
CopyriKlil. I!I74 liy llic .Socicly of l'r(>l(>/(Mil(igi.sts 
Kcprintcd from Tin-: |(>iJKN..\i. or I'KOTO/.OOLOCV. 

J. I'ROTozooi.... 21(a), .H7fl-382 (1974) 
Marie in Uniteri Statc.i of America 

Labeling of Crithidia fasciculata DNA with ['H] Thymidine 
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SYNOPSIS. Attempts at continuous labeling of Crithidia fasciculata D.N.A with ["H]thymidine led to a pulse-chase situa­
tion due to a ccll-mediated conversion of thymidine to thymine in the medium. The uptake of ihymine was slow compared 
to that of thymidine. Neither the addition of deoxyadenosine nor the sequential addition of several aliquots of ['H] thymi­
dine had an effect on the pattern of labeling. 
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THE presence of the enzyme, thymidine phosphorylase, has 
been shown to be the cause of the rcl.itivcly low extent of 

labeling of DNA by ['I-l]thyniidinc in several different cell 
types, e.g. E. coli (2, 5, 8-11), certain murine and human 
tumor cells (13, 14) and normal ninmmnlian liver (3, 4) . This 
enzyme catalyzes a phosphorolytic cleavage of pyrimidine 
deoxyriboniiclcosides and is involved in the salvage pathway of 
thymine metabolism in these cells (7). The iiplnkc of thymine 
is relatively slow compared to that of thymidine and thus the 
incorporation of label into DNA is effectively inhibited by the 
cleavage of [-^Hlthymidine to [^H]thyminc. 

In the course of a study of DNA replication in the parasite 
protozoan, Criihidia fasciculata, wc discovered an analogous 
situation. This report describes several preliminary experiments 
which indicate that continuous labeling of C. fasciculata DNA 
is hindered by the apparent presence of a thymidine phosphory-
lasc-likc enzyme activity. 

MATERIALS AND METHODS 

Culture of the cells.—The cells represent a clone of a Cri­
thidia fasciculaia culture originally obtained from Dr. Stuart 
Krassner. This clonal cell line has been growing in our labora­
tory for 3 years in Brain-Heart Infusion Medium (Difco Lab­
oratories) with 10 /Lig/ml hemin added after autoclaving. The 
cells were grown at 27 ± 0.5 C either in 3.5 liter quantities in 
a fcrmcntator (Fermentation Industries, Allentown, Pa.) or in 
150 ml to one liter quantities in Pyrex bottles rotating at 6 rpm. 
Antifoam B (Dow Corning) was added for defoaining as re­
quired. The experimental cultures were grown in cither modi­
fied Trager's defined Medium C for Leishmania tarentolae 
(12) or in Kidder & Dutta's defined mediuni for Crithidia (G). 
Cells were grown for at least 3 rapid subcultures in the appro­
priate defined medium prior to use in labeling experiments. 
The modification of Trager's Medium C consisted of the re­
placement of the purine-pyrimidine mixture by 20 jag/ml 
adenine. 

Labeling of the cells.—[Methyl--^H]ihyiTiidinc (18 C/ITIM) 
and [iTiethyl-''H]thyniine (14 C/niM) were purchased from 
Schwarz/Maun Co. Experimental cultures were grown in bot­
tles with rotation at 27 C. Incorporation of label was measured 
by spotting 100 p.\ of the cell culture onto Whatman 3 MM 
discs, drying and processing the discs through 5% (w/v) trichlo­
roacetic acid, 70% (v/v) ethanol, 95% ethanol and ether. 
The discs were counted in toluene-Omnifluor (Nc^v England 
Nuclear Co.) in a Nuclear Chicago Scintillation Counter. 

Cell counts were performed by mixing samples of culture 
1:1 with 3% (v/v) formalin and counting 200-500 cells in a 
hemacylomeler. 

Pafier chromalogral)hy of ['I-I'jlhymidine and ['Hyiiymine. 
—Samples, which consisted of neutralized aliquots of the cul­

ture medium after removal of cells by centrifugation and pre­
cipitation with 0.5 N HCIO^, were spotted on Whatman #1 
paper, and unlabeled ihymine and thymidine were added as 
OD markers. The strips were equalibrated for 16 hr in the 
presence of the lower phase of the mixture ethyl acctatc-water-
formic acid (60:35:5); then descending chromatography was 
performed using the upper phase of this mixture. The spots 
were eluted overnight in 0.1 N HCI and then Aquasol (New 
England Nuclear) was added and the samples counted in a 
Nuclear Chicago Scintillation Counter. 

Isolalion of nuclear and kinetoplast DNA.—Kinetoplast DNA 
(.K-DNA) was isolated from early stationary phase cells ( ~ 2 
X 10=* cells/ml). The cell pellet was washed once in 0.15 M 
NaCl, 0.02 M glucose, 0.02 M phosphate buffer, pH 7.9. The 
final pellet was resuspended in 0.5 M EDTA—0.15 M NaCl 
(pH 8.0) to a 5% (w/v) final concentration. Sodium Dodecyl 
.Sarkosinate (.Sarkosyl NI 97, Ceigy Industrial Chemicals, 
Ard.sley, N. Y.) was added to 1% (w/v) final concentration. 
Pronase B grade or pronase CB B grade, Calbiochem, pre­
digested for 30 min at 37 C was added to a concentration of 
either 2 mg/ml or 0.5 mg/ml respectively. The solution was 
incubated al 56 C for 3-5 hr. The lysate was then passed 
through a #18 needle at 25 lb/in- and then centrifuged at 
20,000 rpm for 20 min in the SW 39 rotor at 4 C. The super­
natant fluid was decanted and saline-sodium citrate (0.15 M 
NaCl, 0.015 M sodium citrate, pH 7.4) was added to re­
suspend the pellet, and the solution was centrifuged as de­
scribed previously. This final pellet was rcsuspended in saline-
sodium citrate and subjected to RNase A -|- T, (20 M.g/ml 
and 20 U/ml respectively) treatment' for 30 min at 37 C. 
Pronase was added to 100 jug/ml and the solution incubated 
again at 37 C for 30 min. Deproteinization was performed 
with chloroform-iso-aniyl alcohol (24:1 v/v), and the DNA 
.solution was dialyzed extensively against saline-sodium citrate. 

This DNA was then subjected to ethidium bromide CsCl 
equilibrium centrifugation (40 hi-, 40,000 rpm, 20 C, 6.5 ml, 
#50 rotor, n,j 25C = 1.3876). The lower band consisting of co­
valently closed circular K-DNA networks and the upper band 
consisting of nuclear DNA (N-DNA) were recovered, and the 
dye was removed by extraction with iso-amyl alcohol and 
dialysis. The specific activities of the N-DNA and K-DNA 
were measured by reading the A^g,,,,,,, and by spotting samples 
onto 3 MM discs for counting as described above. 

RESULTS 

Allemftts at Continuous Labeling of DNA 

Cells were grown in Medium C containing 10 jiic/ml of 
[•'HJthymidine and different concentrations of unlabeled thy­
midine. Growth cur\-cs were followed and the specific activi-
ti(;s of acid-precipitable [^H] label were measured at various 
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Fig. 1. Incorporation of [̂ H] thymidine into acid-insoluble ma­
terial by C. fasciculata cells in a long term labeling situation in 
Medium C. ['H]Thymidinc (10 /ic/ml, 18 C/mM) was added 
at time 0 and the specific activities (cpm/10° cells) of the in­
corporated material followed during growth. The concentration 
of unlabeled thymidine present in each culture was as follows: 
(a) 0; (b) 2 lig/ml; (c) 5 /.g/ml; (d) 10 /£g/ml; (e) 50 /.g/ml. 
( • • ) , acid insoluble cpm/lC cells ( X IO"*); 0 0 ) , 
number of cells per ml; ( ), theoretical simple dilu­
tion curve assuming that no further synthesis occurs after the 
indicated point. 

limes during the growth curves. Wc have previously demon­
strated that pH]thymidine is incorporated solely into the DNA 
(nuclear and kinetoplastic) of C. fasciculaia and is found en­
tirely in the thymine moiety in total cell DNA hydrolysates 
(unpublished results). As shown in Fig. 1 the specific activity 
of the total cell DNA reached a maximum before one cell di­
vision and then decreased approximately by simple dilution, 
indicated by the dashed line. This occurred even in the pres­
ence of 50 ju.g/ml of unlabeled thymidine (Fig. le). Thus 
attempts at continuous labeling of DNA led lo an apparent 
|)ulsc-chasc situation. 

Identical results were obtained in Kidder and Dutta's 
defined medium for Criihidia as shown in Fig. 2. However, 
in (hc case of this culture medium, which is known to be op­
timal for the growth of C. fasciculata, the ma.ximnni specific 
activity attained was 4.2 X that attained in Medium C. 

These experiments did not distinguish between incorpora­
tion into N- K-DNA, the latter of which is known to repre-

TIME (hr) 

Fig. 2. Incorporation of ['H] thymidine into acid-insoluble ma­
terial by C. fasciculata cells in a long term labeling experiment 
in Kidder & Dutta's medium. [°H]Thymidine (10 /.c/ml, 18 
C/niM) was added at time 0 and the specific activities (cpm/ 
IC cells) of the incorporated material followed during growth. 
See Fig. 1 for description of symbols. 

.sent ~ 25% of the total cell DNA (Sinip.son & Simpson, un­
published data). Therefore, it is possible that the specific 
activity of K-DNA increased to a plateau value, whereas the 
N-DNA specific activity showed an early peak and a decrease. 
That this was not the case was clear both from the fact that 
the final total cell DNA specific activity was much less than 
25% of the maximum value attained (Fig. 1), and that the 
specific activities of purified N- and K-DNAs from cells grown 
with 10 jac/ml of pH]thymidinc for 3 days were equal within 
experimental error (Table 1). 

Presence of Thymidine Phosphorylase Activity 
During Growth of Cells 

An explanation for the failure of continuous labeling of 
cells with [•''H]thyniidinc was the apparent presence of thymidine 
phosphorylase activity. Cells were grown in Kidder & Dutta's 
medium with 20 fic/ml of [^H]thymidine with no additional 
unlabeled thymidine. The conversion of [^H] thymidine to ['H]-

TABLE 1. Specific activities of purified N- and K-DNA after 
groiulh of cells for 3 days in ['Hithymidine. 

DNA 
Specific Activity^ 
(cprn//.g DNA) 

Ratio of Specific Activities^ 
K/N 

nuclear 
kinetoplast 

30,394 
42,897 1.09 

* 10 /.c/ml, in the medium of Kidder & Dutta (6). 
t Concentration measured by Aaanm assuming 1 OD = 41.5 

lig/ml. 
t Ratio corrected for 21.5% thymine in nuclear DNA vs 28% 

thymine in kinetoplast DNA (unpublished data). 
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Fig. 3. Conversion of ['H]thymidinc (20 /.c/ml, 18 C/mM) 
lo [ H ] thymine by C. fasciculata cells growing in Medium C. 
No unlabeled thymidine was added. Similar results were ob­
tained using 5 /.g/ml unlabeled ..thymidine with 20 /.c/ml ['H]-
thymidine. Aliquots of the culture were removed and centrifuged 
at 2000 i; fur 10 min. The supernatc solution was made 0.5 N 
in perchloric acid and again centrifuged for 15 min at 5000 g. 
The resulting supernatc solution was neutralized with KOH and 
the precipitate of potassium perchlorate removed by centrifuga­
tion. Descending paper chromatography was performed on the 
final solution as described in Melhods. The percent conversion 
of thymidine to thymine was calculated using the total cpm re­
covered from the thymine and thymidine spols at each time 
point. 

thymine in the medium was followed by descending paper 
chromatography. As shown in Fig. 3, the conversion proceeded 
linearly with time at least for 10 hr, by which time 78% of 
the exogenous thymidine originally present had been converted 
to thymine. This phenomenon would lead to the obscr\'ed de­
creased incorporation of label provided thymine were not taken 
up to the same extent as thymidine. This was demonstrated 
lo be the case by growing cells in Medium C ih the presence 
of 3.3 /Ac/ml of ['H]ihymine with 5 jug/ml of unlabeled thy­
mine. After 3 days growth, ihc cells had attained a specific 
activity of 2.8 X 10' cpm/lO* cells, which is equivalent to the 
basal levels attained by cells grown in ['H]thymidinc after 60 
hr growth. 

Attempts lo Increase Uptake of Thymidine 

Deoxyadenosine (250 fig/ml), which is a known inhibitor 
of thymidine phosphorylase activity in £. coli (1), had no 
effect on the kinetics of labeling of DNA with pF-I]thymidine 
in C. fasciculata. 

Sequential addition of several aliquols of [•''H]thyinidin<; 
during the growth period also had no effect on the pattern of 
labeling. • In this experiment cells were given 5 p.c/ml [-'HJihy-
inidine at 0, 5 and 15 hr in the growth cur\'c. As shown in 
Fig. 4, the specific activity reached a maximum al 5 hr and 
then decreased at 12 hr. 

DISCUSSION 

We have demonsirated that attempts at continuous labeling 
of C. fasciculata DNA by ['H]thymidine in either of 2 defined 
media led to an apparent pulse-chase situation explainable on 
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Fig. 4. Effect of the sequential addition of several aliquols of 

['H'l thymidine on the labeling pattern of C. fasciculata in Me­
dium C. [°H]Thymidine (5 /.c/ml, 18 C/mM) was added at 
time 0, 5 hr and 12 hr during growth. The cell counts and 
specific activities of incorporated material were measured at each 
time. See Fig. 1 for description of symbols. 

the ba.sis of a cell-mediated conversion of thymidine to thymine 
in the medium. Attempts to increase the amount of ['H]thy-
midinc taken up, either by the addition of deoxyadenosine or 
by supplying additional aliquots of ['H]thymidine at 5 hr in-
ter\'als, failed. A recognition of this labeling pattern is of 
obvious importance in any study of the replication of C. fas­
ciculata DNA. Furthermore, this phenomenon, if it is of gen­
eral occurrence among the parasitic hemoflagcllates, may be 
significant in terms of limiting the chemotherapeutic value of 
thymidine analogues. 

In our experiments, wc did not distinguish between incor­
poration into N- or K-DNA, but the equality of the specific 
activities of purified N- and K-DNA from cells labeled with 
pHjthymidinc for 3 days implied that the labeling of the K-
DNA also was following a pulse-chase pattern. 

Similar results have been obtained independently by Gut-
icridgc & Al Chalabi (5). 
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