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InIn vivo tagging of DNA sequences using the GFP-lac system 

Introduction n 

Earlierr results with the double resistant (DR) cells suggested that the active VSG gene expression 

sitee shows a specific nuclear localisation (Chaves et al., 1999). A specific nuclear environment 

couldd provide factors that ensure the exclusive activation of one ES. However, all experiments to 

investigatee this question were done with fixed cells that went through the entire process of an in 

s/7w-hybridisation.. We can not exclude that the nuclear architecture is severely damaged by this 

procedure.. Therefore, we aimed to investigate ES-localisation in living cells. 

Wee decided to use a system for the in v/Vo-staining of DNA sequences that was developed in the 

laboratoryy of Andrew Belmont (Robinett et al. 1996). This system is based on the specific 

interactionn of the bacterial lac-repressor protein with the lac-operator sequences. If a lac-repressor 

iss used, which is fused to the green fluorescent protein (GFP or its improved version EGFP), the 

lac-operatorr can be visualised within the nucleus. The aim of the project was to insert the lac-

operatorr into DNA sequences adjacent to an ES and then study the EGFP-localisation. 

Resultss and Discussion 

First,, the EGFP-lac-repressor fusion gene was inserted into the tubulin gene array of bloodstream 

formm T. brucei. Several independently transfected clones were analysed and all showed a clearly 

EGFP-stainedd nucleus. Thus, the nuclear localisation signal of the gene and the EGFP were 

shownn to work in trypanosomes. Further analysis of the cells in a CHEF-gel revealed that the 

constructt had indeed integrated into the tubulin locus. 

Too target the operator-repeats close to a VSG expression site we decided to insert them into the 

JV02JV02 region. This J (accession number AF193 542) sequence is part of the repetitive region 

upstreamm of the 50 bp repeats of several ESs (Berriman et al., 2002). The J region we used is 

situatedd upstream of the V02 ES. We chose this area because we thought that insertion of a 10 kb 

fragmentt too close to the ES promoter might disable the ES. The targeting construct is shown in 

Figuree 1. The cells used for transfection were the ones that were previously transfected with the 

repressor/EGFPP fusion. The transfection efficiency was very low, only two hygro-resistant clones 

arose.. This could be due to impaired insertion of the operator-construct because the repeats get 

immediatelyy bound by the repressor which has a high affinity for its target sequence (Belmont 

andd Straight, 1998). The chromosomes of both clones were separated in a CHEF-gel, which was 
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probedd for the hygromycin resistance gene (the selectable marker of the operator-construct) and 

thee lac-operator repeats. As can be seen in Figure 2, the cells showed multiple insertions of the 

targetingg construct. Release from drug-selection resulted in a rapid loss of the operator-construct 

(whereass the repressor/EGFP fusion was retained). We used hygromycin at 20ug/ml for selection 

off the transfectants, which might have been too much and might have led to an amplification of 

thee construct in order to get enough resistance protein. However, also after re-cloning of the cells 

andd lowering drug selection (to 2ug/ml) we were not able to get clones that showed a single dot 

inn the nucleus and a single insertion of the operator repeats. 

-- ii IJ^TMIIIMIII 1 n n n r~i n n n r~i n r~i > M 

JV02JV02 50bprep ESAGs 70 bp rep. VSG Tel 

PP hygro lac-operator rep . 10 kb 

Figuree 1. Schematic drawing of the construct used for targeting of the lac-operator into the jV02 region 
(nott to scale). Hatched boxes, repetitive DNA sequences; black boxes, jV02 targeting sequences; white 
boxes,, expression site associated genes (ESAGs) and VSG; Tel, telomeric repeats; black triangle, VSG-ES 
promoter;; hygro, hygromycin resistance gene. 

Ass the presence of the lac-repressor molecule might have complicated the proper insertion of our 

lac-operatorr construct we decided to continue by inserting the operator repeats first. Wild type 

bloodstreamm form trypanosomes were used for transfection and selection was done using 

hygromycinn at 2|ig/ml. Figure 2B shows that we were indeed able to get single insertions of the 

repeats,, most of them in intermediate and mini-chromosomes. However, no clone had an insertion 

inn the V02 chromosome (not shown). Two of the clones were chosen for transfection of the lac-

repressor/EGFPP construct. Transfectants arose but did not show any interaction of the lac-

repressorr with the operator repeats. They all had a completely EGFP-stained nucleus. 

Althoughh the EGFP/repressor and the lac-operator repeats interacted in some of the cells the 

overalll results of this project were unsatisfactory. Two major problems were encountered; First, it 

wass not possible to get a single, targeted insertion of the operator repeats. The occurrence of 

multiplee insertions in the first round of transfections (Figure 2 A) might have been a consequence 
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off the high levels of drug used for selection. Upon release from drug the cells lost the constructs 

veryy fast, so it was not possible to get trypanosomes with less insertions that way. In addition, the 

flankss used in our operator construct are present in several locations in the genome which 

probablyy complicated the targeting to the V 0 2 ES. Although we were able to obtain single 

insertionss by transfecting wild type cells and using a low drug selection (Figure 2B), these were 

nott in the V 0 2 chromosome. 

B B 

I I 
m m 
IBP P 

Figuree 2. CHEF-analysis of trypanosomes transfected with lac-operator constructs. A, cells that expressed 
thee EGFP/lac-repressor fusion prior to transfection of the lac-operator construct. Left panel: Ethidium 
bromidee staining; right panel: blot of the gel, hybridised with a probe for the hygromycin resistance gene. 
Lanes:: 1,2, two independent clones; 3, untransfected controls. B, wild-type cells that were transfected with 
thee lac-operator construct. Four independent clones are shown (lanes 1-4). Left panel: Ethidium bromide 
staining;; right panel: blot of the gel, hybridised with a probe for the hygromycin resistance gene. For both 
gels,, hybridisation with the lac-operator sequences gave similar results (not shown). 

Thee second problem was that the transfectants did not all show one clear nuclear dot, a 

considerablee fraction of the cells had multiple signals or (in the case of the clones in Figure 2B) 

noo visible interaction at all. One explanation for the absence of a detectable interaction could be 

thatt the level of repressor-expression was too high. Free EGFP/repressor could have covered the 

specificc signal that derives from ca. 500 repressor molecules bound to 256 operator repeats 

(Belmontt and Straight, 1998). Similar problems were reported by Navarro and Gull (2001) who 

successfullyy used this system in trypanosomes. The major difference was that they used a 

tetracyclinee inducible expression system for the EGFP/repressor. Thereby they obtained clones 

showingg a greater variation in repressor expression level. Still, only 10% of the cells in each clone 

showedd a clear dot (Navarro and Gull, 2001). In addition, another target region for the operator 
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repeats,, much closer to the ES promoter, was used. Alternatively, the operator repeats might not 

havee been capable of binding enough repressor. The majority of the cells from the first round of 

transfectionn had clearly less dots in the nucleus than they had repeats in their DNA (judged from 

thee number of bands in the CHEF-gel, Figure 2A). This might indicate that there were factors 

inhibitingg repressor binding. One of those factors could be DNA modification. As the operator 

repeatss consist of 10 kilobases of repetitive DNA sequences this DNA could get modified with P-

D-glucosyl-hydroxymethyluracill (J). J has been shown to be present in repetitive DNA arrays 

(vann Leeuwen et al., 1999) and, as a bulky DNA modification, it might have disturbed repressor 

binding. . 
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