was a luxuriant 

growth of filaments in all bottles. 

Previous samples had shown that cells divided 

during the first 4-5 hr of the dark period. Therefore, 

samples were taken on the half hour starting at 8:00 A.M. 

and continuing to 12:00 noon. Over the remainder of the 

24-hr period, samples were taken only on the hour. 

Samples were fixed and stained, as described in a 

later section, to determine the percentage of cells under

going cell division at any one time. Four slides were 

prepared from each sample taken on the half-hour, and 250 

cells were examined per slide, for a total of 1,000 cells 

per sample. However, only two slides were prepared from 

each sample taken on the hour. Once again 250 cells per 

slide were counted and examined for mitotic figures, for a 

total of 500 cells per sampling. This represented a total 

of 18,000 cells counted during the entire 24-hr period. 

The counting was done with a Zeiss model GFL micro

scope equipped with a mechanical stage. The oil immersion 

objective was used in the actual counting. Starting from 

the top left side of the slide, all cells were counted 

which entered the field of vision during a vertical sweep 

down the slide. When the bottom edge of the slide was 

reached, the stage was moved to the left until a new field 

of vision was established. All cells were then counted in 
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a vertical sweep to the top of the slide. This process was 

continued until 250 cells per slide had been counted. 

Fixatives 

Many types of fixatives have been employed by 

investigators to preserve cytological material. The type 

of fixative used is often dependent on the material to be 

studied. Godward (1966b) has discussed fixatives which are 

often used in the study of algae. In the present study, 

however, the author has employed two lesser known fixa

tives . 

Jackson's Fixative. Jackson's fixative (Waer, 

1966) was successfully used to fix filaments prior to 

staining with propiocarraine. This fixative, containing 

methanol, ethanol, chloroform, acetone, and propionic acid 

(4:2:2:1:1) demonstrated the following advantages: 

1. The fixative cleared the filaments of chlorophyll 

within 30-4:0 min. This enabled the investigator to 

stain and observe the cells within a short period 

of time. 

2. The filaments could be stored in this fixative for 

extended periods at room temperature. However, 

according to Waer (1966) fixed filaments were best 

kept in a refrigerator at 2-k C. 

3. The fixative fragmented the long ribbon-like 

chloroplasts which often obscured the nucleus. 
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Freytag's Fixative. Freytag (1964) described a 

fixative prepared from concentrated hydrochloric acid, 

50.0% ethanol, and chlorox (2:2:1). This fixative was used 

primarily to aid in the spreading of chromosomes for 

cytological study. One problem encountered in the use of 

this fixative was that it failed to clear the filaments' of 

chlorophyll. To circumvent this problem the filaments were 

bleached and stored in 95«0% ethanol. This fixative was 

found to prevent the staining of the nucleolar substance by 

propiocarmine. 

Staining 

The iron alum acetocarmine method for staining 

chromosomes described by Godward (19^8, 1950a) has been one 

of the most useful cytological techniques developed in 

recent years. The principal advantage of this method of 

staining is the ease with which it is used and its relia

bility. According to Hoshaw (1968), failure in the use 

of this staining method probably has been due to poor 

technique on the part of the investigator. However, it 

must be stated that the degree of success with this 

procedure may vary slightly from one species to another. 

Waer ( 1 9 6 6 )  reported difficulty in the use of iron 

alum as a mordant because of the formation of iron alum 

crystals which often obscure the nucleus. In the present 

study ferric propionate was used as a mordant. This 
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mordant was prepared by placing a number of rusty nails in 

45.0% propionic acid until the solution was brownish-black 

in color. The solution was then filtered and placed in 

10-ml bottles fitted with droppers. 

Propiocarmine. Propiocarmine was prepared by 

slowly adding 1 gram of carmine dye to 200 ml of boiling 

propionic acid (k5-0%). This solution was boiled for 

approximately 30 sec after the addition of the dye. It was 

• « 1 ^ 

then filtered and stored in 10-ml bottles fitted with 

droppers. 

Filaments which had been fixed in either Jackson's 

or Freytag's fixatives were stained with propiocarmine by 

the following procedure: 

1. Filaments were washed in distilled water. 

2. Filaments were placed in full strength mordant for 

2-3 min after which they were allowed to drain. 

3. Filaments were placed on a slide with propiocarmine 

and spread with glass hooks. (Glass hooks were 

always used in handling the filaments since the 

material adhered to metal needles.) 

4. A cover glass was placed on the filaments, and the 

excess liquid was removed from around the cover 

glass. 

5• Filaments were flattened by placing a small pine 

board (l inch thick and k inches square) on the 
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cover glass and hitting the board with a hammer. 

The slide-was then sealed with a mixture of 

petrolatum and paraffin (l:l). The slides should 

be placed between paper towleing bcfoi-e flattening 

so as to absorb the liquid which is forced from 

under the cover glass. 

The major disadvantage with the use of propiocarmine 

for chromosome studies in the Zygnemataceae is that it 

stains the nucleolar substance. This problem was eliminated 

by using Freytag's fixative (Fig. 3-8). (All the figures 

for this manuscript follow the Summary except Figures 1 and 

2.) However, the bacteria on the cell wall were also 

stained by propiocarinine. These bacteria presented a 

special problem in strains with dot chromosomes, since the 

bacteria were in the size range of the chromosomes. 

The Feulgen Technique. Although numerous workers 

report that the Feulgen technique has yielded negative 

results with Spirogyra (Oura, 1953; Allen, 1958; Stocking 

and Gifford, 1959; Meyer, 1966), this technique was the 

most satisfactory one for studying chromosome numbers and 

morphology in Sirogonium. Geitler (1935a, 1935b) success

fully demonstrated the Feulgen technique with Spirogyra. 

Hillary (1939) suggested that the negative results which 

have been reported were due to the failure of the investi

gators to recognize the small chromocenters within the 
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nucleus of the test organism. This is particularly true of 

organisms that have a small number of chromocenters in the 

nucleus. 

Classically, the hydrolytic portion of the Feulgen 

technique is achieved through treatment with IN hydro

chloric acid at 60 +_ 2 C for a given period of time. How

ever, Itikawa and Ogura (195^) and Decosse and Aiello 

(1966) have demonstrated that the best results are obtained 

when hydrolysis is performed at room temperature in 5N 

hydrochloric acid. 

The following schedule for the Feulgen technique 

was utilized successfully on Sirogonium, Zygnema, Spirogyra, 

RhizocIonium, and Characium: 

1. Filaments were fixed in Ereytag's fixative for a 

period of 3-5 min, and then cleared in 95*0% 

ethanol. (When filaments were left in the fixative 

for periods of time in excess of 30 min, the 

intensity of the stain was reduced.) 

2. Filaments were washed in distilled water. 

3• Filaments were placed in 5N hydrochloric acid for 

20-30 min. (Filaments could be left in the acid 

for as long as 1.5 hr without any detectable 

damage.) 

4. Filaments were removed from the acid and washed in 

distilled water. 
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5. Filaments were placed in Schiff's reagent for 

20-30 min. The Schiff's_reagent was prepared by 

following the procedure of Darlington and LaCour 

(i960), substituting NagSOj. as the bleaching agent. 

The final preparation of Schiff's reagent was 

placed in a bottle which had been covered with 

aluminum foil to exclude light, and stored in the 

refrigerator at 2-4 C. 

6. Filaments were washed in tap water, mounted in 

45-0% propionic acid, and flattened in the same 

manner as described for propiocarmine. Slides 

prepared by this method were stored in the dark 

until needed for observations, since the stain had 

a tendency to fade if kept in the light for longer 

than 1 week. 

The principal advantage of the Feulgen technique is 

that only the chromatin is stained. Thus, chromosome 

number and morphology can be studied without interference 

f r o m  t h e  n u c l e o l a r  s u b s t a n c e  o r  b a c t e r i a  ( F i g .  9 ) •  

Sudan Black "B." Sudan black "B," which has been 

generally used in the past as a stain for lipids (Leach, 

1938, Hartman, 1940), was used successfully in staining the 

chromosomes of Sirogonium. The chemical reaction whereby 

Sudan black "B" stains the chromosomes of Sirogonium is not 

known; however, Fredricsson, Laurent, and Liining (1958) 
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stated that this stain is capable of staining nucleo-

protein as well as lipids. The stain gives chromosomes a 

dark brown color which appears black, when observed with 

a green filter. Bunker (1961) used Sudan black "B" as a 

simple, one-step stain and fixative for cell nuclei of 

mice. 

The stain was prepared after the method outlined by-

Cohen (19^9)- Equal portions of 1.0% Sudan black "B" in 

85«0% lactic acid, 1.0% Sudan black "B" in 20.0% formic 

acid, 1.0% Sudan black "B" in 100% propionic acid, and 

distilled water were mixed together slowly with constant 

stirring. This solution was then filtered and stored in 

10-ml bottles at room temperature. 

The use of Sudan black "B" in this study was con

fined to filaments which had been fixed in Freytag's 

fixative for a minimum of 1 hr and then cleared in 95*0% 

ethanol. The use of this stain with filaments which had 

been previously fixed in Jackson's fixative yielded only 

slightly stained nuclei. 

The principal advantages of Sudan black- "B" 

included its simplicity of use, and its failure to stain 

the nucleolus and the nucleolar substance. Furthermore, 

the solvent in which the stain was dissolved bleached other 

cellular organelles so that the chromosomes were seen 

against a light gray background (Fig. 10). The only dis-
9 

advantage of this stain was that it stained bacteria on the 
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cell walls. For this reason the Sudan black "B" was used 

only, in the study of chromosome morphology, and was not 

used for determining chromosome numbers. Table 2 

summarizes the four cytological methods which have been 

employed in this investigation. 

Photomicrography 

All black and white photomicrographs were taken 

with a Zeiss attachment camera which was fitted on a Zeiss 

standard microscope model GFL. Time of exposure was 

determined with a Photovolt Model 200 Photometer. Kodak 

Panatomic-X film, developed in either D-76 or Microdol-X 

high contrast developer, was used in all cases with the 

exception of Figures 39-^^* These figures were obtained by 

preparing negatives from Kodachrome slides. 

Difficulty was encountered in obtaining good photo

micrographs of the dot chromosomes of the ten unidentified 

strains of Sirogonium used in this study. High magnifica

tion was necessary and therefore the depth of field was 

considerably reduced. For this reason all chromosome 

counts were obtained by using a camera lucida attachment 

(Fig. 3^)* Despite the difficulties involving photography, 

numerous photomicrographs have been presented to supplement 

the text of this dissertation. 



Table 2. Comparison of cytological methods used to stain the nucleus and chromo
somes of Sirogonium. 

Structure or material stained 

Nucleolar-
organizing Nucleolar Chromocenters and 

Cytological methods Nucleolus tracks substance chromosomes 

Jackson's Fixative 
Propiocarmine + + + + 

Freytag's Fixative 
Propiocarmine + + 

Freytag's Fixative 
Sudan black "B" - + * - + 

Freytag's Fixative 
Feulgen technique - + + 

to 
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Observations and Results 

Photosynthetic organisms, which are grown on an 

alternating light and dark cycle approximating the natural 

day, reveal a fluctuation in the percentage of nuclear 

divisions. Generally, a mitotic peak is reached in either 

the light or dark cycle, with very little mitotic activity 

in the remainder of a 24 hr lightrdark cycle. Bold (1951) 

stated that in most freshwater algae, nuclear divisions 

occur most frequently at night, approximately between the 

hours of 10:00 P.M. and 2:00 A.M. An exception to this has 

been reported in the green alga Draparnaldia (Ferguson, 

1932) whose cells undergo mitotic division at 10:30 A.M. 

while growing in nature. 

Mitotic Peak and Mitotic Time 

In this study, strain 707» when placed on a 12:12 

hr light:dark cycle, revealed a mitotic peak of 12.6%, 1.5 

hr after the beginning of the dark period (Fig. l). The 

mitotic divisions increased during the last 2 hr of the 

light cycle, and after reaching a peak at 10:30 A.M., the 

divisions decrease gradually until 5;00 P.M. From 

5:00 P.M. until 7:00 A.M. the following morning, there was 

little if any mitotic activity. 

In order to determine the duration of mitosis, the 

method described by Brandham and Godward (1965) was used. 

The cells were sampled over a 24-hr period, and the 



Figure 1. Percentage of cells dividing in strain 707« 
The organisms were grown in soil-water medium 
on a 12:12 hr light:dark cycle with a light 
intensity of 3000-3500 lux at a temperature 
of 20 + 2 C. 
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percentage of prophase stages and the percentage of telo

phase stages were plotted against time (Fig. 2). 

It can be seen from Figure 2 that the curve showing 

prophase stages between 9:00 A.M. and 9^0 A.M. is approxi

mately parallel to the curve showing telophase stages 

between 10:00 A.M. and 10:30 A.M. This indicated that 

nuclei were entering and leaving prophase at the same rate 

as nuclei were entering and leaving telophase. 

Each point on the curve showing prophase stages 

represents all stages of prophase, and each point on the 

curve showing telophase stages represents all stages of 

telophase. For this reason, the parallel portions of the 

curves were accepted as representing the mid-points of 

prophase and telophase, respectively. Therefore, the 

horizontal line between the parallel portions of the pro

phase and telophase curves was assumed to represent the 

time between mid-prophase and mid-telophase. This time was 

approximately 65 min. 

The time for a given cell to pass from one phase of 

mitosis to another is related proportionally to- the number 

of individual phases observed in a fixed sample at a given 

time. This, of course, assumes that the time between 

phases of mitosis remains constant. 

Out of a total of 18,000 cells examined, 700 were 

found to be in some stage of division. From these 700 

cells ratio number 1 was obtained: 



Figure 2. The percentage of prophase and telophase nuclei 
in strain 707 between 7:00 A.M. and 1:00 P.M. 
The organisms were grown in soil-water medium 
on a 12:12 light:dark cycle with a light 
intensity of 3000-3500 lux and a temperature of 
20 + 2 C. 



Figure 2. The percentage of prophase and telophase nuclei in strain 707 between 
7:00 A.M. and 1:00 P.M. 

to 
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(1) P 315: M 6 7 :  A 8 0 :  T 2 3 8  

In order to reduce this ratio, the number of prophases, 

metaphases, anaphases, and telophases was divided by 67* 

Through this manipulation, ratio number 2 was obtained: 

(2) P 4.701: M 1.000: A 1.194: T 3.552 

Since the time of 6 5  min takes into account only one-half 

of the prophases and one-half of the telophases, ratio 

number 2 was modified as follows: 

(3) 1/2 P 2.350: M 1.000: A 1.194: 1/2 T 1.776 

The time period between mid-prophase and mid-telophase was 

therefore proportioned according to ratio number 3» pro

ducing the following mitotic times: 

1/2 P 24.165: M 10.283: A 12.277: 1/2 T 18.262 

Therefore: 

Prophase = 48.3 min 

Metaphase = 10-3 min 

Anaphase = 12.3 min 

Telophase = 36.5 min 

By totaling the above figures, it was found that 

the duration of mitosis in Sirogonium 707 was approximately 

107*4 min. The time from the beginning of prophase to the 

beginning of telophase is 70.8 min, which compares favorably 

with a time of 65 min as measured from Figure 2. 

With the use of phase contrast microscopy, an 

effort was made to correlate the above findings with an 

in vivo observation of strain 707. Initial difficulty was 
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encountered in determining which cell was to divide. This 

problem was eliminated when it was noticed that cells prior 

to division always had a ring of unidentified spherical 

organelles in the area where the new cross wall was to 

form. Bisalputra, Ashton, and Weier (1966) observed 

similar structures in Chlorella and later identified these 

structures as dictyosomes. 

Since these spherical organelles were present at 

least 30 min before any evidence of nuclear division was 

observed, cells could be followed through the entire 

division. Six dividing cells were observed. The time of 

division ranged from 90-110 min with an average of 105 min 

per division. The average division time of 105 min 

compares favorably with 107 min calculated time for a 

mitotic division. These observations were conducted under 

high light intensity, which may account for the variation 

in mitotic times for the six cells. 

The Interphase Nucleus 

The interphase nucleus of the living Sirogonium 

cell is an ellipsoidal organelle, suspended in the cell 

vacuole by cytoplasmic strands. These strands appear to 

attach to the chloroplast in the vicinity of the pyrenoids. 

Nuclei of the ten strains observed in this study were found 

to range from an average length of 9-3-17.6 microns with a 

width range of 6.5-9.9 microns (Table 3). 

0 



Table 3« Summary of cytological observations on ten strains of Sirogonium. 

Strain 

Nuclear 
length in 
microns 

Nuclear 
width in 
microns 

Nucleolar 
diameter 

in microns 
Nucleolar 
number 

Chromosome 
number 

Number of 
satellite 

chromosomes 

702 17.6 9-9 4.8 1-3 95 +_ 5 2 

703 11 •7 7.4 3-6 1-3 60 + 2 2 

704 17.7 8.9 4.0 1-3 100 _+ 2 
1  
1 1 

705 9-3 6-7 2.8 1-2 53 _+ 2 2 

706 11-5 6.7 3 .4 1-2 48 _+ 2 2 

707 11.4 6.9 3 . 8  " 1-2 49 +_ 2 2 

708 13.9 7.9 3 . 8  1-2 48 +_ 2 2 

711 10.7 6.5 4.2 1-3 53 _+ 2 1 

712 10.6 8.1 3 . 9  1-2 53 + 2 ? 

714 10.1 7.2 3 . 3  1-2 54 + 2 2 

Each nuclear and nucleolar measurement is an average based on 50 
observations. 
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Cells generally had only one nucleolus per nucleus, 

occupying approximately one-third to one-half of the 

nuclear width. However, a small percentage of nuclei (less 

than 1.0%) contained two or three nucleoli. The number of 

nucleoli appeared to be related to the age of the cells. 

Young, rapidly growing cultures contained cells which were 

likely to have more than one nucleolus per nucleus. Cells 

from older cultures (4-5 weeks) typically contained only 

one nucleolus per nucleus. Nucleolar diameter was inversely 

proportional to the number of nucleoli present per nucleus. 

Data on nucleoli number and diameter are recorded in 

Table 3« 

The interphase nucleus stained with propiocarmine 

appeared as a spherical organelle, with a nucleolus, 

nucleolar-organizing track, and chromocenters. The 

nucleoli were composed of a dark-staining outer portion and 

a light-staining internal portion. Within this internal 

portion were fine, thread-like coils of the nucleolar-

organizing track or tracks (Fig. ll). A similar internal 

structure for the nucleolus of Spirogyra has been described 

by Godward (19^7, 1950a). 

In nuclei containing more than one nucleolus, each 

nucleolus appeared to contain a single nucleolar-organizing 

track. However, when there was only one nucleolus present, 

the track appeared more complex. This increased complexity 

may have been due to the presence of more than one track in 



the single nucleolus; however, this was not definitely 

established in all cases. Figure 11 shows that the tracks 

of strain 71^ are often attached to chromatin granules in 

the vicinity of the nucleolus. These granules have been 

referred to as chromocenters (Geitler, 1930; Godward, 

19^7). 

The nucleolar-organizing tracks were Feulgen 

positive, indicating the presence of DNA. Feulgen positive 

material was also found by Snoad (1956) in the nucleolus of 

the araaryllidacean species, Phaedranassa carmioli. Figures 

12 and 13 show the coiling of the Feulgen positive track 

within the nucleolus of strain 707, and the association of 

this track with a nucleolar-organizing chromosome. 

Nucleolar-organizing tracks stained with propiocarmine 

appeared much thicker than those stained with the Feulgen 

technique. 

When incubated at 37 C for 3 hr with 0.3 mg/ml of 

ribonuclease, the track was the only part of the internal 

nucleolus remaining (Fig. lk). However, this treatment did 

not appear to decrease substantially the diameter of the 

nucleolar-organizing track. 

In the interphase nucleus only the chromocenters 

stained with the Feulgen technique or Sudan black "B." 

Figure 15 shows the chromocenters of strain 700 after 

staining with Sudan black "B." Nuclei of all strains, 

except 700, stained very dark with the Feulgen technique 



because of the several hundred chromocenters per nucleus. 

The chromocenters of a given nucleus were connected by 

strands of Feulgen positive material. In nuclei stained 

with either the Feulgen technique or Sudan black "B," the 

nucleoli were seen as a non-staining area within the mass 

of chromocenters (Fig. l6), and often nucleolar-organizing 

chromosomes or the largest chromocenters were closely 

associated with the non-staining area. 

Nucleolar Substance 

Geitler (1935a) was the first to use the term 

"nucleolar substance" in referring to the stainable 

material closely associated with the chromosomes of 

Spirogyra during mitosis. A similar material was observed 

by Waer (1966) in Sirogonium melanosporum. In the present 

study, nuclei of all ten strains were found to contain 

nucleolar substance. With the exception of strain 702, the 

formation and movement of this substance during mitosis 

showed little variation among the different strains. 

The nucleolus of strain 702 enlarged just prior to 

the beginning of prophase. However, in contrast to other 

strains, the nucleolus did not lose its spherical shape 

during early prophase. As prophase progressed, the outline 

of the nucleolus remained dark, but the inner portion 

became lighter in color and less dense, possibly indicating 

that the internal portion of the nucleolus disorganized 



before the outer portion. For this reason, the spherical 

shape of the nucleolus was maintained. During mid-

prophase, the nucleolar substance appeared to migrate from 

the area of the -original nucleolus and adhere to the 

individual prophase chromosomes. At metaphase and ana

phase, the chromosomes were completely engulfed by the 

nucleolar substance, and individual chromosomes were not 

usually observed. 

The nucleolus of the remaining nine strains 

enlarged immediately prior to division. However, unlike 

strain 702, the nucleoli began to lose their characteristic 

spherical shape. The nucleolar substance stained with the 

same intensity as the interphase nucleolus, and also showed 

some remains of the nucleolar-organizing tracks (Fig. 17)• 

At mid to late prophase, the chromosomes appeared to 

migrate into the nucleolar substance. At metaphase, the 

chromosomes were surrounded by the nucleolar substance; 

however, they were not completely masked by it (Fig. l8). 

In strain 707 the nucleolar substance often started to move 

toward the poles ahead of the chromosomes, yet at mid 

anaphase, the chromosomes were once again completely 

engulfed in this material. Because of the intensity with 

which propiocarmine stained the nucleolar substance, the 

anaphase chromosomes were rarely identified. 

During telophase the chromosomes of the ten strains 

were seen as long, thin threads with the nucleoli beginning 
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to reorganize. Nucleolar reorganization began with the 

appearance of many small "globs" of dark staining material 

which fused to form larger "globs" (Fig. 19). This fusion 

continued until one to three nucleoli were completely 

reorganized. The actual origin of these "globs" of 

nucleolar material was not determined; however, Figure 20 

shows that these "globs" were sometimes associated with one 

or two chromosomes at telophase. 

An attempt was also made to follow the nucleolar 

substance sequentially from disorganization to reorganiza

tion by observing mitosis in vivo with the use of phase 

contrast microscopy. The nucleolus was observed as a 

grayish body which expanded in volume, disorganized, and 

followed the chromosomes through division. During telo

phase, small grayish "globs" were seen to appear in all 

parts of the reorganizing nucleus. These small "globs" 

fused to form nucleoli and in the process small light areas 

resembling vacuoles were seen to appear in the nucleoli. 

Thus, observed events and inferred events of the division 

cycle compared favorably. 

Chromosomes 

The ten unidentified strains of Sirogonium used in 

this study contained numerous dot chromosomes ranging from 

48-100 (Fig. 3^)» which measured from 0.5~3-5 microns in 

length. All chromosomes were in the size range of 0.5-1*5 
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microns with the exception of the satellite chromosomes; 

these ranged in length from 2.0-3-5 microns. Observations 

made at prophase indicated that nucleolar-organizing 

chromosomes and satellite chromosomes were identical. 

Godward (19^7) made a similar observation in a species of 

Spirogyra. Satellite chromosomes were observed most often 

at anaphase, while trailing behind the two anaphase plates. 

The number of satellite chromosomes observed was one or two 

per nucleus and varied among the strains with two recorded 

as the highest number. 

During interphase, chromatin stained by the Feulgen 

technique was seen as a compact area of small, dark stain

ing chromocenters, which began to enlarge as prophase was 

initiated. This enlargement of chromocenters was particu

larly evident in the area adjacent to the nucleolus, where 

chromocenters were often—seen attached to the nucleolar-

organizing tracks of the nucleolus. 

Prophase chromosomes showed areas of discontinuous 

staining, producing a beaded appearance. This was evident 

whether the chromosomes were stained with the Feulgen 

technique, Sudan black "B," or propiocarmine (Fig. 21-22). 

Chromosomes in this stage of contraction were 5-6 microns 

long; howe'ver, by late prophase, the chromosomes had so 

contracted that the beaded appearance was lost, and stain

ing appeared completely homogenous. In this late prophase 

condition, the chromosomes varied in shape from short rods 
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to spheres. At no time during prophase were chromatids 

conspicuously evident. 

No observations were made on the centromeric condi

tion of the dot chromosomes. Occasionally a light area was 

observed on certain prophase chromosomes. There was no 

evidence at the time of chromosome movement to indicate 

that this was the area of the centromere. 

Sirogonium melanosporum (Vaer, 1 9 6 6 ;  Hoshaw and 

Waer, 1967) has been shown to contain six large chromosomes 

up to 5-6 microns long which exhibit a compound centro

meric condition, i.e., a diffuse-centric or polycentric 

condition. Waer also found that the interphase nucleus of 

Sirogonium melanosporum contained only a few (15~25) large 

chromocenters. Figure 15 shows the chromocenters of 

SiroRonium melanosporum after staining with Sudan black 

"B." It therefore appears that species of Sirogonium with 

numerous small chromocenters have numerous dot chromosomes, 

and species with a few large chromocenters have large 

chromosomes which are few in number. This condition has 

also been observed in Spirogyra (Godward, 1950a). 

The behavior of the chromosomes in the ten strains 

during mitosis does not deviate from the classical inter

pretation of this event. Therefore, chromosome movement is 

not discussed, and the remarks here are confined to 

morphological characterization of the chromosomes of each 

strain. 
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Sirogonium 702. The nuclei of this strain averaged 

17•6 microns long and 9*9 microns wide. Several hundred 

chromocenters were scattered throughout the nucleus and 

three to four large chromocenters were found closely 

associated with the nucleolus and the two nucleolar tracks. 

Chromosomes of early prophase were long and showed 

evidence of discontinuous staining. This staining pattern 

gave the early prophase chromosomes a beaded appearance 

which disappeared by late prophase because of the extreme 

contraction of the chromosomes. At late prophase these 

structures measured 0.5-1*5 microns long. No chromosomes 

were associated with the nucleolus at prophase. 

An exact chromosome count was no.t obtained; however, 

the number ranged between 95 and 100 with one and possibly 

two satellite chromosomes present. 

Sirogonium 703« The interphase nuclei of this 

strain averaged 11.7 microns long by 7«^ microns wide, and 

chromocenters (hundreds) of equal size were evenly dis

tributed throughout the nucleus. Two or three large 

chromocenters were often found closely associated with the 

nucleolus and the nucleolar-organizing tracks, and probably 

represented the interphase equivalent of the nucleolar-

organizing chromosomes. 

At the initiation of prophase, the nucleolus dis

organized and the chromocenters condensed to form long, 

thin chromosomes, which showed discontinuous staining. 
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After further condensation, mid-prophase chromosomes were 

evenly distributed throughout the nucleus, and varied in 

size and shape. These chromosomes were generally rod-like, 

and measured from 1.0-4.0 microns in length. By late pro

phase the chromosomes ranged from 0.5-2.0 microns in 

length, and all evidence of discontinuous staining had 

disappeared. Figure jk (strain 703) shows a late prophase 

nucleus, from which 60 +_ 2 chromosomes were counted. 

Although no nucleolar-organizing chromosomes were seen in 

this prophase, evidence from other prophases and anaphases 

indicated the possible presence of two such chromosomes. 

Metaphase chromosomes were spherical and approxi

mately 0.5-1«0 microns in diameter. Because of the small 

size of chromosomes, no chromatids were seen until ana

phase, and at this time, a single chromosome was seen 

trailing behind each of the two anaphase plates. 

Sirogonium 70^. The nuclei of this species aver

aged 17.6 microns long and 8.9 microns wide. Numerous 

small chromocenters were evenly distributed throughout the 

nucleus with one to four of the larger chromocenters 

associated with the nucleolus and the nucleolar-organizing 

tracks. 

Chromosomes of early prophase appeared as long, 

thin structures which showed slight evidence of discontinu

ous staining. These chromosomes began forming in the 

vicinity of the nucleolus, approximately at the same time 



4o 

that the nucleolus was disorganized. At least one chromo

some was generally seen associated with the nucleolar 

substance. Mid-prophase chromosomes were evenly dis

tributed throughout the nucleus, and their sizes ranged 

from approximately 0.5-1*5 microns in length. Because of 

the extreme contraction of these chromosomes, no evidence 

of discontinuous staining was observed. 

The metaphase plate in polar view was round to 

oblong in shape. Figure jk (strain 704) shows 100 _+ 2 

chromosomes. These are typical dot chromosomes with little 

variation in size and shape. At no time was evidence 

obtained concerning the centromeric condition of these 

chromosomes, and because of their extremely small size, 

chromatids were not observed until early anaphase. During 

anaphase, a single satellite chromosome was seen. 

Sirogonium 705* The nuclei of strain 705 were 

found to be 9*3 microns long and 6.7 microns wide, and they 

stained very dark with the Feulgen technique, a condition 

attributed to the presence of several hundred chromocenters 

in a relatively small nucleus. Two or three chromocenters 

were generally associated with the nucleolus and the 

nucleolar-organizing tracks. Likewise, a nucleolar-

organizing chromosome was often seen attached to the 

n u c l e o l u s  o f  t h e  i n t e r p h a s e  n u c l e u s  ( F i g .  2 3 ) .  

Chromosomes appeared in the nucleoplasm about the 

same time as the nucleolus began to disorganize. These 



early prophase chromosomes showed discontinuous staining; 

however, as contraction continued, this staining pattern 

disappeared, -Occasionally, two chromosomes were seen in 

association with the nucleolar substance (Fig. 2k). 

Chromosomes of mid-prophase were spread throughout the 

nucleus and varied in length from approximately 0.5-2.5 

microns. Figure jk (strain 705) shows 53 +. 2 chromosomes. 

No nucleolar-organizing chromosomes were seen in this 

preparation. 

Chromosomes of metaphase and anaphase were com

pletely engulfed in nucleolar substance, and were only seen 

when stained with the Feulgen technique or Sudan black "B." 

Anaphase stages of mitosis revealed only a single satellite 

chromosome. 

During telophase, the chromosomes were observed as 

long, thin, thread-like bodies. In some cases, one or two 

chromosomes with large "globs" of nucleolar material 

attached to their ends were observed (Fig. 20). 

Sirogonium 706. The interphase nuclei of this 

strain were found to average 11.5 microns long and 6.8 

microns wide. Hundreds of small chromocenters were 

distributed throughout the nucleus, and two to three large 

chromocenters were found in close association with the 

nucleolus and the nucleolar-organizing tracks. A single 

nucleolar-organizing chromosome was occasionally seen 

connected to the nucleolus during interphase. 
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At the beginning of prophase, chromosomes showed 

definite discontinuous staining, which made them appear 

beaded. As the chromosomes contracted further, the stain

ing pattern disappeared, and the chromosomes appeared to 

stain homogeneously. Early prophase was characterized by 

the presence of two long satellite chromosomes (Fig. 25-

26). The area within the broken line of Figure 26 was 

interpreted as the area of the nucleolar substance. Since 

only the secondary constrictions of the satellite chromo

somes were ever seen in that area, these chromosomes were 

considered to be nucleolar-organizing chromosomes. Mid-

prophase chromosomes were evenly distributed throughout the 

nucleus and ranged in size from approximately 0.5-2.5 

microns in length. Most chromosomes observed at this time 

were short rods, although some spherical chromosomes were 

also observed. Figure 3^ (strain 706) contains k& +_ 2 

chromosomes. 

The metaphase plate was almost spherical, and the 

fiiajority of the chromosomes were less than 1.5 microns in 

length. During anaphase, the chromatids were seen for the 

first time, and also two satellite chromosomes were 

observed trailing behind the two chromosome groups. 

Sirogonium 707» The interphase nuclei of this 

strain  a v e r a g e d  a p p r o x i m a t e l y  1 1 . 5  mi c r o n s  l o n g  a n d  6 . 9  

microns wide. Numerous chromocenters were scattered 

throughout the nucleus, and usually two or three large 



chromocenters were found closely associated with the 

nucleolus and the nucleolar-organizing tracks. In some 

nucleoli, two distinct nucleolar-organizing tracks were 

seen. 

Chromosomes of early prophase were long and thin, 

with only slight evidence of discontinuous staining. Often 

two relatively long chromosomes were seen in the area 

occupied by the nucleolar substance, and were thus con

sidered to be nucleolar-organizing chromosomes. Chromo

somes at mid-prophase varied in length from approximately 

0.75-3•5 microns, and were distributed throughout the 

nucleus. Figures 27 and 28 show satellite chromosomes 

during prophase. 

Metaphase chromosomes ranged in size from 0.5-3-5 

microns long; the satellite chromosomes were the longest. 

From Figure 3^ (strain 707) » ^9 +. 2 chromosomes were 

counted. 

Two satellite chromosomes were often seen trailing 

behind the anaphase plates. There was no evidence to 

indicate that the chromosomes of this strain were compound 

until the chromatids separated at anaphase. 

Sirogonium 708. The interphase nuclei of strain 

708 averaged 13*8 microns long and 7»8 microns wide. 

Chromocenters of various sizes were evenly distributed 

throughout the interphase nucleus, and often the larger 

ones were closely associated with the nucleolus. Figures 
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29 and 30 show two nucleolar-organizing chromosomes 

attached to the nucleolus of an interphase nucleus. 

Chromosomes of early prophase showed only slight 

evidence of discontinuous staining; however, by mid-

prophase this discontinuous staining had disappeared. 

From Figure 3^ (strain 708), 48 2 chromosomes were 

counted. These chromosomes varied in length from 1.0~3»5 

microns. 

The compound nature of the chromosomes was not 

detectable during prophase or metaphase. It was not until 

anaphase that the chromatids were seen. During this stage 

of division, one satellite chromosome was observed. 

Sirogonium 711• The interphase nuclei of this 

strain averaged 10.7 microns long and 6.5 microns wide. 

Chromocenters of various sizes were scattered throughout 

the nucleoplasm, with one or two closely associated with 

the nucleolar region. 

Chromatin condensation coincided approximately with 

enlargement and disorganization of the nucleolus. Chromo

somes were seen as long, thin threads, with only slight 

indication of discontinuous staining. No chromosomes were 

definitely associated with the nucleolus at prophase. 

However, one satellite chromosome was seen at anaphase. 

Figure 3^ (strain 711) shows 53 ^ chromosomes. 

Sirogonium 712. The nuclei of this strain averaged 

10.6 microns long and 8.1 microns wide. Chromocenters were 
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numerous, and evenly distributed throughout the nucleus, 

with two or three large granules closely associated with 

the nucleolus. 

The chromosomes showed slight discontinuous stain

ing at early prophase, which disappeared as the chromosomes 

contracted. Mid-prophase chromosomes varied in shape and 

size; the majority were rod-like, and approximately 1.0-1.5 

microns in length. From Figure 3^ (strain 712) 53 +. 2 

chromosomes were counted. At no time were any satellite 

chromosomes observed in the nuclei of this strain. 

Sirogonium 71^. The interphase nucleus of strain 

71** averaged 10.1 microns long and 7-2 microns wide. 

Hundreds of dark-staining chromocenters were evenly dis

tributed throughout the nucleus, and generally two or three 

larger chromocenters were closely associated with the 

nucleolus and the nucleolar-organizing tracks. Often one 

or two nucleolar-organizing chromosomes were seen attached 

to the nucleolus (Fig. 16). 

Chromosomes of early prophase showed definite 

discontinuous staining, which for the most part-disappeared 

by late prophase. One or two chromosomes were often seen 

in association with the nucleolar substance, and connected 

to structures resembling the nucleolar-organizing tracks of 

the nucleolus. These chromosomes were considered to be the 

nucleolar-organizers (Fig. 31). Chromosomes of mid-

prophase, mostly rods and spheres, were found to range from 



approximately 0.75~3«0 microns long. Figure jk (strain 

71^) shows 5k +_ 2 chromosomes. 

At metaphase the chromosomes were reduced to 

approximately 1.0-1.5 microns long. As the chromosomes 

separated at anaphase, one and occasionally two satellite 

chromosomes were seen trailing behind the two plates (Fig. 

32-33). 

Discus sion 

The ten unidentified strains used in this study 

were all found to undergo mitotic division approximately 

1-2 hr after initiation of the dark cycle of a 12:12 hr 

light:dark cycle. Other zygnematacean algae, such as 

Spirogyra (Merriman, 1916; McAllister, 1931; Allen, 1958) 

a n d  Z y g n e m a  ( M e r r i m a n ,  1 9 0 6 ;  P r a s a d  a n d  G o d w a r d ,  1 9 6 6 ) ,  

also undergo mitotic division during the dark period. 

Brandham and Godward (1965) have reported on the 

mitotic peaks of two well-known desmids. They found that 

Cosmarium botrytis, observed over a 2^-hr period, showed a 

continuous low background of mitotic divisions, which 

gradually built up to a peak the last 2 hr of the dark 

period. Closterium slique, on the other hand, revealed no 

background mitosis, with a mitotic peak 3 hr after the 

initiation of the light period. Leedale (1959) found that 

pigmented forms of Euglena had a mitotic peak in the dark, 



47 

while nori-pigmented forms exhibited a mitotic peak in the 

light. 

Although strain 707 revealed a mitotic peak 1.5 hr 

after initiation of the dark cycle, the number of cell 

divisions began to increase during the last 2 hr of the 

light period (Fig. l). Approximately 0.5 hr before the end 

of the light cycle (8:30 A.M.), the percentage of cells 

undergoing mitosis was slightly over k.0% and by the time 

the" light cycle ended (9:00 A.M.), the percentage of 

mitosis was slightly above 5*0%. Allen (1958) found that 

Spirogyra pratensis growing on a l6:8 hr light:dark cycle 

exhibited similar results, in that mitotic divisions began 

3-k hr before the beginning of the dark period. Contrary 

to the report by Karsten (1918), this evidence indicates 

that light does not inhibit mitosis. The data also imply 

that less than 12 hr of light is needed to initiate 

mitosis. Once a mitotic division was initiated in a cell 

of strain 707» the cell completed the division cycle 

regardless of whether it was in the dark or the light. 

Waer ( 1 9 6 6 )  found that S5 irogonium melanosporum 

growing on a 12:12 hr light:dark cycle, exhibited a mitotic 

peak 1 hr after initiation of the dark cycle, and he 

reported no mitotic divisions prior to the dark cycle. On 

a 16:8 hr light:dark cycle he found that a mitotic peak was 

reached approximately 3 hr after initiation of the dark 

period. Therefore, he concluded that more than 8 hr but 



k 8  

less than 12 hr of light was needed to initiate cell 

division in Sirogoniuin melanosporum. 

From Figure 1 it can be observed that there are 

fluctuations in the percentage of mitotic divisions between 

the times of 9:00 A.M. and 11:00 A.M. This probably can be 

attributed to the use of soil-water as the culture medium. 

It seems logical that two bottles of this medium would vary 

relative to nutritive content. This in turn might cause 

different rates of growth which would be reflected in the 

percentage of nuclear divisions. 

Spirogyra and Sirogonium share a number of cyto-

logical features which appear to be confined almost entirely 

to the Zygnematales. Among these are the presence of a 

nucleolus with a complex, readily observable, internal 

organization; nucleolar substance; the scarcity of chromo

somes with localized centromeres. Dr. M. B. E. Godward 

(19*17, 19'i8, 19'i9, 1950a, 1950b, 1953, 195^a, 195^b, 195^c, 

1956, 1966a) has reported the majority of the modern work 

on the nuclear cytology of Spirogyra, the most extensively 

studied zygnematacean alga. 

The interphase nuclei of the ten unidentified 

strains used in this study were strikingly similar whether 

stained with propiocarmine, the Feulgen technique, or Sudan 

black "B." The Feulgen technique revealed that the nuclei 

of all strains contained hundreds of chromocenters. 

Figure 11 shows the association of two chromocenters of 



strain 71^ with the nucleolar-organizing tracks of the 

nucleolus. The combination of these two structures was 

interpreted as the interphase equivalent of the nucleolar-

organizing chromosomes. When the Feulgen-stained 

'nucleolar-organizing tracks of strain 707 (Fig* 12) are 

compared with the propiocarmine-stained nucleolar-

organizing tracks of strain 71^ (Fig. ll), the 

propiocarmine-stained track appears thicker. Since the 

Feulgen technique is specific for DNA, a comparison of the 

two figures appears to indicate that the nucleolar-

organizing track is composed of other material in addition 

to DNA. Although the preceding comparison involves two 

different strains, a combination of morphological, 

reproductive, and cytological evidence appears to indicate 

that these two strains represent only one species. 

Figure l4 shows the nucleolus of strain 71^ after 

3 hr of ribonuclease treatment. Although much of the 

nucleolus was removed, the track remained as a unit. This 

appears to eliminate the possibility that a major portion 

of the track is composed of RNA. No further experiments 

have been carried out to elucidate the chemical nature of 

the internal nucleolar structure. 

Examination of living material revealed the 

presence of light areas, resembling vacuoles, in the 

nucleolus, although stained material failed to reveal the 

presence of these vacuoles. Godward (1950a) suggested that 



vacuoles which appeared in the nucleolus of Spirogyra were 

due to artifacts; however, other investigators (Lafontaine 

and Chouinard, 1963; Chouinard, 1964) have demonstrated 

vacuoles in the nucleoli of other plant species. 

Nucleolar number was not constant, but appeared to 

vary relative to the age of the cell. Nuclei which had 

recently divided generally contained two to three nucleoli. 

This variation was attributed to the degree of fusion of 

"immature nucleoli." In most respects, the nucleoli of 

Sirogonium are very similar to those described by Godward 

(19^7i 1950b) and Oura (1953) for Spirogyra. 

The nucleolar substance is perhaps the most 

striking feature observed in the dividing nucleus of 

Sirogonium and its relatives. Although few algae reveal 

this material, Cladophora alpina (Geitler, 1936) and 

Euglena (Krichenbauer, 1937) are among those which do show 

a stainable nucleolar material during mitosis. However, 

this material is not associated with the chromosomes during 

mitosis like the nucleolar substance of Sirogonium and 

Spirogyra. 

The presence of nucleolar substance has led many 

investigators to report a nucleolar origin for the chromo

somes of Spirogyra. Doraiswami (19^6) has presented an 

excellent review of the older literature concerning this 

problem of chromosome origin. Geitler (l935.b) and Suematsu 

(1936) with the aid of the Feulgen technique were able to 
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prove the nuclear origin of the chromosomes of Spirogyra. 

However, Ueda (195&) stated that the nucleolus of Spirogyra 

consisted chiefly of the "main chromosomal-body," and the 

nucleolar substance was nothing more than the chromosomes. 

Doraiswami (19^6) and Godward (1953) have described 

in detail the nucleolar substance of a number of species of 

S£i rogyra. Godward stated that there are three patterns of 

nucleolar disorganization in Spirogyra: (l) a gradual 

dissolution, (2) sudden dispersal of the nucleolus into 

globs and granules of material, and (3) simply a dis

appearance of the internal structure of the nucleolar 

"membrane." 

Nuclei of Sirogonium stained with propiocarmine 

revealed two types of nucleolar disorganization. In both 

cases the disorganization of the nucleolus was gradual; 

however, from Figure k it can be seen that the nucleolus of 

strain 702 appears to maintain its external outline and 

become lighter in the center. By mid-prophase the nucleolar 

substance was associated with individual chromosomes. In 

the remaining strains the nucleolus lost its external 

outline early in prophase. The chromosomes secondarily 

migrated into the mass of nucleolar substance which, 

although expanded in size, did not migrate from the area 

occupied by the original nucleolus. 

Figure 18 shows that the nucleolar substance of 

strain 707 more or less surrounds the metaphase plate. 
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This indicates that the nucleolar substance is very closely 

associated with the individual chromosomes at metaphase. 

However, at anaphase, the chromosomes are completely 

engulfed by the nucleolar substance. 

The manner of distribution of nucleolar substance 

at anaphase was not determined. However, from Figure 33 it 

appears logical to correlate the movement of this substance 

with that of the chromosomes. In Sirogonium the movement 

and distribution of the nucleolar substance is probably 

passive, that is carried by the chromosomes. Godward 

(1953) reported that in Spirogyra oblata part of the 

nucleolar substance preceded the chromosomes to the poles. 

Since the nucleolar substance stains in a very 

similar manner to the interphase nucleolus, there has been 

some question as to its chemical composition. Geitler 

(1935b) reported that the nucleolar substance of Spirogyra 

was Feulgen negative and Godward (1953) reported that it is 

stained by pyronin but not by methyl green. In the present 

study, cells which were known to be dividing were treated 

with ribonuclease with no apparent effect on the nucleolar 

substance. This seems to eliminate the possibility that 

the nucleolar substance is composed entirely of RNA. 

Therefore, the chemical composition of this material is 

still open to question. 

The role of the nucleolar substance in the 

reorganization of nucleoli during telophase has not been 
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determined. Godward (1953) stated that in Spirogyra the 

nucleolar substance appears to be used up during the telo

phase reorganization of nucleoli. Birnstiel (1967) stated 

that the reformation of nucleoli is dependent on specific 

chromosomes. 

In Figure 20, globs of nucleolar material are seen 

to be closely associated with certain chromosomes. It was 

not determined whether these were nucleolar-organizing 

chromosomes, therefore, it is impossible to show a rela

tionship between these globs and the adjacent chromosomes. 

If these chromosomes are nucleolar-organizing chromosomes, 

then the nucleolar globs are likely to be small nucleoli 

condensing onto the nucleolar-organizing sites. If, on the 

other hand, these globs are the remains of the nucleolar 

substance, it appears that this material might play a part 

in nucleolar reorganization. Figure 19 shows that there 

are more nucleolar globs than there are nucleolar-organizing 

chromosomes for the particular strain represented. In vivo 

observations also substantiate that numerous small globs 

appear in the telophase nucleus, exceeding the number of 

nucleolar-organizing chromosomes. One possible explanation 

is that many micro-nucleoli are formed on the nucleolar-

organizing sites of the nucleolar-organizing chromosomes 

and released into the nucleoplasma to fuse with other 

micro-nuclei, eventually forming normal sized nucleoli. 

However, one can not rule out the possibility that these 
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globs represent the role of the nucleolar substance in 

nucleoli reorganization. 

It is generally recognized that the chromosomes of 

most organisms contain a single, well-defined centromere. 

However, Godward (1965) pointed out that the lack of a 

localized centromere in chromosomes is a phenomenon which 

is widespread throughout the plant and animal kingdoms. 

Chromosomes without localized centromeres are characterized 

by parallel separation of chromatids at anaphase, a feature 

described by Geitler (1930) for Spirogyra crassa. Godward 

(1949) described the chromosomes of the genus Spirogyra as 

large, without localized centromeres; medium, with a single 

localized centromere; or minute dots with no detectable 

centromere. Electron microscopic studies of Closterium 

ehrenbergii and Micrasterias sp. (Godward, 1966a) revealed 

no specific centromeres to which bundles of spindle fibers 

could be attached. 

The chromosomes of Sirogonium show a distinct lack 

of localized centromeres. Waer (1966) found that Sirogonium 

melanosporum had six large chromosomes which showed parallel 

separation of chromatids at anaphase. All other species of 

Sirogonium investigated have contained only dot chromosomes 

without detectable centromeres. 

From Figures 21 and 22 it can be seen that chromo

somes of Sirogonium appear banded or beaded, indicating a 

large amount of heterochromatin. Strain 700 continued to 



show this banded pattern up through metaphase when stained 

with either the Feulgen technique or Sudan black "B"; 

however, chromosomes of the remaining strains with dot 

chromosomes lost all evidence of this staining pattern by 

late prophase. This change in the staining pattern was 

probably due to the physical contraction of the chromo

somes, and not to any chemical change. 

Figures 12, 16, and 23 show that the nucleolar-

organizing chromosomes are the first chromosomal elements 

to condense. However, such prominent nucleolar-organizing 

chromosomes were not observable at interphase in all the 

strains investigated. Difficulty was generally encountered 

in attempting to prove the continuation of the nucleolar-

organizing chromosomes with the nucleolar-organizing track. 

Figures 12 and 13 do show evidence of this continuation. 

The number of chromosomes condensing in proximity 

to the nucleolus and small size of these chromosomes during 

early prophase made identification of the nucleolar-

organizing chromosomes difficult. However, Figure 17 does 

reveal the continuation of two chromosomes with" coiled 

structures within the nucleolar substance. These structures 

were considered as remains of the nucleolar-organizing 

tracks; therefore, the attached chromosomes were inter

preted as the two nucleolar-organizing chromosomes. 

Strains 702, 703, 705, 706, 707, 708, and 71^ 

contained two nucleolar-organizing chromosomes per nucleus. 



Strains 704 and 711 contained at least one nucleolar-

organizing chromosome per nucleus. No nucleolar-organizing 

chromosomes were observed in strain 712. The nucleolar-

organizing chromosomes and satellite chromosomes are 

considered to be identical. Strains having two nucleolar-

organizing chromosomes also had two satellite chromosomes, 

as shown in Figure 26. 

The number of satellite chromosomes observed at 

anaphase did not always correspond to the number of 

nucleolar-organizing chromosomes observed at prophase. 

Only in strains 707 and 7l4 were two satellite chromosomes 

observed during anaphase. This lack of correlation 

probably was caused by the satellites becoming entangled 

in the remainder of the chromosomes during anaphase. In 

such a case, no satellite would be seen trailing behind the 

separating chromosomes. 

The chromosomes of the ten unidentified strains and 

Sirogonium melanosporum can be arranged into three distinct 

groups: Sirogonium me1anosporum has six chromosomes (Waer, 

1966); strains 703, 705, 706, 707, 708, 711, 712, and 714 

have chromosome numbers ranging from 48 +_ 2 to 60 4^ 2 with 

all but strain 706 having chromosome numbers ranging from 

48 +_ 2 to 54 +_ 2; strains 702 and 704 have approximately 

100 chromosomes, the most of any strain observed. Of the 

second group, strain 705 is distinctly different morpho

logically. This difference is seen in filament width and 



zygospore size and ornamentation. However, the remaining 

strains are all similar morphologically and may belong to 

the same species. This range in chromosome number within a 

single species suggests instability of chromosomes within a 

species, and indeed suggests that the species may be 

represented by many polysomic individuals. 



EXPERIMENTAL CYTOLOGY 

Strains 700, 707» 708, and 71^ were used in this 

portion of the study to determine the effects of certain 

experimental treatments on the nucleus and other cellular 

organelles. Filaments of these clones were treated with 

irradiation, colchicine, chloral hydrate, and ribonuclease. 

Irradiation 

— Materials and Methods 

Filaments of strain 700 and 707 were grown in soil-

water medium on a 12:12 hr light:dark cycle, with a light 

intensity of 3000-3500 lux and at a temperature of 20 +_ 2 C. 

Two cultures of strain 700 and a single culture of strain 

707 were grown in cabinet "A" (see page 12) for 8 days, by 

which time a luxuriant growth of filaments was produced. 

Three samples from each culture were placed in 15 by 125 mm 

pyrex test tubes containing 10 ml of soil-water medium. 

These tubes were divided into four groups, each' containing 

two tubes of strain 700 and a single tube of strain 707* 

Group I was to be exposed to 3,000 Roentgens (R), group II 

^,000 R, group III 5,000 R, and group IV 6,000 R, using 

gamma radiation from a Co^ source at a rate of 500 R per 

min. However, group IV was accidentally exposed to 

15,000 R. Each irradiated sample was then subcultured into 

58 
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three bottles containing soil-water medium, and the bottles 

were placed in cabinet "A" and examined periodically for 

chromosome damage. Fresh material of strains 700 and 707 

was examined to determine the effects of the irradiation on 

the chloroplast, cell wall, and pyrenoids. 

Strain 707» which had been exposed to 15,000 R of 

irradiation, was observed to have a large number of 

abnormally long cells. This prompted further investigation 

of this strain using 15,000 R of irradiation. 

Elongated cells were observed in filaments which 

were irradiated during the time that cell division was 

presumably taking place. It was therefore of interest to 

determine if elongated cells developed from specific cells 

irradiated during their division cycle. If this were the 

case, cells which were not undergoing active cell division 

would not be expected to produce elongated cells. 

To test the above hypothesis, two cultures of 

strain 707 were prepared for irradiation by growing one 

culture in cabinet "A" and the other in cabinet MC" (see 

page 12). Although both cabinets were on a 12:12 hr light: 

dark cycle, cabinet "A" was dark from 9:00 A.M. to 9*00 

P.M., while cabinet "C" was dark from 7:00 P.M. to 7*00 

A.M. Since cells of strain 707 are known to divide during 

the first 3-k hr of the dark cycle, most cells in the 

culture grown in cabinet "A" divided between 9:00 A.M. and 
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11:30 A.M. (Fig. l), whereas the cells of the culture grown 

in cabinet "C" divided between 7:00 P.M. and 9^30 P.M. 

Two samples of approximately equal size were 

removed from each bottle and placed in pyrex test tubes 

(15 by 125 mm) containing 10 ml of soil-water medium. 

After exposing the samples to 15*000 R, each sample was 

subcultured into six bottles of soil-water medium. These 

bottles were then returned to the original cabinets in 

which the cultures were grown. 

Irradiated material from cabinet "A" was observed 

on the kih i 6*6, 13-> 15-? and 28'-i day after irradiation. 

Two slides were prepared from each of the six bottles and 

100 cells from each slide were counted. Thus, 1,200 cells 

were examined on each day. Similar observations were made 

from irradiated samples grown in cabinet "C." 

Observations and Results 

Strain 700 exposed to doses of 3»000 R, 4,000 R, 

and 15»000 R showed various degrees of chromosome damage. 

However, filaments irradiated at 5?000 R failed to survive. 

Irradiated filaments of strain 700 observed 1 day 

after receiving 3)000 R were found to be undergoing cell 

and nuclear division, although at a reduced rate of k.5%, 

compared with normal, unirradiated filaments (Fig. l). The 

percentage of cells showing chromosome damage was 22.6%. 

Of the nuclei showing damage, kl.6% had a single fragment, 
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l6.8% had two fragments, and ^1.6% had three or more 

fragments. All chromosome fragments as observed in fixed 

material appeared to move toward the poles at anaphase 

(Fig. 35-36), and at all times fragments were incorporated 

into the daughter nuclei. Filaments receiving 3,000 R have 

survived for 6 months and continue to grow. 

Filaments receiving 6,000 R observed on the day-

after irradiation were undergoing cell division in a normal 

manner but at a reduced rate of 3•5%• Chromosome fragments 

were observed to move with the remainder of the chromosome 

complement at anaphase. These fragments followed the 

pattern of undamaged chromosomes, separating in a parallel 

manner. Filaments treated with 6,000 R showed 26.1% of the 

dividing nuclei with chromosome damage. A single fragment 

was found in kl.6% of the damaged nuclei, while 25*0% of 

the nuclei had two fragments, 25*0% had three fragments and 

8.k% had more than three fragments. These filaments also 

have continued to grow. 

Filaments which received 15,000 R were observed the 

day after treatment, and no division figures were visible. 

However, a few cells (0-7%) were observed to have undergone 

cytokinesis but no karyokinesis. The result was a 

nucleated and a non-nucleated cell. Often the cross wall 

of'cells irradiated with 15,000 R was incompletely formed. 

The first nuclear divisions observed in strain 700 

which had received 15,000 R occurred the 3rd day after 



62 

irradiation, and the percentage of dividing cells was 0. 9% • 

Chromosome fragments were found in 52*5% of the dividing 

cells observed, with 80.9% of the damaged nuclei having one 

fragment, 9*5% two fragments, k.Q% three fragments, and 

k.8% more than three fragments. Figures 37 and 38 show 

chromosome damage after irradiation treatment. Cultures of 

strain 700 survived approximately 3 months. 

Strain 707 which was irradiated at 5>000 R and 

15*000 R showed a reduction in the percentage of cell 

division; however, at no time were known chromosome frag

ments observed in the nuclei of these filaments. The day 

after irradiation with 15,000 R, filaments were found to 

undergo cytokinesis but no karyokinesis. Such abnormal 

behavior was more extensive in strain 707 than in strain 

700. All irradiated cultures of strain 707 have continued 

to grow. 

Examination of living material of strain 707 

revealed a number of abnormal features that could be 

attributed to the irradiation. The most noticeable of 

these was the production of giant cells and micro-cells. 

Giant cells and micro-cells were not observed in irradiated 

cultures of strain 700. 

The average length of unirradiated cells of strain 

707 was 170 microns, with a range of 70-245 microns. 

Irradiated cells with a minimum length of 500 microns were 

considered giant cells, whereas cells less than 30 microns 



were considered micro-cells. The initial appearance of 

giant cells was always observed between the 3rd and ktb 

day after irradiation, at which time the longest cells 

represented approximately 2.2% of all the cells observed. 

The percentage of giant cells continued to increase, and 

reached a peak of 26.0% on the 13^ day after irradiation, 

then these cells slowly disappeared from the culture. 

Therefore, the giant cells reached a peak in number 

approximately 13 days after irradiation and, with rare 

exceptions, died without dividing. The maximum length of 

giant cells during this period was 1900 microns (Table 4), 

and the minimum length of micro-cells was 7*5 microns. 

Cultures grown on different light regimes so that 

the cells of one divided between 9:00 A.M. and 12:00 noon 

and the cells of the other divided between 7:00 P.M. and 

11:00 P.M. showed different percentages of giant cells. 

Cultures in which cells were known to be dividing when 

irradiated, showed a maximum of 26.0% giant cells. How

ever, cultures in which cell division was known to be at 

its lowest point when irradiated, showed a maximum of 5*1% 

giant cells. 

Generally, the giant cells of strain 707 did not 

increase in width, except for the region around the center 

of the cell where the nucleus was located (Fig. kO). How

ever, a few giant cells did become abnormally wide (Fig. 

39)- Frequently the chloroplast of these cells became 
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Table 4. Effects of 15»000 R of irradiation on cells, 
nuclei, and nucleoli of Sirogonium 707«^ 

Range in 
microns Mean + S E 

2 
Cell lengths 

Giant cells 500.0-1900 .0 1129.0 _+ 11.06 

Untreated cells 70.0- 250 .0 170.0 + 1.89 

3 Nuclei of giant cells 

Length 8.0- 33 .0 22.2 +_ O
 

• to
 

Width 1 
IA • 

CO 

25 .0 15.5 + 0.51 

3 Nuclei of untreated cells . 

Length 7.0- 17 • 5 9.8 +_ 0.25 

Width 7.5- 11 .0 9-1 + 0.95 

3 Nucleoli diameter 

Giant cells 5.0- 13 • 5 •
 

00 

+_ 0.06 

Untreated cells 3.0- 5 • 5 4.2 + 0.02 

Each measurement based on 25 observations. 

2 
Cell lengths based on non-stained living material. 

3 Nuclei and nucleoli stained with propiocarmine. 



disoriented in respect to their normal position, producing 

U-shaped and S-shaped configurations (Fig. ko). 

Coincident with the formation of giant cells in 

strain 707» the chloroplast elongated to a maximum length 

of 600-700 microns. These long chloroplasts were narrower 

and straighter than the chloroplasts of non-irradiated 

cells. The number of pyrenoids per chloroplast did not 

vary between irradiated and non-irradiated cells. 

Once cells of strain 707 elongated, the chloro

plasts began to pinch in at the region adjacent to the 

nucleus. The chloroplasts closest to the lateral walls 

were generally the first to begin this pinching process. 

However, chloroplasts towards the center of the cells 

occasionally initiated the pinching action (Fig. 4l). This 

phenomenon always occurred in the region of the nucleus. 

The process continued until the chloroplasts completely 

encircled the nucleus so that the nucleus was barely 

visible. This sequence of events is shown in Figures 42-

44. 

Although strain 700 did not form giant cells, the 

phenomenon of the chloroplasts encircling the niicleus 

occurred in the same manner as described for strain 707* 

All giant cells of strain 707 contained nuclei and 

nucleoli iFig. 45) approximately double the size of nuclei 

and nucleoli of unirradiated cells (Table 4). The chromo

somes of these large cells were not observed during the 
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course of this study; therefore, it is not known if the 

enlarged nuclei represented a polyploid condition. 

Attempts to induce cell division in giant cells 

with IAA and gibberellic acid were not successful. 

Approximately 3500 giant cells were observed during the 

course of this investigation, four of which were observed 

in the process of nuclear division. However, the proto

plast of these four dividing cells began to disorganize 

before each cell division was completed. 

Very short cells, ranging from 7*5-30 microns in 

length were occasionally observed in irradiated cultures. 

Such micro-cells were generally produced by the unequal 

division of normal length cells. These short cells 

generally lacked a nucleus and therefore survived for only 

a short time, eventually disappearing from the culture. 

A series of two to four micro-cells was often formed from 

one normal length cell with the nucleus retained by only 

one cell of the series. However, series of micro-cells 

were found in which each cell possessed a nucleus. Figure 

46 shows a series of three micro-cells in which- the cross 

wall has an opening in the center through which a single 

common chloroplast passes. Two of the cross walls formed 

only partially across the cell. 
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Discussion 

Since Geitler (1930) reported the phenomenon of 

parallel separation of chromatids for Spirogyra crassa, 

this feature has been described for the chromosomes of 

additional plant and animal species. Algal species with 

this type of chromatid separation include Cosmarium 

botrytis and PIeurotaenium kallis (King, 1953) » and 

SiroRonium melanosporum (Waer, 1966; Hoshaw and Waer, 

1967). Higher plant species such as Luzula purpurea 

(Malheiros and Castro, 19^7)1 Juncus, Carex, and Scirpus 

(Nordenski81d, 1951)» and the nutmeg tree Myristica 

fragrans (Flach, 1966) also show the parallel separation 

of chromatids. Among animal species, the parallel separa

tion of chromatids has been seen in the hemipterian insects 

(Schrader, 1935; Hughes-Schrader and Ris, 19^1; Hughes-

Schrader, 19^2; Buck, 1967) and the round worm Ascaris 

megalacephala (Schrader, 1935)-

Chromosomes with a single centromere generally 

exhibit a V- or J-shape at anaphase (Rhoades and 

Vilkomerson, 19^2). Therefore, the phenomenon of parallel 

separation of chromatids at anaphase suggest that these 

chromosomes have more than one centromere. Many investi

gators (White, 1936; Hughes-Schrader and Ris, 19*11; Rhoades 

and Kerr, 19^9; Castro, Camara, and Malheiros, 19^9; 

Godward, 195^c) used X-irradiation to fragment chromosomes 

before studying anaphase movement, in an attempt to 
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elucidate the centromeric phenomenon of chromatids having 

parallel separation. 

Filaments of Sirogonium melanosporum irradiated 

with 3,000 R, 6,000 R, and 15»000 R showed chromosome frag

ments which at anaphase continued to move to the poles. 

The larger fragments separated parallel to one another and 

similar to undamaged chromosomes. This indicated that 

these larger fragments continued to function in a manner 

denoting the presence of a compound centromere. However, 

this evidence does not differentiate the type of compound 

centromere which is present. This may be determined with 

certainty when electron microscopic studies have been 
* 

completed on the chromosomes of Sirogonium melanosporum. 

Waer (1966) suggested that the two nucleolar-

organizing chromosomes of Sirogonium melanosporum are 

dicentric. This statement was based on the observation 

that two areas of each nucleolar-organizing chromosome 

preceded the remainder of the chromosome to the pole. This 

produced a slight zig-zag configuration in the two 

nucleolar-organizing chromosomes. If this dicentric 

condition exists, fragments from these two chromosomes 

should be seen at anaphase as rods parallel to the spindle, 

in V- or J-shaped configurations, as acentric fragments 

which fail to move during anaphase, or a combination of 

these three conditions. No such fragments were observed 
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in irradiated material; however, this does not necessarily 

rule out Waer's suggestion. Piza (19^1) reported a 

dicentric condition for the chromosomes of the Brazilian 

scorpion Tityus bahiensis. However, Rhoades and Kerr 

(19^9) were able to disprove this report by showing that 

all chromosome fragments of Tityus bahiensis produced by 

treatment with X-irradiation continued to move through 

mitosis in a normal manner. 

Giles (195^) has suggested chromatid and chromo

somal aberrations as chromosome abnormalities resulting 

from irradiation. Chromatid aberrations are produced when 

the chromosomes are doubled at the time of irradiation 

treatment, whereas chromosome aberrations are produced from 

single chromosomes. Swanson (1964) stated that in 

Tradescantia, only chromatid aberrations are observed up 

to 26 hr after irradiation. If this phenomenon can be 

related to Sirogonium melanosporum, the fragments observed 

in this study may represent chromosome aberrations rather 

than chromatid aberrations. Figure 38 shows a fragment in 

which a double break has occurred followed by reunion of 

the broken ends to form a ring chromosome. 

Godward (l95^c) found that Spirogyra crassa 

irradiated Atfith 3,000 R showed an average of 9 fragments 

per damaged nucleus whereas cells receiving 15*000 R showed 

an average of 90 fragments per damaged nucleus. When 

Sirogonium melanosporum was subjected to 3,000 R and 
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15»000 R of irradiation, an average of 3•^ and 1-3 frag

ments per damaged nucleus were observed, respectively. In 

this study with Sirogonium, gamma rays from a Co^® source 

were used, whereas Godward exposed Spirogyra crassa to 

X-rays from a medical research unit. 

At first glance, it would appear that Sirogonium 

melanosporum has more resistance tc irradiation, including 

the ability to reconstitute chromosomes, than has Spirogyra 

crassa. However, the exact conditions under which 

Spirogyra crassa was irradiated are not knora; therefore, 

speculation is difficult. Also one can not overlook the 

possibility that cells of Sirogonium melanosporum which 

would have shown massive fragmentation did not survive the 

irradiation treatment and therefore were not observed. 

Strain 707 receiving 15,000 R showed no evidence of 

chromosome fragments; however, it seems that such a high 

dose of gamma rays should produce fragmentation of chromo

somes. The large number of dot chromosomes (49 +. 2) may 

have prevented an observation of fragments. If fragments 

were produced, they apparently were incorporated into the 

telophase nuclei. No acentric fragments were seen during 

the migration of chromosomes at anaphase. This lack of 

fragments might indicate that the entire dot chromosome 

shows centromeric activity. However, it may be possible 

for chromosome fragments lacking centromeric activity to 

move to the pole along with the nucleolar substance. 



Giant cells were found in strain 707 after receiv

ing irradiation doses of 5*000 R and 15*000 R. The cause 

of the formation of giant cells was not established; how-' 

ever, their production appeared to be linked in some way 

with the mitotic cycle. Only cultures irradiated during 

periods of cell division exhibited a high percentage 

(26.0%) of giant cells. These findings may well relate to 

DNA synthesis rather than mitosis. 

Giant cell formation resulting from irradiation has 

been found in Mougeotia and Chlorella pyrenoidosa (Godward, 

1962), Zygnema (Petrova, 1962), Oedogonium cardiacum 
O 

(Horsley, Banerjee, and Banerjee, 1 9 6 7 ) ,  and Hela S cells 

(Painter, McAlpine, and Germainis, 1961). 

Horsley, Banerjee, and Banerjee (1967) and Horsley, 

Fucikovsky, and Banerjee ( 1 9 6 7 )  have studied the variation 

in the radiosensitivity of Oedogonium cardiacum during the 

cell cycle. Horsley, Banerjee, and Banerjee ( 1 9 6 7 )  stated 

that the G^ period of the cell cycle in Oedogonium 

cardiacum is the most sensitive to irradiation damage, as 

measured by giant cell formation. However, Painter, 

McAlpine, and Germainis ( 1 9 6 1 )  have shown that the 

3 probability of Hela S cells surviving X-irradiation to 

form giant cells is practically independent of the cell's 

position in the DNA metabolic cycle. 

The giant cells observed in strain 707 could be 

polyploids as suggested by Godward (1962) for the giant 
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cells of Mougeotia. Although Table k shows that nuclei of 

giant cells are more than double the size of the nuclei of 

normal cells, there is not enough evidence for polyploidy. 

The modification of the chloroplasts during giant 

cell formation poses a puzzling problem and no explanation 

is available at the light microscopic level. Initially it 

was considered that the pinching in of the chloroplasts 

could result from an osmotic phenomenon. However, this 

was ruled out since only the chloroplasts are affected and 

not the entire protoplast. An alternative explanation is 

that the chloroplasts in this,case reflect the constriction 

of an ultrastruetural organelle such as the endoplasmic 

reticulum which is beyond the resolution of the light 

microscope. A third alternative for explaining the action 

of the chloroplasts in giant cells is the possibility that 

a cell may be undergoing division and the chloroplasts are 

inherently associated with this cell division. This would 

suggest that the initial pinching in of the chloroplasts 

during cell division is independent of cross-wall forma

tion, and that the pinching action of the chloroplast is 

not completely a mechanical phenomenon in which the 

chloroplasts are constricted by the centripetal development 

of the cross wall. Since there is no cross wall to 

mechanically fracture the plastids into two components, 

the chloroplasts may continue to constrict and accumulate 

around the nucleus. If the third alternative is true, the 



constriction of the chloroplasts may not be an abnormal 

phenomenon. It must be stated, however, that there is no 

evidence to prove or disprove any one of the three 

hypotheses. 

Autoradiography 

Materials and Methods 

Coincident with the elongation of irradiated cells 

of strain 707i the nuclei and nucleoli enlarged. In order 

to determine if this enlargement of nuclei of giant cells 

involved DNA synthesis, autoradiographic studies were 

designed. 

It was determined that cell elongation began on the 

3rd or day after irradiation. Therefore, an experiment 

was designed to answer two questions: (l) do nuclei of 

elongated cells incorporate a labeled DNA precursor? 

(2) if incorporation does take place, does it occur before 

cell elongation or during cell elongation? 

Soil-water medium ( 5  ml) was placed in each of 

seven 10-ml Erlenmeyer flasks. To this medium 10 micro-

curries/ml of methyl-labeled thymidine (New England 

Nuclear Corp.) was added. Because of the limited amount 

of solution in each Erlenmeyer flask, no sample of 

irradiated material was allowed to remain in the labeled 

medium for more than 3 days. 



Samples numbered one through three were introduced 

into the labeled medium on the same day that the filaments 

were irradiated, and samples numbered four through seven 

were placed in the labeled medium on successive days, 

starting with the 1st day after irradiation (Table 5)« The 

only sample not transferred to non-labeled medium after 

removal from labeled medium was sample seven. After the 

desired length of time in labeled medium (Table 5)» the 

filaments were removed and washed for a period of 15 min 

before they were transferred to non-labeled medium. This 

washing was accomplished by allowing running water to flow 

over the filaments, which had been previously placed on a 

half sheet of #1 filter paper in a Buchner funnel. 

At the end of the 7-day treatment, all filaments 

were put in Jackson's fixative overnight. The following 

day, filaments were washed once again in running water for 

a 30-min period. The washing served to remove the fixative 

from the filaments and aided in removing unincorporated 

label. 

Each sample was divided into three portions. One 

portion was incubated with deoxyribonuclease (Worthington, 

IX crystallized, 0.3 mg/ml in 0.00*1 M MgSO^ buffer at 

pH 7.0), another was incubated with ribonuclease 

(Worthington, IX crystallized, 0.3 mg/ml in 0.1 M phosphate 

buffer at pH 7«0), and a third portion was incubated with 

deoxyribonuclease buffer without the enzyme (Meyer, 1966). 
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3 Table 5» Incorporation of H thymidine by nuclei of giant 
cells of Sirosonium 707*1 

Treatment 

Sample 1 

Deoxyribonuclease 
Ribonuclease 
No enzyme 

Sample 2 

Deoxyribonuclease 
Ribonuclease 
No enzyme 

Sample 3 

Deoxyribonuclease 
Ribonuclease 
No enzyme 

Sample k 

Sample 5 

Sample 6 

Number of cells 
with label in 
the nucleus 

Deoxyribonuclease 
Ribonuclease 
No enzyme 

Sample 7 

Deoxyribonuclease 
Ribonuclease 
No enzyme 

1 day in labeled 
medium: 6 days in 
unlabeled medium 

2 days in labeled 
medium: 5 days in 
unlabeled medium 

3 days in labeled 
medium: k days in 
unlabeled medium 

Died 

Died 

3 days in unlabeled 
medium: 3 days in 
labeled medium: 1 
day in unlabeled 
medium 

k days unlabeled 
medium: 3 days 
labeled medium 

3 
2 
1 

3 
3 
3 

5 
7 
6 

6 
8 
7 

11 
11 
10 

Each treatment based on 30 observations. 



In order to denature any deoxyribonuclease which might have 

been present in the ribonuclease, the weighed sample of 

crystallized ribonuclease <was dissolved in 1 ml of 0'.15 M 

NaCl at pH 5«0 and heated to 80 C for 10 min (Marmur, 

196l). All samples were then incubated simultaneously for 

3 hr at 37 C. When the_incubation was completed, samples 

were once again washed in running water for 15 min to 

remove any labeled products of enzyme degradation. To 

determine the effects of the deoxyribonuclease, samples of 

the treated material were stained with the Feulgen tech

nique. This gave negative results whereas samples receiv

ing no enzyme treatment gave positive results. 

Filaments were stained with propiocarmine and 

floated onto marked slides which had been previously coated 

with Haupt's solution (Johansen, 19^0). Generally, a 4.0% 

solution of formaldehyde is used to float fixed material 

onto slides. However, in this experiment formaldehyde was 

not used since it reacts with photographic emulsion 

(Prescott, 1964). Care was taken to place the filaments on 

one end of the slide so that they could be more" easily 

coated with the photographic emulsion. The following day, 

slides were again flooded with water, a cover glass put in _ 

place, and the filaments flattened. The slides were then 

frozen with dry ice so that the cover glass could be 

removed with a razor blade without losing any of the 

filaments. 
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Slides with attached filaments were placed back to 

back and set upright in a test tube rack coated with 

neoprene. The rack was then placed in a dry air oven at 

45 C so as not to cool the emulsion when the slides were 

being coated. The slides were coated with liquid photo

graphic emulsion (Kodak NBT2), following the method out

lined by Prescott (1964). After coating with emulsion the 

slides were drained for 15 min prior to placing them in 

black slide boxes. The slide boxes were taped shut and put 

in cardboard boxes measuring 4 inches in depth, 4 inches in 

width, and 10 inches in length. These boxes were then 

stored in a closed case in a cold room at 2-4 C. To obtain 

an estimate as to how long experimental slides should be 

exposed to the label, test slides, to be developed at 

weekly intervals, were also stored in the cold room. 

After 2 weeks of exposure to the label, the slides 

were removed from the cold room and developed by immersing 

the entire slide box into full strength D19 developer at 

24 C for 2.5 min and then into Kodak fixer for 3 min. 

Finally, the slides were washed in slow running tap water 

for 25 min, and then for 1 min in distilled water. After 

drying, the slides were mounted in Euparol and observed 

with a Zeiss GFL microscope to determine if radioactive 

label was present. 
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Observations and Results 

Samples 1, 2, 3> 6, and 7 (samples k and 5 died) of 

strain 707 showed an increasing number of giant cells which 

3 appeared to have incorporated H thymidine into the nucleus 

(Table 5). 

Generally, the nuclei of giant cells showing 

evidence of radioactive label were very dark in color 

because of the large number of dark grains present. A 

large amount of the label was confined to the region 

adjacent to the nucleolus (Fig. kf). Normal nuclei of 

normal length cells showed occasional signs of label in 

their nuclei; however, cells dividing at the time of 

fixation showed no label in the chromosomes. Labeled 

material was also found in the chloroplast and near the 

pyrenoids of both normal length cells and giant cells. 

There was no evidence of incorporation of labeled material 

in any other organelles. 

Information as to the number of grains or density 

of grains per giant nucleus could not be obtained because 

of the abundance of bacteria on the cell wall o-f the alga. 

These bacteria incorporated the label and made it impos

sible to differentiate precisely which grains were produced 

by label in the nucleus of the giant cells as opposed to 

grains produced by label in the bacteria. 



Discussion 

The number of giant cells showing radioactive label 

in their nuclei increased relative to the duration of time 

between irradiation and pulsing. It appears, therefore, 

that the irradiation treatment may have altered the ability 

of the cells in samples numbered one through three to 

O 
incorporate H thymidine. Perrotta (1966) and Pierucci 

(1967) have stated that irradiation reduces the incorpora

tion of radioactive tracers into DNA. 

3 In the present study, the uptake of H thymidine by 

the enlarged nuclei of giant cells does not appear to be 

correlated with DNA synthesis. The number of giant cells 

in a given sample showing radioactive label in their nuclei 

varied little regardless of whether they were treated with 

deoxyribonuc1ease, ribonuclease, or received no enzymatic 

treatment. This suggests that the label is not incorporated 

into either DNA or RNA, but may be incorporated into other 

constituents. It is also possible that the degradation 

products of these enzymes were not completely removed by 

the washing procedure. This would account for the labeling; 

however, this seems unlikely because of the care with which 

the washing was accomplished. If the deoxyribonuclease was 

inactive, this would account for the labeling. However, 

negative results were obtained when attempts were made to 

stain deoxyribonuclease treated material with the Feulgen 

technique. 
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A statistical analysis of the number of grains 

found in the nuclei after the three treatments would have 

shed some light on the status of the radioactive label. 

However, this was not possible because numerous bacteria 

also incorporated the label, producing grains identical to 

those in the nucleus. 

It is difficult to explain why some giant cells 

did not incorporate radioactive label in their nuclei. 

This inconsistency may indicate that nuclear enlargement 

within giant cells of samples numbered one through three 

took place after the filaments were removed from labeled 

medium and while the cells were in unlabeled medium. 

Conversely, the unlabeled nuclei of giant cells of samples 

numbered six and seven may have enlarged before transfer to 

labeled medium. This may explain the difference in the 

number of labeled nuclei in the various samples without 

completely attributing the difference to the irradiated 

treatment. 

3 Unirradiated material which had been exposed to H 

thymidine revealed only two cells in which grains were 

possibly associated with the nucleus. This small number 

of cells with possible radioactive label can be attributed 

to the low percentage of cells dividing at any one time. 

On the other hand, the presence of large numbers of labeled 

bacteria on the cell walls of the filaments made it diffi

cult to distinguish labeled nuclei. 
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3 The results of the experiment with thymidine 

3 tend to show that H thymidine is not incorporated into 

DNA. However, until this experiment is repeated under 

axenic conditions or with the use of antibiotics (Banerjee 

and Horsley, 1968) to control the growth of bacteria, it 

is suggested that giant cells of strain 707 do not repre

sent a polyploid condition. 

Chloral Hydrate 

Materials and Methods 

Six samples each of strains 707 and 71^ were 

transferred to fresh soil-water medium and allowed to grow 

for 8 days. At this time, the bottles were approximately 

one-half filled with filaments. The six cultures of each 

strain were then transferred to new medium to which chloral 

hydrate had been added. The concentration of chloral 

hydrate ranged from 0.015% to 0.05%. The cells were then 

sampled each day to determine the effects of the chemical 

on chromosome movement and chromosome number. 

To determine the long-term effects of chloral 

hydrate, samples of strains 707 and 71^ were placed in 

0.03% and 0.04% chloral hydrate for 30 days before sampling. 

Observations and Results 

After 12 hr of treatment with 0.01% chloral 

hydrate, 1.3% of the cells of strain 707 were undergoing 



82 

nuclear division. However, after 36 hr of treatment, the 

percentage of cell division had increased to 5•5%• 

Filaments treated with 0.05% chloral hydrate for 96 

hr revealed mitotic divisions in which one or two chromo

somes lagged behind the remainder of the chromosomes at 

anaphase (Fig. 48-49). This phenomenon of chromosome 

lagging was observed only in nuclei of filaments treated 

with 0.05% chloral hydrate. 

Concentrations of 0.01% and 0.02% chloral hydrate 

increased the stickiness of the chromosomes, caus'ing them 

to clump into distinct groups during metaphase (Fig. 50-

5l). Chromosome stickiness at metaphase was observed for 

45*0% of the dividing nuclei of treated filaments, whereas 

this abnormal behavior was observed for only 6.6% of the 

dividing nuclei of untreated cells. 

Strain 707 treated with 0.01% chloral hydrate 

produced at least one cell in which the chromosome number 

was reduced to 33 +. 2. Other cells from the same sample 

revealed 48 +_ 2 chromosomes, the same number as untreated 

material. 

Filaments of strain 707 which were allowed to 

remain in 0.03% chloral hydrate for 30 days showed nuclear 

as well as chloroplast abnormalities. In some unknown 

manner, the chloral hydrate interrupted the normal mitotic 

process causing a doubling of the chromosome number. 

Strain 707 has 48 +_ 2 chromosomes, two of which are 



satellite chromosomes. However after chloral hydrate 

treatment, a single cell, larger than normal, was found 

with approximately 100 chromosomes, three of which were 

identified as satellite chromosomes. Other cells, of 

normal size, within the same filament in which the large 

cell was found had the normal number of chromosomes. 

Upon examination of living material which had been 

treated with 0.03% chloral hydrate, filaments were found 

with large cells among cells of normal width. These large 

cells were dissected out of the filament, measured, and 

placed in fresh soil-water medium. The average width of 

these wide cells resulting from chloral hydrate treatment 

was found to be 69«1 microns, considerably wider than the 

average width of 43*9 microns for untreated cells (Fig. 

52). The nuclei of these wide cells averaged 8.3 microns 

wide by 1*1.3 microns long. Nuclei of normal width cells 

averaged 7»0 microns wide by 11.1 microns long (Table 6). 

Wide cells which had been isolated and placed in 

fresh soil-water medium were sampled after 2 weeks of 

growth. The filaments from these isolates were all 

binucleate, with an average filament width of 60.1 microns. 

Therefore, the initial cells with a single large nucleus 

gave rise to slightly smaller, binucleate cells. It was 

difficult to obtain measurements on the nuclei of 

binucleate cells since both nuclei were often partially 

or entirely obscured by the chloroplast. 



8 k  

Table 6. Effect of 0.03% chloral hydrate on cells and 
nuclei of Sirogonium 707 

Range in 
microns Mean S E 

Cell width of treated cells 

Uninucleate cells 65.5-72.5 69.1 +_ 0 .10 

Binucleate cells 51.5-62.5 60.1 + 0 .06 

Untreated cells 39.5-^9.5 43.9 +_ 0 .09 

Nuclei of treated cells 

Length 12.5-16.5 I k . 3  +_ 0 .05 

Width 7.5-IO.O . 8.3 _+ 0 • 03 

Nuclei of untreated cells 

Length 9.0-15.5 11.1 _+ 0 

vo O
 • 

Width 5.0- 8.0 7.0 0 .07 

Each measurement based on 25 observations. 



The two interphase nuclei of the binucleate cells 

were always located equidistant between the two end walls 

of the cell and opposite one another in the peripheral 

cytoplasm. Figure 53 shows one of the cells after being 

stained with propiocarminc. 

Since the two nuclei of binucleate cells divided 

simultaneously, the binucleate condition was maintained. 

A count of the chromosomes of these cells revealed that 

each nucleus contained 48-50 chromosomes. 

Observations of cells from strain 71^ grown for 

28 days in 0.03% chloral hydrate revealed that the diameter 

of the nucleoli averaged 4.5 microns as compared to only 

3-3 microns for untreated filaments (Table 6). These cells 

also contained dichotomously branched chloroplasts, pro

ducing a Y-shaped appearance (Fig. 5^). Branching chloro

plasts were found in 6l.0% of the cells treated with 0.03% 

chloral hydrate for 28 days, whereas 0.95% of the untreated 

cells showed branched chloroplasts. — --

Discussion 

Allen (1958) has reviewed the older literature 

concerning the effects of certain chemicals such as chloral 

hydrate, ether, and chloroform on the nuclear and morpho

logical features of Spirogyra. Mole-Bajer (19^7) has used 

chloral hydrate in studying its effects on chromosome 

movement in the blood lily, Heaemanthus katherinae. He 
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identified and described four types of mitotic disturb

ances: (l) normal bipolar mitosis with one or more 

chromosomes lying outside the metaphase plate, (2) tri-

polar and multi-polar anaphases, (3) anaphases with diffuse 

chromosome movement, and (4) c-mitosis with effects similar 

to colchicine. 

Borisy and Taylor (1967a, 1967b) suggest that 

colchicine acts upon the mitotic apparatus by binding with 

the subunit proteins of the microtubules, preventing the 

assembly of the subunits into microtubules. The mechanism 

for the action of chloral hydrate is unknown; however, 

Mole-Bajer (1967) suggested that it somehow disassembles 

the mitotic apparatus. 

Strain 707 showed a number of cytological 

abnormalities when treated with chloral hydrate; however, 

this strain seems to be relatively tolerant of the chemical. 

This tolerance is suggested because the more serious 

abnormalities such as chromosome lagging did not take place 

in strain 707 until a concentration of 0.05% chloral hydrate 

was used. Chromosome stickiness in strain 707 was observed 

at concentrations of 0.01% to 0.02% chloral hydrate. The 

clumping of chromosomes (Fig. 50-51) at metaphase indicated 

that stickiness is possibly caused during the preparation 

of material for cytological observation. However, 

untreated filaments which were examined showed only 6.6% 

clumping in metaphase figures. This is 38.4% less clumping 



than the k^.0% observed for filaments treated with chloral 

hydrate. After the filaments of strain 707 were treated 

with a 0.01% solution of chloral hydrate for 3 weeks, a 

single cell was found with only 33 +. 2 chromosomes. Within 

the same filament, cells were found with the normal 

complement of 48 _+ 2 chromosomes. This may indicate that a 

polysomic condition exists in this organism, whereby some 

chromosomes are represented more than once. In such an 

organism, these duplicated chromosomes might be lost with 

little or no effect. However, because of the inability of 

the author to identify morphologically the chromosomes of 

this organism, it was impossible to determine if any 

chromosomes were in pairs. If such a polysomic condition 

does not exist, it might be concluded that loss of a large 

amount of genetic material in the form of chromosomes can 

be tolerated to some degree by this organism. 

Prolonged treatment of filaments of strain 707 with 

0.03% chloral hydrate (the highest concentration that the 

filaments could tolerate for more than a week) showed that 

chloral hydrate does produce effects similar to- those 

produced in other organisms by colchicine. Table 6 

summarizes the results obtained from filaments which had 

been treated with 0.03% chloral hydrate for 30 days. One 

cell which was treated as described above was found with 

approximately 100 chromosomes, three of which were satel

lite chromosomes. Within the same filament, smaller cells 



were found with the normal number of chromosomes (k8 +_ 2). 

Apparently the chloral hydrate interrupted the mitotic 

apparatus in such a way that normal mitosis was stopped, 

producing diploid cells. Evidently the diploid condition, 

at least in strain 707» as produced by chloral hydrate, is 

unstable, with all of these cells converted into binucleate 

cells. The production of binucleate cells occurred through 

an apparent endomitosis. The two nuclei were oriented in 

such a way that by simultaneous mitosis followed by wall 

formation, the binucleate condition was perpetuated. As 

early as 1892, Grassimov was able to produce a similar 

condition in Sirogonium sp. by heat treatment. 

The exact time at which diploid cells were produced 

is not known; however, they were assumed to have been 

produced approximately 1 month after the introduction of 

the chloral hydrate into the culture. This assumption is 

based on the fact that no filaments of wide cells were 

identified in the 1 month-old culture when it was first 

examined. These individual wide cells produced filaments 

after approximately 1 additional week of growth- while still 

in soil-water medium containing chloral hydrate. 

The difference in width of normal cells and diploid 

cells, either with one or two nuclei, probably reflects the 

amount of genetic material present. However, the decrease 

in cell width between uninucleate and binucleate cells can 

not be explained on this basis, since both types of cells 
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were identified with the same amount of genetic material 

based on chromosome number. 

The nucleoli of strain 71^i which were treated with 

0.03% chloral hydrate, had an average diameter of 4.5 

microns as opposed to an average diameter of 3*9 microns 

for the nucleoli of untreated cells (Table 6). Since these 

measurements included only normal-width cells with normal-

sized nuclei, this diameter change in nucleoli is assumed 

to be independent of a change in the amount of genetic 

material. 

The only apparent morphological change in cellular 

organelles other than the nuclei was the abnormal branching 

of the chloroplasts in strain 71^. This branching appeared 

to be related to the environmental conditions imposed by 

the chloral hydrate rather than any mutational effect of 

the chloral hydrate. This suggestion is based on the fact 

that the chloroplasts reverted to normal after growing in 

fresh soil-water medium for 1-2 weeks. 

Colchicine 

Materials and Methods 

Samples of strains 700 and 707 were placed in 60-mm 

Petri plates containing 10 ml of colchicine solution, 

ranging in concentration from 0.05% to 1.0%. These solu

tions were prepared by dissolving colchicine alkaloid 

(Turtox) in soil-water medium. Samples of each alga were 
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fixed for cytological investigation after 24-hr, 36-hr, and 

72-hr periods. 

Observations and Results 

Filaments treated with colchicine showed no ill 

effects from the drug other than a reduction in cell 

division. It was, however, difficult to link this 

observation with the colchicine treatment and may have been 

due to the manipulation of the algae. 

Di scussion 

Sarma ( i 9 6 0 ,  196l) has discussed the effects of 

colchicine on certain of the algae. In 1961 he reported 

success in increasing the chromosome number of Microspora 

lefgrenii and Uronema gigas. By contrast, Godward ( 1 9 6 6 b )  

reported that Spirogyra shows considerable resistance or 

immunity to colchicine. The fact that strains 700 and 707 

showed no damage from colchicine treatment indicates that 

this organism also shows considerable resistance to this 

substance. 

Ribonuclease 

Materials and Methods 

Strains 707» 708, and 71^ were treated with various 

concentrations of ribonuclease (Worthington, IX crystal

lized ribonuclease, 0.1 M phosphate buffer at pH 7»0) 

ranging from 0.001 mg/ml to 1.0 mg/ml. To denature any 
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deoxyribonuclease which might be present, the ribonuclease 

was dissolved in 1.0 ml of 0.15 M NaCl solution at pH 5*0 

and heated to 80 C for 10 min (Marmur, 1961). 

Samples of the three strains were placed in 10 ml 

of ribonuclease solution for 30 min at room temperature, 

washed thoroughly in distilled water, and then transferred 

to fresh soil-water medium. Samples were collected at 

18-hr, 24-hr, and 36-hr intervals, fixed in Jackson's 

fixative, and stained with propiocarmine for cytological 

examination. To determine the effect of the enzyme on the 

structure of the nucleolus, strain 71^ was incubated in a 

0.3 mg/ml solution of ribonuclease for 3 hr. The filaments 

were then fixed in Jackson's fixative and stained with 

propiocarmine. 

Observations and Results 

Strains 7071 708, and 7lk were used to determine 

the effects of ribonuclease on the nuclear components. 

Strain 714 which was treated with a 0.3 mg/ml solution of 

ribonuclease for 3 hr at 37 C revealed a substantial 

reduction of size of the nucleolus. The remains of the 

nucleolus were seen as a network of material coursing 

throughout the remaining "nucleolar shell" (Fig. l4). This 

network appeared to be the remains of the nucleolar-

organizing tracks. However, in some cells the nucleolus 



appeared only slightly reduced in size by the ribonuclease 

treatment. 

Filaments of strain 707 treated with a 1.0 mg/ml 

and a 0.2 mg/ml solution of ribonuclease and allowed to 

grow for 18 hr^in fresh soil-water medium were examined to 

determine the effects of the treatment on mitosis. In 

material treated with a 1.0 mg/ml solution of ribonuclease 

a single raetaphase figure was observed in which the chromo 

somes were clumped together at the equatorial plate. Six 

long chromosomes extended out in all directions from this 

clump of chromosomes (Fig. 55)* The nucleolar substance 

is also very apparent (Fig. 55). No other mitotic divi

sions were observed in material treated with the 1.0 mg/ml 

solution of ribonuclease. Filaments of strain 707 treated 

with a 0.2 mg/ml solution of ribonuclease showed 1.0% 

mitotic divisions, compared to 5 • 5% for the control. 

Discussion 

There are numerous chemicals other than colchicine 

which are known to interrupt normal mitosis in plants. 

Kaufmann and Das (195^» 1955) have shown ribonuclease to b 

such an agent. These investigators found that growing 

roots of Allium cepa and Lilium tigrinum which have been 

treated with 0.1 mg/ml to 1.0 mg/ml solutions of ribo

nuclease showed stickiness of chromosomes, multi-polar 

anaphases, anaphase bridges, and lagging chromosomes. 



93 

Indeed, Kaufmann, McDonald, and Bernstein (1955) stated 

that meristematic cells of the onion root tip grown in 

solutions of ribonuclease show chromosome and mitotic 

abnormalities similar to those induced by ionizing irradia

tion. 

Filaments of strains 707» 708, and 714 treated with 

varying concentrations of ribonuclease generally showed a 

high degree of tolerance to this substance. Filaments 

treated with concentrations of ribonuclease below 0.3 mg/ml 

continued to show mitotic divisions, although at a reduced 

rate. Concentrations of ribonuclease above 0.3 mg/ml 

inhibited cell division except in the case of a single cell 

of strain 707• This one cell contained a grossly malformed 

metaphase plate (Fig. 55)- Therefore, it can be stated 

that at concentrations less than 0.3 mg/ml, cell division 

is retarded, but once a cell enters division, mitosis 

generally proceeds normally. 



GENERAL DISCUSSION 

One of the major aims of this study has been to 

develop cytological techniques which can be of use in an 

investigation of the nuclear cytology of Sirogonium and 

other zygnematacean algae. During the course of the 

investigation, three methods were developed which enabled 

the author to study chromosome morphology without inter

ference from the nucleolar substance. These methods were 

as follows: (l) the technique using Freytag's fixative 

followed by propiocarmine, (2) Sudan black "B," and (3) the 

Feulgen technique with modified HC1 hydrolysis. These 

three methods should provide better tools for the investi

gation of such nuclear components of zygnematacean algae 

as the nucleolar-organizing tracks, chromocenters, and 

chromosomes. 

In the past, studies on the nuclear cytology of the 

zygnematacean algae have relied almost entirely on aceto-

carmine and propiocarmine. This fact appears to be related 

to the numerous negative reports of investigators concern

ing the use of the Feulgen technique with members of the 

Zygnemataceae and specifically Spirogyra. Admittedly, 

staining of the chromatin by means of the Feulgen technique 

is somewhat difficult when classical HC1 hydrolysis is 

employed (60 +_ 2 C for a given period of time). However, 

94 
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throughout the course of the present study, the Feulgen 

technique with modified hydrolysis (Decosse and Aiello, 

1966) has been successfully employed in the staining of the 

nuclei of Sirogonium. Other algae such as Spirogyra, 

Zygnema, RhizocIonium, and Characium have also been stained 

by this method. Therefore, the author encourages other 

phycologists and particularly those studying the nuclear 

cytology of the Zygnemataceae to consider the use of the 

Feulgen technique. 

This study has not emphasized cytotaxonomy. How

ever, the author feels that nuclear cytology can play an 

important role in the taxonomy of the Zygnemataceae and can 

successfully supplement morphological characteristics in 

attempts on taxonomic revision within the family. 

One of the major problems which remains unsolved 

relates to the chemical composition of the nucleolar 

substance and its role in mitosis. It would be worthwhile 

to determine if the nucleoli are reorganized from the 

nucleolar substance, from the nucleolar substance and newly 

synthesized nucleolar material, or exclusively from newly 

synthesized nucleolar material. 

Investigations using irradiation suggest the 

presence of a compound centromere for the chromosomes of 

Sirogonium melanosporum as proposed by Waer (1966) and 

Hoshaw and Waer (19&7)* However, with irradiation it was 

not possible to identify whether the compound nature of 



these chromosomes is represented by: (l) a polycentric 

condition in which three or more centromeres are present 

along the length of each chromosome or (2) a diffuse 

centric condition in which the entire chromosome shows 

centromeric activity. Further interpretation of the 

chromosomes of Sirogonium melanosporum, as well as the dot 

chromosomes of the other strains will be based on electron 

microscopic studies which are now underway. 

The giant cells of strain 707 produced by irradia

tion provide a morphological indicator for lethality. 

These cells can be used to determine the sensitivity of the 

alga to various doses of irradiation. Furthermore, if the 

time of DNA synthesis of unirradiated cells is determined 

using radioactive labeling, the giant cells can be used to 

indicate the time during the DNA synthesis cycle when 

Sirogonium is most sensitive to irradiation. Giant cells 

of Oedogonium cardiacum which have been produced by 

irradiation have been used in a similar fashion by Horsley, 

Banerjee, and Banerjee (1967) and Horsley, Fucikovsky, and 

B a n e r j e e  ( 1 9 6 7 ) .  

Although Sirogonium failed to respond to colchicine 

treatment, diploid cells were produced by chloral hydrate. 

A period of 30 days was required for the production of 

diploid cells in the presence of chloral hydrate. These 

diploid cells were unstable and produced binucleate cells 

through an apparent endomitosis. The process through which 



chloral hydrate produces diploidization in Sirogonium is 

unknown and offers still another area for future research. 

The author has tried to solve certain cytological 

and experimental problems using Sirogonium as the experi

mental material, and at the same time additional problems 

have been elucidated. It is hoped that the problems which 

have been solved and those which have been suggested for 

future study will contribute to the advancement of our 

knowledge of algal cytology. 



SUMMARY 

Staining procedures which are useful in the 

0 
cytological study of the Zygnemataceae have been 

described. These included: (a) the Feulgen 

technique with modified HCl hydrolysis, (b) Sudan 

black "B," a new stain for algal chromosomes, and 

(c) a modification of the propiocarmine method. 

These methods have the advantage of not staining 

the nucleolar substance so common in the 

Zygnemataceae. 

Nine unidentified strains of Sirogonium have been 

characterized as to chromosome number and 

morphology, nucleolar organization, and nucleolar 

substance. A tenth unidentified strain was 

characterized with the exception that an accurate 

chromosome count was not obtained. 

Strain 700 (Sirogonium melanosporum, an lltb 

strain) was exposed to various doses of- irradiation 

and was found to have chromosomes which revealed a 

compound centromeric condition. Chromosome frag

ments produced by irradiation were capable of 

continuing through the "mitotic cycle. 

Strain 707 was irradiated with 5*000 R and 15,000 

R. This strain revealed a number of morphological 

98 
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abnormalities including: (a) giant cells with 

enlarged nucleiv (b) micro-cells which were 

nucleated or enucleated, (c) normal length cells 

which were enucleated, (d) abnormal chloroplast 

movement, and (e) irregular cell-wall formation. 

With the use of autoradiographic techniques, 

evidence was found to suggest that the enlarged 

nuclei of giant cells were not polyploids. 

Strain 707 treated with 0.03% solution of chloral 

hydrate exhibited a doubling of the normal chromo

some complement, with an accompanying increase in 

cell width. ~~ 

Irregularities in mitotic division were attributed 

to chloral hydrate treatment. Chloral hydrate was 

also found to increase nucleolar diameter. 

Strains 707j 708, and 71^ were treated with varying 

concentrations of ribonuclease. Although the 

ribonuclease reduced the rate of cell division, it 

generally did not interrupt the normal mitotic 

process. 

Varying concentrations of colchicine ranging from 

0.05% to 1.0% had no effect on the nuclear cytology 

of strains 700 and 707• 



Figure 3« Interphase nucleus of strain 702 after being 
fixed in Freytag's fixative and stained with 
propiocarmine. Notice the condensed chromatin 
(c) and the nucleolar-organizing tracks (nt) 
within the unstained nucleolus. X 1500. 

Figure k. Early prophase nucleus of strain 702 after being 
fixed with Jackson's fixative and stained with 
propiocarmine. The nucleolus (n) is surrounded 
by chromatin. X 1500. 

Figure 5« Metaphase nucleus of strain 702 after being 
fixed with Freytag's fixative and stained with 
propiocarmine. The chromosomes have no nucleolar 
substance surrounding them. X 1500. 

Figure 6. Metaphase nucleus of strain 702 after being 
fixed with Jackson's fixative and stained with 
propiocarmine. The chromosomes are covered by 
the nucleolar substance. X 1500. 

Figure 7« Anaphase nucleus of strain 702 after being fixed 
with Freytag's fixative and stained with propio
carmine. Notice that the chromosomes have no 
nucleolar substance surrounding them. X 1500. 

Figure 8. Anaphase nucleus of strain 702 after being fixed 
with Jackson's fixative and stained with propio
carmine. Notice the mass of nucleolar substance 
covering each anaphase plate so that the chromo
somes are not observable. X 1500. 

Figure 9« Metaphase nucleus of strain 707 after being 
fixed in Freytag's fixative and stained with the 
Feulgen technique. X 2000. 

Figure 10. Late prophase nucleus of strain 700 after being 
fixed with Freytag's fixative and stained with 
Sudan black "B.» X 2700. 

Figure 11. Interphase nucleus of strain 71^ after being 
fixed with Jackson's fixative and stained with 
propiocarmine. The chromocenters (cc) are 
attached to the nucleolar-organizing track 
within the dark stained nucleolus. X 4000. 
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Figure 12. Interphase nucleus of strain 707 after being 
fixed with Freytag's fixative and stained with 
the Feulgen technique. The chromatin within 
the nucleus (nu) is readily observable. A 
single nucleolar-organizing chromosome (noc) 
is attached to a Feulgen positive nucleolar-
organizing track (nt). X 3000. 

Figure 13• Camera lucida drawing of Figure 12 showing the 
extent of the nucleolar-organizing track (nt) 
within the Feulgen negative nucleolus. Notice 
the nucleolar-organizing chromosome (noc). 
X 8000. 

Figure 14. Interphase nucleus of strain 71^ after being 
fixed with Jackson's fixative and stained with 
propiocarmine. The cell had been previously 
treated with 20 ml of 0.3 mg/ml of ribonuclease. 
Notice the nucleolar-organizing track (nt) 
within the remains of the nucleolus. X ^000. 

Figure 15• Interphase nucleus of strain 700 after being 
fixed with Freytag's fixative and stained with 
Sudan black "B." Notice the large, dark 
staining chromocenters. X 3200. 

Figure 16. Interphase nucleus of strain 71^ after being 
fixed with Freytag's fixative and stained with 
the Feulgen technique. Notice the two 
nucleolar-organizing chromosomes (arrows) 
associated with the unstained nucleolus. 
x  3000 .  

Figure 17• Prophase nucleus of strain 71^ after being 
fixed in Jackson's fixative and stained with 
propiocarmine. Two nucleolar-organizing 
chromosomes (arrows) are associated with the 
darker staining mass of nucleolar substance. 
x  3200 .  

Figure 18. Metaphase nucleus of strain 707 after being 
fixed in Jackson's fixative and stained with 
propiocarmine. Notice the darker staining 
chromosomes within the nucleolar substance. 
X 2k00. 

Figure 19 • Telophase nucleus of strain 7l'* after being 
fixed in Jackson's fixative and stained with 
propiocarmine. Notice the small nucleolar 
"globs" (arrows) in the lower nucleus. 
X 3400 .  
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Figure 20. Camera lucida drawing of a telophase nucleus of 
strain 705 • The large and small circular 
"globs" represent the nucleolar substance 
(arrows). Arrows "a," "b," and "c" indicate 
nucleolar material which is closely associated 
with the chromosomes. X kOOO. 

Figure 21. Prophase nucleus of strain 700 after being 
fixed with Freytag's fixative and stained with 
Sudan black "B." Notice the distinct banding 
pattern of the chromosomes. X 3200. 

Figure 22. Prophase nucleus of strain 702 after being 
fixed in Freytag's fixative and stained with 
propiocarmine. The chromosomes at the arrow 
appear beaded. X 1500. 

Figure 23• Interphase nucleus of strain 705 after being 
fixed in Jackson's fixative and stained with 
propiocarmine. A single nucleolar-organizing 
chromosome (arrow) is associated with the dark 
staining nucleolus. X' 3200. 

Figure 24. Early prophase nucleus of strain 705 after 
being fixed with Jackson's fixative and stained 
with propiocarmine. Notice the two nucleolar-
organizing chromosomes (arrows) which are 
heavily covered with nucleolar substance. 
X 2500 .  

Figure 25• Prophase nucleus of strain 706 after being 
fixed with Freytag's fixative and stained with 
the Feulgen technique. Notice the nucleolar-
organizing chromosome (a) with its satellite 
(b). The photograph was taken with the aid of 
a phase contrast microscope. X 3000. 
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Figure 26. Camera lucida drawing of a prophase nucleus of 
strain 706. Two nucleolar-organizing chromo
somes are associated with the area enclosed by 
the dotted line. The dotted line encloses the 
area of the nucleolar substance. X 7000. 

Figure 27* Prophase nucleus of strain 707 after being 
fixed with Freytag's fixative and stained with 
the Feulgen technique. A single satellite 
chromosome can be seen (arrow). X 2500. 

The same prophase figure as seen in Figure 27 
but at a lower level of focus. A second 
satellite chromosome can be seen at the 
arrow. X 2500. 

Figure 29• Interphase nucleus of strain 708 after being 
fixed with Freytag's fixative and stained with 
propiocarmine. Two nucleolar-organizing chromo
somes (arrows) are associated with the unstained 
nucleolus. X 2700. 

Figure 30. Camera lucida drawing of Figure 29* X 2700. 

Figure 31 • Prophase nucleus of strain 71** after being 
fixed in Jackson's fixative and stained with 
propiocarmine. Two nucleolar-organizing 
chromosomes (arrows) are associated with the 
dark staining nucleolar substance. X 2500. 

Figure 32. Early anaphase nucleus of strain 71^ after 
being fixed with Freytag's fixative and stained 
with the Feulgen technique. Two satellite 
chromosomes are present (arrows). X 2800. 

Figure 33* Late anaphase of strain 71^ after being fixed 
with Jackson's fixative and stained with 
propiocarmine. Note the satellite chromosomes 
(arrows). The chromosomes are not completely 
masked by the nucleolar substance. X 2000. 

Figure 28. 
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Camera lucida drawing of the chromosomes 
nine unidentified strains of Sirogonium. 
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Figure 35* Camera lucida drawing of chromosomes of strain 
700 during anaphase. Fragments at the arrows 
were produced by 15)000 R of irradiation. 
x  7000 .  

Figure 36. Early anaphase nucleus of strain 700 after 
receiving 3)000 R of irradiation. Fragments 
can be seen at the arrows. (Stained with Sudan 
black "B.") X 3200. 

Figure 37- Prophase nucleus of strain 700 after receiving 
15,000 R of irradiation. Chromosome fragments 
can be seen at the arrows. (Stained with 
Sudan black "B." ) X 2500. 

Figure 38. A portion of a metaphase nucleus of strain 700 
showing a ring chromosome (arrow) after 
receiving 15)000 R of irradiation. (Stained 
with Sudan black "B.") X 1800. 

Figure 39• Giant cell of strain 707 which resulted from 
15)000 R of irradiation. An abnormal swelling 
of the cell wall is apparent in the area of 
the nucleus. X 750. 

Figure ^0. Extremely wide giant cell of strain 707 produced 
by 15)000 R of irradiation. X 250. 

Figure 4l. Giant cell of strain 707 produced by 15)000 R 
of irradiation. Notice how the chloroplasts 
have oriented themselves in respect to the 
nucleus (nu). X 600. 
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Figure 42. Giant cell of strain 707 produced by 15*000 R 
of irradiation. Notice the constriction of 
the chloroplasts (arrows). X 250. 

Figure 43. Giant cell of strain 707 resulting from 
irradiation treatment. The chloroplasts 
(arrows) are closely associated with the 
nucleus (nu). X 600. 

Figure 44. Giant cell of strain 707 resulting from 
irradiation. Notice how the chloroplasts have 
surrounded the nucleus (arrow). X 125* 

Figure 45• Giant cell of strain 707 showing the enlarged 
nucleus (nu) and nucleolus (n) which resulted 
from irradiation treatment. X 800. 

Figure 46. Micro-cells in strain 707 resulting from 
irradiation treatment. Note the chloroplast 
(arrows) which passes through the cell walls 
of the micro-cells. X 750. 

Figure 47- Interphase nucleus of a giant cell showing the 
heavy deposit of radioactive label around the 
nucleolus (arrows). X 1800. 

Figure 48. Anaphase nucleus of strain 707 showing two 
lagging chromosomes (arrow) resulting from 
chloral hydrate treatment. X 3500. 

Figure 49• Anaphase nucleus of strain 707 showing a single 
lagging chromosome (arrow) resulting from 
chloral hydrate treatment. X 3500. 
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Figure 50. Metaphase nucleus of strain 707 after chloral 
hydrate treatment. Notice the clump of chromo
somes (arrow) to the right of the main metaphase 
plate. (Stained with the Feulgen technique.) 
X 4200. 

Figure 51 • Metaphase nucleus of strain 707 after chloral 
hydrate treatment. Three clumps of chromosomes 
can be seen (arrows). (Stained with the 
Feulgen technique.) X 4200. 

Figure 52. Filaments of strain 707 after being treated with 
chloral hydrate for 30 days. Notice the dif
ference in the width of the filaments. The 
wider filament is made up of binucleate cells. 
X 100. 

Figure 53• Filament of strain 707 after chloral hydrate 
treatment. Two nuclei can be seen in each cell 
(arrows). X 325-

Figure 5^. Filament of strain 71^'after chloral hydrate 
treatment. Notice the branched chloroplasts 
(arrows). X 250. 

Figure 55* Metaphase nucleus of strain 707 after treatment 
with ribonuclease. Notice how the chromosomes 
are clumped at the equatorial plate with four 
long chromosomes (arrows) extending from the 
clump. X 2800. 

t 
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