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During development of the complex T.
cruzl 1life cycle, at least three different aspects can
be readly observed: a) changes 1n the cellular
morphology, b) wvariation 1n the capacity of cell
divisgsion and c¢) modifications in the enviroment and
Lemperature faced by therparasite. 1Two families of
genes are khown to be deeply i1nvolved with the cellular
or environmental alterations described above, the
tubulin and the heat—-shock gene families (l,2). The
tubulain, as a major microtubule protein, 1s involved
with the changes 1n the cytoskeletal organization,
flagellum length and cell division process of T. cruzi.
The T. cCruzl cells respond to the elevation of
Lemperature with the 1nduction of a q@rpap of 4
heat—-shock proteins whose precise role 1n the-cells are
vet to be fully wundestood (2,3). For the reasons
described above we have chosen those two gene families

as a model to study the control of gerne expression in
T. cruzi.

We have sShown that tubulin gene

expression 18 developmenltally regulated during T. cruzl
life cCycle, having 1Cs lower level Of mRNA
accummulation and tubulin:- synthesis 1in metacvyclic

trypomastigoles (4). The tubulilin gene arrangment 1in T.
Cruzi comprises alpha and béta g¢genes linked 1n the
genome and organized 1n alternated tandem repeats
(5,6). The basic repeat unit is 4.3 kb. However there

are 1ndications orf other arrangment besides the basic
repeat (6).

The mRNA synthesis i1n Trypanosomatids and
other Kinetoplastids has been shown to possess peculiar
aspects such as the addition of a common leader
sequence (mini—-exon) to the 5 termini of all mRNA, by
a process called Lrans splicing (7-12). Another equally
surprising phenomenon 1s the so called HNA editing of
mitochondrial transcraipts. It was shown that the mRANAS
from the cytochrome ¢ o©oXidase subunit I1 and 111
genes contain uridines that are not encoded by the
respective genes, (13,14). Another new feature 1n the
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RNA metabolism of trypanosomatids is the occurence of
multicistronic transcription units encoding to: variant
surface g¢glycoprotein 221 mRNA and seven other 8lable
mMRNAS (15,16) ; alpha and beta Lubulins (17),
all 1n T. bruceil; alpha tubulin in Leptomas Sseymouri
(18) and the 1F-8 multigenic unit in T. cruzi (19). In
the majority of the cases the multicistronic RNA
precursor was not detected in northern blots, except
the RNA from the IF-8 unit of T. cruzi. We present now
evidences of occurence of a stable and common
multicistronic transcript encoding alpha and beta
Tubulin mRNAS 1n T. cruzi. We also present evidences of
accumulation of such Cranscript under restricted
conditions of cell growth, dictated by elther
developmentally regulated factors (metacyclogenesis),
populational density (8tationary epimastigotes) or
external factors (heat-shocked exponential
epimastigotes) possibily due Lo 1limitation 1in a
processing mechanism.

RESULTS AND DISCUSSION.

IDENTIFICATION AND COMPARTMENTALIZATION OF TUBULIN
RNA TRANSCRIPTS.

The g¢genomic clone lambda Tc3 (4,5)
encoding for alpha and beta tubulin was used as a probe
to 8tudy the expression of tubulin mRNAS in the
different stages of development of T. cruzi as well as
1n heat-treated, and different age epimastigotes.The
tubulin transcripts from control epimastigote cells
were analyvysed by northern blot. The result showed the
presence of at least seven RNA transcripts hybridizable
Lo the lambda Tc3 clone with molecular weight spanning
from 1.6 to approximately 20 kb. The RNA speciles of
1.6, 2.1 and 2.4 Kb were shown to be beta tubulln
encoding mRNAsS and the 2.1 kb an alpha tubulin mRNA, as
evidenced by hybridization with the respective specific
CDNA clones 1solated from a lambda gtll cDNA library.
The analysls of the cellular compartment distribution
of the tubulin RNAs has revealed that the 6.0, 8.0,

13.0 and 20.0 kb species were confined to the nuclear
compartment.
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S1 NUCLEASE PROTECTION ASSAY AND HYBRIDIZATION OF
SPECIFIC CcDNA CLONES INDICATE A SINGLE MULTIGENIC
RNA TRANSCRIPT OF ALPHA AND BETA TUBULIN.

The hybridization of the alpha and beta
CDONA clones to northern blots of total RNA revealed
thatl both probes recognize the high molecular weilight
RNA specles. On the other hand only the specific alpha
Or beta mMRNAS were recognized by the respective clone.

Sl nuclease protection of the genomic
cloned DNA, was used for the detection of contilguous
alpha and beta tubulin transcripts 1n total cell RANA.
The protected fragmemis were analysed 1in alkaline
agarose gel upon hybridization with the specific c¢DNA
clones. Total cell RNA was able to protect lambda
Tc3 DNA producing hybriding bands with molecular weight
Oof that of the mRNAs and above. These results indicate
that the alpha and beta tubulin mRNAS are originated
trom a common high molecular RNA species suggesting
thus a multicistronic origin.

CHANGES 1IN THE EXPRESSION OF TUBULIN GENES IN RESPONSE
TO HEAT TREATMENT.

The tLreatment of exXponential Qrowing
epimastigotes at 37 and 40 oC 1induced a gradual,
temperature dependent accumulation of a 13.0 kb RARNA

specles. Concomitantly, a decrease 1n the levels of
1ntermediate species of 8.0 and 6.0 kb. The levels of
the mRNA sSpecles were not altered. This observation

suggest a precursor product relationship of the 13 kb
HKHNA specles and the 1ntermediary RNA transcripts,
dsS well as rather stable tubulin mRNAs. On the other
hand, the rate of synthesis of tubulin, as measured by
1n vivo 1ncorporation of 358-methionine, 18 marked
Ireduced 1n cells 1ncubated at 40 oC. These results
Suggest a translational control of tubulin synthesis 1n
heat-shocked cells.

The recovery of tubulin synthesis and
tubulin RNA processing after heat-shock i1s shown on
fig. lA and B. After 3h. treatment at 40 oC, the cells
were returned to 29 oC and at different time intervals
aliquots were taken for pul se labelling wlth
35S-methionine and KNA extraction. As depicted in fi1qg.
1A, a progressive decrease 1n the synthesis of tubulin
18 observed at 40 oC followed by reassumption of
synthesis upon return of the cells to 29 oC. After 3h
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at 40 oC the cells show the lowest level of tubulin RNA

precursors (fig. 1B, lane D) dAnd mailntainance of the
mRNA levels (lanes A-D) . Arter returning to 29 0C,
lanes F-H, the pattern of precursor transcripts 1=

regtored with lower level of accumulation of mature
mRkRNAS, possibily due to a hiligher turnover of these

Species during the recovering process from The heat
Lreatment.
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Figure 1: (A) Pulge labeling of eplmastigotes cells

with 35S-methionine. Control cells (1), cells treated
at 40 oC for 2,3 and 6hnh (2—4) . At the end of 3h at 490
oC Tthe cells were returned to 29 od(:;: 30 min., 3h and
bh at 29 oC (5-7).(B) Northern blot of total RNA
hybridized to nick-translalted genomic cione lambda T'c3.
Control cells RNA (a), RNA from cells treated at 40
oC for 30 min., Zh, 3lh and 6h (b-e), RNA from cells
at 30 min, 3h and 6h after returning to 29 oC (f-h).
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DEVELOPMENTAL REGULATION TUBULIN GENES DURING
In vitro DIFFERENTIATION OF T. cruzl.

An_vitro cycle of cell differentiation
has been developed 1n our laboratory by using treatment
of the cells with 100¢% serum and i1ncubation in LIT and
Mlo medi1um (20,21) . The analysis of tubulin RNA
transcripts i1n total RNA from epimastigotes, metacyclic
Crypomastigoties and amastigotes 18 shown 1n fig.2 A,B
and C respecltively. As it can be noticed the levels of
Che mature tubulin mRNAs is lowest 11 metacyclic
trypomastigotes. However the comparision of the level
of accumulation of the highest molecular weight
Precursor RNA Shows an i1nverse pattern of accumulation,
that 1s, highest in metacyclics and the lowest in the

proliferanting forms of T. Cruzl. A similar l1ncreased
accumulation of this RNA species 18 also observed 1n
Staltionary epimastigotes. Therefore under restricted

conditions of cell proliferation dictated by ei1ther
developmentally regulated factors (metacyclogenesis),
populational density (stationary epimastigotes) or
exlernal factors (temperature) there seems to happen a
similar 1limitation 1in the processing of tubulin RNA

pPrecursors.
Kb
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Figure 2: Northern blot of total RNA (b ug) from
epimastigotes (A), metacyclic trypomastigotes (B) and
amastigotes (C), hybridized to nick-translated lambda
Tc3 genomic clone.
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