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Sebastiann Ulbert and Piet Borst 

45 5 



ChapterChapter 3 

Chapterr 3 

Express ionn of h S M U G l in procyclic Trypanosoma brucei 

Ass shown in Chapter 2, the expression of hSMUGl in T. brucei led to less J in DNA and caused 

DNAA damage by excision of 5-HmU. However, the experiments described were exclusively done 

usingg bloodstream form T. brucei. In procyclic trypanosomes, no J is detectable, but 

incorporationn of exogenous 5-HmU in these cells leads to substantial amounts of J (up to 0.16 % 

off  total DNA; van Leeuwen et al., 1998), indicating that the limiting step for J biosynthesis in 

procyclicss is the formation of 5-HmU rather than the putative glucosyltransferase. The 

consequencess of the presence of hSMUGl, an enzyme that removes 5-HmU, should therefore be 

differentt in insect form trypanosomes compared to the bloodstream form. To investigate this, we 

transfectedd procyclic cells from the cell line TKN (Valdes et al., 1996) with the construct 

pHDhSMUGl,, the same construct as used in Chapter 2. These cells express a viral thymidine 

kinasee which was shown to facilitate incorporation of thymidine analogues into DNA (van 

Leeuwenn et al., 1998). As we did not expect hSMUGl to be toxic and constitutive expression of 

thee enzyme to be a problem, we decided not to introduce the gene for the tetracycline repressor. 

Indeed,, the transfectants grew normally and showed a clear band of the correct size of hSMUGl 

inn a western blot (Figure 1). Compared to the bloodstream form, the expression level of the 

enzymee was lower (Figure 1, compare lanes 3 and 4). 

Figuree 1. Western blot showing 
expressionn levels of hSMUGl, 
detectedd with an antibody against the 
HA-tagg of the protein. Equal amounts 

1 22 3 4 of protein were loaded, as verified by 
Ponceauu staining (not shown). Lanes: 
1,, PC wildtype; 2, BF hSMUGl 

noMUCjll  transfectants without tetracycline; 3, 
PCC hSMUGl transfectants; 4, BF 
hSMUGlhSMUGl transfectants with 
tetracyclinee (1 ug/ml). BF, 
bloodstreamm form; PC, procyclic 
cells. . 

Thiss is probably due to the construct that was used. In pHDhSMUGl, the hSMUGl gene is 

followedd by the VSG gene 3'-UTR (Figure 2, Biebinger et al., 1997). This sequence was shown to 

bee responsible for stage specific stabilization of mRNAs (Berberof et al., 1995). In procyclic cells 

(whichh do not express VSG), RNAs with the VSG 3'-UTR are less stable than in the bloodstream 
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form.. However, there was still substantially more hSMUGl present in the procyclic transfectants 

thann in the bloodstream form without tetracycline (Figure 1, compare lanes 2 and 3). 

Too test the functionality of the enzyme we fed the cells with the nucleoside precursor for 5-HmU 

inn DNA. As can be seen in Figure 3, the cells showed a severe defect in growth compared to 

wild-typee cells. This indicates that hSMUGl is excising the newly incorporated base, which leads 

too DNA damage affecting growth, as seen in bloodstream form cells expressing hSMUGl. We 

concludee that the DNA glycosylase is functional and that it does not have any deleterious effects 

onn trypanosomes besides excision of 5-HmU, which is an additional control for the experiments 

presentedd in Chapter 2. 

T,-P P hSMUGl hSMUGl wfyü" " PAC PAC W7K W7K 

Figuree 2. The construct pHDhSMUGl, as shown in Figure 2 of Chapter 3. The VSG-V UTR is indicated 
byy UTR. 

22 1.0(11 +or, 

hourss of 5-HmU reeding 

Figuree 3. Growth curve of procyclic trypanosomes in the presence (solid lines) or absence (dotted lines) of 
5-hydroxymethyldeoxyuridinee (at 500 \iM). Squares are cells expressing hSMUGl, triangles are wild-type 
TKNN cells. 

However,, in contrast to the bloodstream form trypanosomes upon hSMUGl induction, the 

procyclicc cells did not all die upon 5-HmU feeding but continued a slow growth. This indicates 

thatt the damage caused was less than in the bloodstream form. Several explanations for this result 

mightt be envisaged. The lower level of hSMUGl could be responsible for the survival, but we 
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findd this unlikely, as minimal induction (which is not detectable on a western blot; not shown) of 

thee enzyme in the bloodstream form already led to cell killing. Alternatively, the abasic sites 

producedd by hSMUGl might be more efficiently repaired in the procyclic form. We have no 

evidencee for an increased activity of AP endonucleases in insect form trypanosomes, but cannot 

excludee this possibility. The third and most probable explanation would be that the sites of 

damagee are less in number than in the bloodstream form. In the procyclic form expressing 

hSMUGl,, the exogenous 5-HmU that gets incorporated during replication is excised. The 

survivall  of the cells indicates that the endogenous downstream BER-factors like AP 

endonucleasess manage to process the damage, and due to the lack of endogenous 5-HmU 

synthesis,, there is no further DNA repair required. Hence the procyclic cells show a delay in the 

celll  cycle but survive. Conversely, in the bloodstream form endogenous 5-HmU is synthesized by 

thee putative thymine hydroxylase. Therefore, hSMUGl does not only excise the 5-HmU residues 

itt encounters directly after induction, but also the ones that are being produced over time, and the 

downstreamm BER factors become limiting as the number of lesions they have to process 

accumulates.. This leads to the lethal effects of the DNA glycosylase, even without incorporation 

off  exogenous 5-HmU, as presented in Chapter 2. The fact that procyclic trypanosomes expressing 

hSMUGll  were sensitive to incorporation of 5-HmU makes these transfectants comparable to 

mammaliann cells where incorporation of 5-HmU is also toxic, presumably due to excessive BER 

(Boorsteinn et al., 1987). As our results show that hSMUGl can lead to toxicity of 5-HmU by 

over-repair,, they support the idea that it is the enzyme responsible for the excessive BER of 5-

HmUU observed in mammalian cells. 
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