Control and regulation of PGK gene
expression in Trypanosoma brucel

Jurgen R. Haanstra2, Mhairi Stewart?, Van-Duc LuuP,
Simon HaileP, Marina CristoderoP, Chi-Ho LiP, Arjen van
Tuijl2, Hans V. Westerhoffa, Christine Clayton? and
Barbara M. Bakker?

aVrije Universiteit, Biocentrum Amsterdam, De Boelelaan 1087, Amsterdam, 1081
HV, the NETHERLANDS

bZentrum fiir Molekulare Biologie der Universitat Heidelberg (ZMBH), Im
Neuenheimer Feld 282, 69120 Heidelberg, GERMANY.

ZMBH

Zantrum fiir Malakiulara Rinlanie Heidalhara VP‘f_[re Univerﬁiteit ams#erdﬂm



AIM

To unravel at which level(s) gene expression is
controlled and regulated in Trypanosoma brucel, using
the PGK locus as a case study

Control — Steps have control if a change Iin that step will
give a change in the pathway output

Regulation — The steps that are actually used by a
system (e.g. cell) to change the pathway output are
regulating



Trypanosoma brucet

Trypanosoma brucei is the causative agent of African sleeping sickness.
Both cattle and humans can be infected by bites of the tsetse fly
60 million people are at risk, ~50.000-70.000 infections/year

Fatal if left untreated, resistance to current medication is spreading



Life cycle of T. brucei
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The PGK locus
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PGK activity
Blgodstream form




PGKB and PGKC expression
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mRNA and protein levels
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BF: 12.1 + 7.1 molecules/cell
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PGKB and PGKC expression
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Precursor processing
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Actinomycin D
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Actinomycin D + Sinefungin

e,

HIIH-"I:S-.!::’:'.illlr- {f—-l + k-]EE.;._ﬂ_;:,-_,p;.;ﬂ;.-.;_:ir&_u'.r:l X Epr&l:umﬂr]
- precursor

cnicing X [Precursor]

(K gration: povanane) X [PGKE mRNA] (M + Kjopracstion paromanat X [PGKC mRNA]

PGKE mRNA PGKC mRNA

-+ -

e——— v | =142 1 k..........x ribosome x [PGKB mRMNAI k.......xrbosome x [IPGKC mRNAL fursk ks sy wiP



Precursor processing

1204

Sinefungin/Actinomycin D

BT V (degradation)

o Frecurscr remalnimg

o
1.39 min

£ 0 15 20 25

Firvias o fvsi il
Actinomycin D alone (splicing +degradation)
Sinefungin inhibits splicing

Actinomycin D inhibits transcription



PGKB and PGKC expression
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Concentration Control Coefficients

¢ AX/X
Ap. / p,

€ Pal*ame[ﬁf-‘i that were varied were: Viranscriptions Hs kt.lr:g_u'Pf ksp]iciuge k{.lv:g_rrB and k

>CX =0

Concentration control coefficients sum up to O!



Control on [mRNA]

control on
[precursor]
[PGKBMRNA]
[PGKCmMRNA]

control of sum
degradation degradation
transcripti precursor precursor PGKB PGKC
on growth degradation splicing MRNA MRNA
1.000 | -0.004 -0.163 -0.834 0.000 0.000 0.000
1.000 | -0.023 -0.163 0.166 -0.981 0.000 0.000
1.000 | -0.116 -0.163 0.166 0.000 -0.888 0.000
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Regulation of mRNA
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Regulation analysis for differentiation from BF -> PF ()

d— = Koplicing " LPTECHIDUL | TN T R ) TNV | — U Wy
’ ¢ er_
| precursor] ; s |
" = Vyvamseripion — Kpticing + kdtg p) L precursor] = )
follows that:
1 . 3
anscription ' splicing
?IRNA]IJ - ."rr’IHiFT.Ih".' I '|_|' FOiNa 2}
(K piicing: + Kasgin ) B+ Kgegs )
| logarithmic space:
k. i
. , ."l_.l'.l'l.'l"]'.l'.".':' _ [l )
[mRNA, |=Inv, . ... +1n 2 . In(u+k,,, ;) 3)
sl & e v

we consider transitions from one state to another, e.g. from one life stage t

INIRNAT = ATN ¥y + A '“(k } Aln(u+ky,, ) (g 14)

+ 'i:lll_".' P

silicine



Regulation analysis for differentiation from BF -> PF (II)

vision through Aln[mRNA ] yields:
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Regulation coefficients

u (min™) kdegr (min™) steady state levels (molecules cell™)
PGKB PGKC PGKB PGKC
BF 0.0019 0.09° 0.02 1.2° 12
PF 0.0010 | 0.01° 0.14 18 1.0°
Pdegradation Ptranscription + Pprecursorprocessing
PGKB 0.97 0.03
PGKC 0.84 0.16

I = )0 transcription T IO precursorproces sin g T /0 deg radation




Conclusions/Discussion

We have experimentally determined PGKC mRNA and protein levels,
ribosome density on mature mRNA and precursor processing kinetics

We made a transcription model for PGKB and PGKC expression based on the
data from this study and literature data.

Although PGKC mRNA levels is controlled at several levels (positively by
transcription, precursor splicing and negatively by precursor/mRNA
degradation and growth), regulation seems to be exclusively at the mRNA
degradation level.

The small precursor processing regulation coefficient for PGKC mRNA is very
sensitive to errors in the measurement: a half life of the PGKC mRNA
increased to 3’, completely abolishes the regulation by precursor processing



