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Abstract

The most rapid method for the generation of conditional mutani®ypanosoma bruces the use of RNA interference. A single copy
of the target sequence is cloned between two opposing T7 promoters beedopgrators, and the resulting plasmid is integrated into the
genome of cells expressing both teérepressor and T7 RNA polymerase. Upon addition of tetracycline, double-stranded RNA is synthesised
from the two T7 promoters. Unfortunately, repression of T7 promoter activity may sometimes be insufficient to prevent expression of toxic
amounts of double-stranded RNA. We describe here cell lines in which the expression of T7 polymerase is under tetracycline control, and
show that regulation of polymerase expression can modulate transcription from a constitutive T7 promoter. In addition we describe a construct
containing two copies of thim10 Tet repressor for easy creation of repressor-expressing trypanosomes, and an RNA interference vector which
allows “TA" cloning of unmodified PCR products and blue/white selection.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction spacer. The plasmids contain one promoter which drives ex-
pression of a selectable marker, and a second, inducible pro-
The study of the functions of essential genesTny- moter bearing two copies of thetoperator very close to the

panosoma brucdias been greatly facilitated by the use of in- transcriptional start sit§2,3]. The inducible promoter that

ducible gene expression. The system relies on trypanosome$ias been used most so far is@R1 promoter (from th&P

that stably express the TnTetrepressofl]. Plasmids con-  procyclin locus).

taining the gene or RNA that is to be inducibly expressed = Down-regulation of the expression of essential genes in

are designed to integrate into a region of the genome that isT. bruceiis most easily achieved via RNA interference. A

usually transcriptionally silent, such as the ribosomal RNA double-stranded RNA containing the sequences of interest is

inducibly expressed, and causes destruction of the homolo-

Abbreviations: 3-UTR, 3-untranslated region; TETR, Tetracycline- gous mMRNA[4—-8]. Double-stranded RNAs can be obtained

sensitive repressor from transposon Tn10; VSG, Variant surface glycopro- jn two ways. One option is to insert, downstream of the in-

tein; EP1, EP1 procyclim\ALD, deleted version of aldolasé-8ntranslated ducible EP promoter, two copies of the specific DNA se-

region; CAT, chloramphenicol acetyltransferase; LUC, firefly luciferase; . . . . w N
T7POL, T7 polymerase; TUB, tubulin qguence in opposite orientations, separated by a “stuffer” frag-

* Corresponding author. Tel.: +49 6221 546 876; fax: +49 6221 545 8o4. Ment which enables the plasmid to replicate stabl.igoli
E-mail addresscclayton@zmbh.uni-heidelberg.de (C. Clayton). [4]. Transcription of the (target)-stuffer-(reverse-target) con-
1 These authors contributed equally to the work on this paper. struct generates a Stem-|oop RNA, and the stem mediates
2 present address: Infectious Diseases, Department of Medicine, Univer- RNA interference. Promoter regulation is relatively tight but

sity of British Columbia, D452 HP, VGH 2733 Heather Street, Vancouver, | cloni t ired d
BC, Canada V5Z 3J5. several cloning steps are required and some sequence com-
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binations resist cloning. Alternatively, the double-stranded
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and CG5GATCGCCACCTCTGCGATGGCCG (the 2027 bp

RNAs can be synthesised from a single template which target encompasses parts of theandp-tubulin genes).

is flanked by opposing T7 promotefs,6]. The latter ap-

The construction of the vector plasmids used in the remain-

proach has the advantage of requiring only one cloning step,der of the study are described inthe legends¢s. 1, 2and 4

but “background” expression from the “repressed” T7 pro-
moter is usually higher than for thEP promoter[9]. In

Reconstructed sequences are available from the authors and
the sequence of p2T7TAblue is on the trypanofan Web site

the worst case, the background dsRNA expression may be(http://www.trypanofan.org/

so deleterious as to prevent selection of suitable transfor-

mants.

We here describe attempts to improve all aspects of RNAI

2.2. Trypanosome culture

in trypanosomes: creation of repressor-expressing lines, the ~ Culture and transfection of. bruceilines 427, 927 was
cloning of PCR products, and the selection of trypanosomesas describedL1]. In all transfections 1Q.g Not I-linearised

exhibiting tightly-regulated RNAI.

2. Methods
2.1. Plasmid construction

To test 3-untranslated regions, the plasmid pHD 1034
[10] was used. This contains a chloramphenicol acetyl-
transferase@AT) cassette linked to a puromycin resistance
cassetteFURO); transcription is from the ribosomal RNA
(RRNA promoter. In pHD 1034 th&AT cassette has an
actin (ACT) 3-UTR flanked byBam HI and Sal | sites.
The new 3UTRs were amplified from cloned cDNA41]
using specific oligonucleotides and clonedBem HI-Sal
| fragments into similarly cut pHD1034, except for the
S83-UTR which was cloned as a bluntedglam HI-Kpn
| fragment. The boundary sequences (with restriction
sites, underlined) for the different-8ITRs were as fol-
lows: Ribosomal protein S18 (pHD 1201)-GGATGEBA-
AGGCTGCCAAGAAAC. ... TCTTTCTTTTTACTGAAA-
GTCGAC Ribosomal protein L30 (pHD 1202)—
GGATCCTAGGTGTATGCCGTCATG... ATTCAAACC-
AGCTTAAAAGTCGAC; Ribosomal protein L28 (pHD
1203)-GGATC@AGACAGTCCGCCCAAAGC... CTTT-
TCGTTTACATTGAGGTCGAC Ribosomal protein S8
(pHD 1204, blunt-end cloning)-GAGTGGAGAGCC-
GACCTG.... AAACACTACGGTATCGAC; Riboso-
mal protein S18 (pHD 1205)-GGATGERCGTGCTCC-
TCGCAGTGT.... CCACCCTGTTGACAGTTTGTCGAC

The plasmids were transfected into bloodstream try-
panosomes and at least 3 clones selectedC®F activity
measurement.

RNA interference plasmids directed against tubulin, PEX2
and histone H3 were as follows. The PEX2 and XRNB

DNA were transfected into ¥Qcells. Selection was initiated
the following day and at the same time cells were cloned by
limiting dilution. Selecting drug concentrations for blood-
stream forms were: hygromycing mi~1, G4182ug mi~1,
phleomycin 2Qugml~! (0.2pgml~! for maintenance),
puromycin 0.2.g mi~1. Drug concentrations for procyclic
forms were: hygromycin 5Qagmi~1, G41815.gmi-1,
phleomycin Sug mi~1, puromycin 2ug mi~1. Tetracycline
was added at 100 ng m.

To test growth of clones, bloodstream trypanosomes were
diluted to 1d to 1® mI~1 every 2 days, and procyclics were
diluted to 16 to 5x 10° mI~L. Clones were allowed to grow
and the number relative to the control counted before the next
dilution.

2.3. Westerns, CAT and luciferase assays

Western blots were developed with antibody to tibtere-
pressor (obtained from Prof. Dominique Soldati, then at the
ZMBH, as a supernatant from a previous blot) and to T7
polymerase (rabbit anti-T7 RNA polymerase antibody affin-
ity purified and used at 1:1000, obtained from Dr. Achim
Schnaufer, Seattle Biomedical Research Institute). The con-
trol was a cytosolic marker described[i8]. Detection was
with ECL (Amersham, Braunschweig) as described by the
manufacturer.

CAT and luciferase assays were as previously described
[14]. For CAT assays, X 10° cells were freeze-thawed in
250ul assay buffer and 2—20 were assayed. Slightly dif-
ferent protein concentrations were adjusted using Bradford
Assay. Negative controls of trypanosome homogenate (no
CATgene) and buffer were used for background subtraction.

3. Results

primers were as specified by the Trypanofan programme 3.1. A search for Buntranslated regions giving high

[12]: PEX2: CTAggatccGCTGTATCCGTTTCGTGGAT
and ACCctcgagCAACGCAAGCATCTAAACGA; XRNB:

AGGAagatctgcatgcTGCCAAAGTTCGCCTCTTGG  and
GTgaattcgtcgacCATAATTCAATCATCTGTGCTCC. The
Histone H3 primers were TCGAGGACCAAGGAAACCG
and ATGCACGTTCACCGCGTAG (the 397 bp target en-

constitutive expression

Anecdotal reports from various sources suggest that the
initial plasmids designed to express the tetracycline re-
pressor, pHD 36(1] and pHD 449[2], do not always
yield sufficient repressor when transfected into new try-

compasses almost the entire H3 gene) and the tubulin primergpanosome lines. (The lines that are in routine use in our

were CETCGAGCACACCTTCATTGGCAACAACA

and other laboratories fortuitously integrated two copies


http://www.trypanofan.org/
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of the plasmid.) To solve this problem, Wirtz et al. con- T AALD-3' Vector Pry
structed a cell line in which the transcription of the re- —NECE WG N pHD449
. . EP1-5' ACT-5'
pressor was driven by a mutated T7 promoter, in cells ex- ‘
pressing T7 polymerag@]. These cells function very ef- —— T V’B \NZTEN P; pHDES3
ficiently but require the application of continuous selec- ) Lot
p

tion pressure to maintain the two transgenes (sep:/
tryps.rockefeller.edu/protocelectorl.htm). More impor-
tantly, two transfection steps are required to make such cells.

Trypanosomes which can be transmitted by Tsetse are usu- s - =
ally relatively difficult to maintain as bloodstream forms in W -
culture, and their properties are adversely affected by pro- () e n]5 FlLE Bl B B

longed culture and selection of transformed lines. It would

therefore be useful to have a vector which would, after a sin-
gle transfection, allow reliable expression of adequate levels
of tetrepressor through the trypanosome life cycle.

The plasmid we have used so far to express the tetracycline
repressor, pHD 449, contains a singlETRgene with a trun-
cated aldolas€'duntranslated regiom ALD-3', linked to the
BLEresistance cassette. The efficiency of gene expression in
trypanosomes is strongly influenced by the sequences of the
3'-untranslated regions’ @ TR) of the mMRNAJ15]. We first
searched for'3untranslated regions that might give better ex- A
pression in both bloodstream forms and procyclic forms. We
chose cDNA sequences that were represented several times
in the EST databases, coding for ribosomal proteins: S18; ©
L30; L28; S8; and 60S P1 (See mEIhOdS)' The/BRs Wer_e Fig. 1. (A) To construct pHD 853, théSG3'-UTR cassette (as in pHD 615)
cloned downstream of @AT cassette, and transfected into  was first placed downstream of ti&€TRgene of pHD 449, replacing the
bloodstream and procyclic trypanosomes to make permanentruncated aldolase’&JTR. The T7 promoters in both pHD 449 and pHD
cell lines.CATactivities were between 50% and 80% of those 853 were removed bgl Il digestion and re-ligation. Next, the cassette

for the ACT 3-UTR (data not shown). We therefore aban- containing theEP15-UTR, TETRgene andAALD 3-UTR was excised
doned this approach( ) from pHD 449 and inserted in th8pH site of pHD 853[2] after end-

filling, to make pHD 1313. (B) Three independent 927 bloodstream-form
(B) lines containing pHD 1313 were induced to differentiate into procyclic
forms (P). Expression of thetrepressor was assayed by Western blotting,
3.2. Adouble-tet-repressor plasmid with untransformed 927 and 427-4{3 cells as controls. Two different
exposures are shown. (C) 927-1313 bloodstream forms were transfected

« - with pHD 617, two clones were selected aDAT activity was measured in
We next made a “double-tetR plasmld » PHD 1313, con- the presence and absence of tetracycline. Means for at least two independent

taining two copies of theetrepressorTETR gene Fig. 1A). assays are shown. (D) 927—1313 procyclic forms were transfected with pHD
One copy ofTETRhas aVSG3-UTR [16], which is very 616, three clones were selected and luciferase activity was measured in the

short (facilitating cloning) and gives good protein expression presence and absence of tetracycline. Means for at least two independent
in bloodstream forms. The secomB TRcopy has the\ALD assays are shown.

3'-UTR which gives good protein expression in procyclic

forms. The two genes are separated byBhEresistance cas- To check repressor function, we transfected the
sette. Selection for phleomycin resistance favours retentionbloodstream-form cells with a plasmid with a tetracycline-
of both copies ofTETR as homologous recombination be- inducible EP promoter andCAT gene (pHD 617), gener-
tween them would eliminate tHE.Egene. TotestpHD1313, ated permanent cell lines, and measuf@AT activity in

we transfected it intd@. brucei927 bloodstream forms, and the presence and absence of tetracycline. The positive con-
measured the levels of repressor by Western blotlingru- trol line expresse@AT from a constitutive rRNA promoter,

cei 427 cells that contain two integrated copies of plasmid (plasmid pHD 499)[18]. CAT activity in the newT. bru-

pHD 449]2], and which reliably can be used for inducible cei927-1313-617 transformants was present in the presence
expression of toxic genes (see §1y]) were used as a con-  of tetracycline, but was about 10 times lower than has been
trol. The results showed that the 927-1313 cells expressedpreviously seen in 427 bloodstream forms carrying a simi-
at least as much repressor as the 427—-449 deits (B). lar plasmid Fig. 1C). We do not know the reason for this
To see whether expression was retained in procyclic forms, discrepancyCAT was undetectable in the absence of tetra-
the 927-1313 parasites were allowed to differentiate. The cycline. The procyclic 927-1313 cells were tested using a
repressor levels in all three lines were similar to those in luciferase reporter (pHD 6162] (Fig. 1D). The regulation
bloodstream formsHig. 1B). in 3 independent cell lines varied from 100- to 5000-fold

1000 108
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RLU

o -+ - \+ - |Tet
% A B c
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and the luciferase activity in the absence of tetracycline was

similar to instrumental background. These results are simi-

lar to those obtained with the 427—-449 line containing two

integrated repressor copify.

The TREU927 strain is very useful for studies of try-

panosome differentiation and genefit$], but can grow only

to relatively low densities in bloodstream-form cultyid ] AAP”_,E"‘b_

and may be human-infectijd9]. The T. bruceiSTIB427 FC'IU pHD1332

strain is more suitable for routine work on gene function e D BHRIER

and especially for high-throughput approaches. We there-*47ri

fore, next transfected pHD1313 infobruceiSTIB427 pro- =D piip1sss
i TTT] pHD1341

pHD1330

EP1-5" AALD-3' pHD1331

B 77 RNA po/ R

>

cyclic and bloodstream forms to generate 427—1313 double- 2Fcer “
(111D

repressor lines. The bloodstream-form cells have since beer
transfected independently with plasmids carrying inducible
stem-loop constructs that cause RNA interference against
four different essential genes and RNA interference was suc-
cessful in all caseg0]. Prz

Transfection of the bloodstream and procyclic 427-1313 ~ CES{Essca 333 ([ EZC g/t pHD1304
cells with a plasmid, pHD 514, bearingNEO resistance
marker and a T7 polymerase gene and targeted to the tubulir 2~:» |§
locus, yielded lines constitutively expressing both the poly- AA, SR
merase and the repressor whose properties are described later.

From this point on, all experiments were done with Fig. 2. Plasmid constructs for T7 polymerase expression and testing. Plas-
STIB427-derived cell lines. mid pHD1330 (“long” deletion) was generated Kipn | and Spel digestion
of pHD 988[26] followed by end-filling and re-ligation. ThEAT (pHD
1332),LUC (pHD 1361) or T7 polymeras@{POL) (pHD1333) genes were
then inserted into the polylinkeApal site). (The T7 polymerase gene was
excised from pAR 328%7] with BamHI and Bgl II.) Plasmid pHD1331

The tetracycline-inducible T7 promoter exhibits much («short” deletion) was generated I§pn | and Nsi | digestion of pHD 988
higher background than the inducitid®1 promotei[9]. We [26] followed by end-filling and re-ligation. TR@AT (pHD 1341) ofT7POL
wondered whether it would be possible to lower the back- (PHD1340) genes were then inserted into the polylinker.
ground from T7 promoters by making transcription of the

T7 polymerase gene dependent on tetracycline addition. Ingp, g0y Thys the maximal activity, but not (unfortunately) the
all lines used so far, the T7 polymerase gene is integrated 'nbackground, was affected as expected by the promoter mu-

the tubulin locus and transcribed by polymerase II. In earlier ya4iqn e concluded that it should be possible to use these
studies itwas not possible to generate procychctrypanosomesp|asmids for inducible expression of T7 polymerase.
stably expressing T7 polymerase from Efel promotef21],

perhaps because the amounts of polymerase produced were

toxic to the cells. Our first step was therefore to develop an 3.4. Inducible expression of T7 polymerase

inducibleEP1 promoter with reduced activity at maximally

inducing levels of tetracycline. To do this we made two dif- We cloned the T7 polymeras@{POL) gene into both
ferent Bdeletions Eig. 2A). One deletion AEPT? promoter, deletion constructs, giving pHD 1332 AEPT* promoter-
pHD 1331) was expected to reduce activity by about 30%, T7POL) and pHD 1340 AEP”* promoterT7POL) (Fig. 2).
whereas a longer deletiold @AEP”* promoter, pHD 1330)  These plasmids were then transfected into 427—1313 blood-
was expected to reduce promoter activity by at least 70% stream and procyclic forms and several cell lines se-
[22,23] TheAAEPT* promoter, when turned on by tetracy- lected.

cline, should give roughly the same activity as is normally Fig. 3A shows T7 polymerase levels in all lines chosen
seen by polymerase Il read-through. To check inducibility of for routine use. The bloodstream and procyclic cell lines ex-
the crippledEP1 promoters, we used them to expr&€AT pressing T7 polymerase constitutively from the tubulin lo-
in repressor-expressing bloodstream trypanosomes (Straircus (1313-514) had equivalent levels of the protein (lanes
STIB 427, either containing pHD442] or pHD1313 (this 2 and 6). T7 polymerase was barely detectable in the in-
work), using plasmids pHD 1332 and pHD13#1g. 2). For ducible bloodstream-form line (1313-1333) without tetracy-
the AAEPT? promoter construct, 7 out of 15 lines showed cline (lane 3) and was still low with tetracycline (lane 4). In
inducible expression. The mean activity after induction was contrast, the procyclic inducible line expressed as much T7
11% of the fullEP promoter and inducibility was 10-fold. For ~ polymerase as the constitutive line in the presence of tetra-
the AEPT" promoter construct, 7 out of 8 clones showed an cycline (lane 8), but the “leakage” without tetracycline was
average of 45-fold inducibl€ATwith a 46% maximum (not  also correspondingly higher (lane 7).

o 311 pHD1340

pHD1438

3.3. Inducible EP promoters with low maximal activity
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was extremely high, on 25 times that from a control contain-

Bloodstream Procyclic
’ - -+ |- - -+ |Tetracyclne ing a CAT gene driven by arRRNApromoter (not shown
e and[18]); maximal activity from lines carrying tha AEPT"
a —_— — WS 77 Polymerase

promoterT7POL plasmid was five times lower. Backgrounds
o, — _.E. 17 Polymerase were quite variable. We chose, for future use, a line which
consistently gave the lowest background and had moderate

(A) © R, /-1 Vo maximalCATactivity. The behaviour of this line is illustrated

10000 5000 in Fig. 3C. CATactivity was reduced only one day after tetra-
— | i 8500 cycline withdrawal (not shown), and fell to a minimum of
= = > 25001 5-10% of the induced level within 2 dayBig. 3C).
B e %’ 75+ £ 2000 We also transfected a similarRCAT-PAC plasmid into
% 4000- g 504 % 1500 the chosen procyclic cells with inducible T7 polymerase. In
366 S b 19001 this case, removal of tetracycline for 3 days had only a minor
2 effect onCAT activity (Fig. 3D). This is consistent with the
rexrammi'-!] e S Ts,,acwife' ; fact that the level of T7 polymeras€if. 3A) in the unin-
(Eg)""’m‘er i 1A ©) it ) ™" duced procyclic cells (lane 7) is higher than in the induced

bloodstream forms (lane 4).
Fig. 3. (A) Western blot of lysates of2 10 bloodstream or procyclic cells Addition of tetracycline had no effect at all on growth of
containing pHD 1313 (Lanes 1 and 5), pHD 1313 and pHD514 (Lanes 2 the bloodstream and procyclic inducible T7 cell lines, con-

and 6); and pHD1313 and pHD1333 (Lanes 3, 4, 7, 8). The 1313-1333 firming that the amounts of T7 polymerase expressed were
cells were induced for 24 h with 100 ng/ml tetracycline. (a) The blot was not toxic

probed with rabbit anti-T7 RNA polymerase antibody (1:1000). Panel b is

an over-exposure of Panel a. Panel c is the cytosolic marker used as a loading

control. (B)CATactivity from a constitutive T7 promoter in 1313-1333and  3.5. Modification of the double-T7 vector

1313-1340 bloodstream forms. Cells with tha EP”* or AEPT* promoter

driving T7 polymerase expression were transfected with pHD 1344 and be-  The p2T7i B vector [8] contains two tetracycline-
tween 2 and 5 independent 1344 transformants for each line were Sele.CteqndUCible T7 promoters in opposite orientations. The T7 tran-
with puromycin and tetracycline. Extracts were made before tetracycline o - . .
removal (+) and 96 h after tet and puromycin removal. For each individ- scription should terminate at the terminators placed just up-
ual AAEPT-T7 or AEPT?-T7 line, the mean of results for multip@AT- stream of each promoteFig. 4). The plasmid also contains

expressing clones was calculated. The graph shows the mean and standaré bleomycin resistance markéL(E) driven by a ribosomal
deviation for three 1313-1333 and five 1313-1340 cell lines, in cpmin -~ RNA promoter.

1 i _ R . .
(10° cellsy1. (C) Behaviour of the chosen 1313-1333 bloodstream-form cell In our hands, the generation of clones expressing

line (T7 expression illustrated also in panel A). Two independent clones from bl . . h TR . ds of
this line containing pHD 1344 (TTGAT) were assayed. Extracts were made eomycin resistance using p requires two rounds o

before tetracycline removal (time 0), 48, and 96 h after tet and puromycin drug selection. This may be because bleomycin resistance
removal, and 48 h after re-addition of tetracycline (+). The leveCAfT is mediated by a protein which stoichiometrically binds the

seen when tetracycline was added back was not affected if puromycin wasdrug_ In contrast, the hygromycin resistance cassette encodes

added back as well (not showiAT activity is shown as the mean percent o an7yme which inactivates the drug. We therefore, replaced
of the time 0 value. (D)CAT activity from a constitutive T7 promoter in h ith di

1313-1333 procyclic forms. Cells with theAEPT? promoter driving T7 the BLE cassette with a gene encodify G. .

polymerase expression (shown in panel A) were transfected with pHD 1424 ~ We also replaced the GFP cassette witllaeZ gene

(similar to 1344 but with a polylinker downstream of tBAT gene instead flanked by Eam 11051 sites. TheEam 1105I sites al-

of the 3-UTR) and selected with puromycin and tetracycline. Extracts were gy rapid TA-cloning of RNAI targets and &acZ frag-

made before, anq 3 days .after, tet anid puromycin removal. Results from 4ment serves as a stuffer between opposing promoters and

lines are shown, in cpm mitt (10° cells™). . : .
also allows blue/white colour selection for recombinant
clones. This vector, p2T7TAblue (Fig. 4) is being success-

To see whether inducibility of the T7 polymerase could fully used in the TrypanoFAN chromosome | RNAI project

actually result in regulation of transcription from a single, (http://www.trypanofan.org/results of which will be pre-

integrated, constitutive T7 promoter, we transfected severalsented elsewhere. It is important to Usem 1105l as this

bloodstream cell lines with a plasmid, pHD 1344, which enzyme is very reliable.

has a constitutive T7 promoter driving@AT gene and a A version of the plasmid with blasticidin resistance is also

puromycin resistancePAC) selectable marker {-CAT- available (V.-D. Luu and Clayton, ZMBH, not shown).

PAQ) [20] (Fig. 2. We selected with puromycin in the pres-

ence of tetracycline. Both drugs were washed out to test T7 3.6. Inducible T7 polymerase for RNA interference

polymerase an@ATinducibility. Fig. 3B shows the average

CAT activities for several cell lines derived from the blood- The critical test of cells which inducibly expressed T7
stream inducible T7 cells by transfection with the fCAT- RNA polymerase was to see if they could be used for RNA
PACplasmid. For lines carrying theEPT* promoterT7POL interference. We therefore transfected the different cell lines

plasmid, maximaCATactivity in the presence of tetracycline  with a variety of potentially lethal p2T7 constructs. As a
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Prs Prs Table 1

Efficiency of clone generation after transfection of different cell lines with
il poT7TTA RNAI constructs
E.am/ \Xho Cell line 1313-1333 1313-514 Single-marker
RNAI target B P B P B
e ITITD 2777 TAHX -
N\ AN Clathrin 19/48 11/24 ND  9/24 ND
S e e g2ho Tubulin 1/48  23/24 0/48 024  0/48
Histone H3 10/48 21/24 2/48 3/24 9/48
R /—nm]l p5T7 CLA PEX 2 4/48 5/24 0/48  1/24 6/48
P N XRNB 12/48 10/24 3/48 20/24 2/48
Bam Xho p2T7TA vectoronly  ND ND 2/48 ND ND
Five different bloodstream-form (B) or procyclic-form (P) trypanosomes
i expressing théetrepressor and T7 polymerase were transfected with p2T7
PN T /==l p2T7"TABIue plasmids designed for down-regulation of five different essential genes. The
Bam Eami10sl Xho next day selection was applied and the culture was distributed into 24-well
Hpal plates. The number of wells giving stable trypanosome growth is given

relative to the total number of wells. The cell lines are shown in the top
Fig. 4. Construction of a modified double-T7 vector. The primers, Phyg5 two lines and the genes targeted by RNAI are listed in the left-hand col-
(5'-cgctagctttccacccagegeggdrand Phyg3 (5aaggcctctattectttgeccteg- umn. The “single-marker” bloodstream-form cells contain pHD 328 and
3) were used to amplify an rRNA promotetYG cassette from pHD617 pLEW114hyg5, and were made and described by Wirtz ef2jl. ND: not
[2]. The PCR product and p2T'B were digested wittNhd-Stu and lig- done.
ated to generate p2T7YC . A Not| site was inserted into the rDNA spacer

by annealing an oligonucleotide’-8gcggccg-3 and ligating the product . T .
to Cla I-digested vector to generate pZi"N. A PCR product gener- T7 polymerase is constitutively expressed. Cells lacking

ated using the primers EamD1 (ccegtggigtagataactacgatacg) and EampzClathrin have a dramatically enlarged flagellar pocket (*big-
(tagacgtcaggtggcactt) was then inserted Eéonl 1051/ TARNAPSsp! di- eye” phenotype) and in later stages show dispersed nuclei
gested p2T#HN to destroy anEami105! site within theAmp gene. [24]. In our induced cultures, “big-eye” cells were present,
Two primers, LacZ1: (Saaticcicgagttaacgacctigegicegagatagggtigadiot3 -yt relatively rare, whereas cells with dispersed nuclei were
and Lacz2: (S-agetiggateegttaacgacctigegtcgegcaacgcaattaaigigaese more common (not shown). The rather minor effects seen in
then used to amplify dacZ fragment from pGEM5Zf(+) (Promega). The
PCR product and p2T7HNAE were digested witBanHI-Xhd and ligated the bloodstream trypanosomes could be a consequence of the
to generate p2T7: TAblue. A clathrin gene fragmen€(A) [24] was used low T7 polymerase levels in this AEPT" promoterI7POL
to generate p2T7CH, line; it may in the future be worthwhile to re-investigate
bloodstrearmA\EP” promoterT7POL cells.
comparison we also included the “single marker” repressor-  The results from several other transfections are shown in
polymerase line which was previously described and is be- Tables 1 and ZThe “tubulin” RNAI plasmid is p2T7 contain-
ing used in the Trypanofan proje¢3]. We first targeted  ing a 2 kb fragment from the tubulin locus. This fragment is
clathrin (Fig. 4), which is essential iff. bruceibloodstream considerably longerthan those previously described as giving
forms[24]. Nineteen clones were obtained from two cuvettes effective inducible RNAI, and is therefore probably more effi-
(2 x 10’ cells). Tetracycline was added to all nineteen clones. cientin targeting the tubulin mRNA. The plasmid had repeat-
Eighteen out of 19 clones showed areduction of growth which edly given no clones at all in the single-marker bloodstream-
was quantitatively remarkably reproducible between lines form line. We were able to get clones only from the cells with
(not shown). As usually happens in such experiments, theinducible T7 polymerase. Upon addition of tetracycline, the
RNA interference effect was lost after about 5 days. If RNA typical “FAT” phenotype of cells with RNAI against tubulin
interference is “leaky” in the absence of tetracycline, there is was seen, with growth retardation. With dsRNA targeting the
continuous selection for lines which are no longer capable of histone H3 RNA, it was again easiest to get clones with the
expressing the dsRNA. This results in loss of the inducible cells inducibly expressing T7 polymeraSeable J); tetracy-
phenotype upon continuous culture or freezing. To check the cline addition resulted in growth retardation in both types
stability of the clathrin RNAI lines, they were cultivated con- of procyclic trypanosome lineT@ble 3. Cell lines show-
tinuously for three weeks then re-induced with tetracycline. ing growth effects also had a reduction in the targeted RNA
The growth phenotype was identical to that seen before. (Table 2and data not shown). It was notable that the transfec-
Procyclic clones containing the p2T7 clathrin RNAi tion efficiency of the bloodstream-form cells expressing T7
vector and expressing T7 polymerase either constitutively polymerase was very low even when empty vector was used.
(1313-514) or inducibly (1313-1333), showed a 1.5-to 2-  Induction of stem-loop-type RNAi against the glycosomal
fold increase in generation time upon induction of clathrin membrane protein PEX2 was rapidly lethal in bloodstream
RNAI. and procyclic formg25], although the procyclic forms sur-
Although the growth inhibition in the bloodstream-form vived for longer than the bloodstream forms. We therefore
clathrin RNAI cells was extremely reproducible and the in- tested this also with a p2T7 approach. Cells containing a
ducibility was preserved over several weeks, the phenotypep2T7 RNAI construct targeting PEX2 were generated with
was much less dramatic than was reported for lines in which low efficiency, but none showed any growth effect upon RNAI
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Table 2
Characterisation of selected cell lines from the experiment describEbie 1
RNAI target Phenotype 1313-1333 1313-514 Stem-loop
B P B P B P
Clathrin Growth Slow (18/19) Slow (8/8) Slow (6/6) - -
a- andB-tubulin Growth Died without tet Slow, fat (3/3) - - -
RNA Decreased (2/2)
Histone H3 Growth No effect (3/3) Slow (3/3) Slow (2/2) Slow (3/3) - -
RNA Decreased (2/2) Decreased (2/2)
Growth No effect (2/2)
PEX 2 Growth No effect (3/3) No effect (3/3) - No effect (1) Lethal Lethal 3—4 dags
XRNB Growth No effect (3/3) Slow (3/3) No effect (3/3) Lethal 3—4 days

For selected lines (single-well populations) derived from the 1313-514 and 1313-1333 parents, RNA interference was induced by tetracgoli@eddditi

were grown for up to a week, with dilution as required, and the effects of tetracycline observed by cell counting. “Slow” means that there was lstav growt
1.5- to 2-fold increase in division time after 48 h. Northern blots were also made after 48 h for a subset of lines: “RNA decreased” means that tfighemount o
targeted mRNA was visibly decreased on the blot relative to the un-induced control. For each phenotype we show: (number of lines showing thégdlenotype

number of lines tested). The “fat” phenotype is also noted for parasites with tubulin RINAor the lines with RNAI targetingRNBor PEX2, the result

from RNAI using a stem-loop is also shown. TREX2 results are publishd@5];

induction. Similar results were obtained by targeting an ex-
oribonuclease, XRNB, which is essential in procyclic cells

XRNBstem-loop result: Freese, Li, Clayton et al., unpublished.

will probably usually be necessary to use a stem-loop for
RNAI.

(Freese, Li, Estevez and Clayton, unpublished) except that a

slowing of growth was seen in bloodstream forms. Clearly in
these cases the stem-loop construct was more effective.

4. Discussion

We have made a number of modifications to RNAI vec-
tor and host strains in an attempt to increase the efficiency
with which RNA interference screens can be conducted in
trypanosomes.

To facilitate rapid cloning of large numbers of PCR prod-
ucts during RNAI screens, a vector bearing two T7 promot-
ers was modified by adding restriction sites that allow TA
cloning of unmodifiedTaq polymerase PCR products, and
by including alacZ gene for blue/white colony screening. In
addition, we replaced the originBLE marker with aHYG
marker as this should facilitate selection of recombinant try-
panosomes. We find that this vector enables RNAi lines to be
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