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wide ranging insights into immune mechanisms in blood-
sucking insects.

Arrays
Both trypanosome and bacterial challenges lead to a signifi-
cant number of downregulated genes (Figure 2) which may
represent a malaise reaction of the gut to infection such as
that recorded in Drosophila [39] and Manduca [40,41]. Only
relatively small numbers of genes are upregulated in response
to infection. However, based on their homology, many of the
genes which are not upregulated probably do have an
immune function - for example, Gmm-3156, Tse70a12 and
Tse812d11 are all involved in bacterial binding.

Successful trypanosome infection results in considerable
changes in the transcriptional profile (Figure 2). Comparing
infected midguts to equivalent non-trypanosome challenged
midguts, 10 genes are upregulated and 28 downregulated.
Comparing midguts from tsetse which had self-cleared

trypanosome infections to equivalent non-trypanosome
challenged midguts, 13 genes were upregulated and 31 down-
regulated. Remarkably, six of the 10 genes upregulated and
25 of the 28 genes downregulated in infected flies show the
same changes in self-cleared flies.

Two peroxidase homologs are upregulated in both self-
cleared and infected flies. In addition two more peroxidase
genes are upregulated in self-cleared flies. It is known that
trypanosomes are particularly susceptible to ROS [42,43] and
it is an interesting speculation that these genes may be upreg-
ulated to protect the fly against ROS which are generated dur-
ing the tsetse immune response against trypanosomes
(Zhengrong Hao and Serap Aksoy, unpublished observa-
tions). A homolog of the TepIV gene of D. melanogaster, a
member of the larger c3/α2 macroglobulin family, is also
upregulated in both trypanosome-infected and self-cleared
flies. It has been suggested that invertebrate members of this
family may have complement-like [17,44] or proteinase

Table 3

Miscellaneous group of putative immune-related genes chosen for arraying

Contig/EST Length (bp) E value Homology Putative function

Gmm-0596 * 560 7e-16 Dorsal (dm) Toll/signaling

Tse15b02 * 403 3e-24 ECSIT (dm) Toll/signaling

Tse44a11.q 571 2e-16 Toll9 (dm) Toll/signaling

Tse51g11 482 3e-23 Relish (ds) Imd/signaling

Tse37e05.q 374 6e-14 Relish (ds) Imd/signaling

Gmm-1270 517 3e-27 Imd (dm) Imd/signaling

Gmm-3029 * 1,073 8e-46 Thor (dm) Translational regulation

Gmm-2522 * 972 2e-62 P38b (dm) MAP kinase

Tse131b02 * 492 1e-32 Mpk2 (dm) MAP kinase

Tse41c10 * 539 2e-61 bsK (dm) JNK cascade

Tse66g09.q * 445 9e-49 Stat92E (dm) JAK-STAT cascade

Gmm-1963 561 1e-49 Attacin (gm) Antimicrobial

Gmm-2058 * 953 4e-78 Jafrac2 (dm) Extracellular peroxidase

Gmm-0601 * 458 1e-28 Prx5037 (dm) Extracellular peroxidase

Tse126a11 * 453 9e-39 Prx5037 (dm) Extracellular peroxidase

Gmm-2087 * 881 2e-98 Prx6005 (dm) Peroxidase

Gmm-2619 * 957 1e-104 Dpx2540 (dm) Peroxidase

Gmm-3099 * 824 1e-81 Dpx4783 (dm) Peroxidase

Gmm-1799 * 585 2e-58 Catalase (dm) Oxidative stress

Gmm-2629 * 950 1e-148 Catalase (dm) Oxidative stress

Gmm-1694 * 460 6e-34 Irp-1B (dm) Iron metabolism

Gmm-0034 * 474 8e-19 Fer1HCH (dm) Iron metabolism

Gmm-3307 * 1,239 3e-88 Fer2LCH (dm) Iron metabolism

Gmm-3348 * 1,747 2e-38 Fer1HCH (dm) Iron metabolism

Tse100h09 525 2e-53 Transferrin (sp) Iron metabolism

See legend to Table 1.
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inhibitor functions [16]. Members of the Tep gene family of D.
melanogaster are also upregulated on immune stimulation
[17]. A serpin is upregulated in both self-cleared and infected
flies and it is interesting to note that artificial proteinase
inhibitors can have cytocidal effects on trypanosomes [45].
One of the three putative lectins, Tse33h03, is also upregu-
lated in both self-cleared flies and infected flies. While the full
length cDNA for the other two lectins described both have
putative signal peptides and so are probably secreted from

cells, this particular lectin is of the ConA superfamily and
lacks a signal peptide and so is probably intracellular (M.J.L.,
unpublished observations). Therefore it is unlikely that this
lectin has a direct interaction with trypanosomes.

Genes that are differently regulated between infected and
self-cleared flies are clearly of particular interest. The peroxi-
dase homologs are discussed above. Others upregulated in
self-cleared flies but not in infected flies include homologs of

Expression profiles of putative immunity genes following bacteria or trypanosome challengeFigure 2
Expression profiles of putative immunity genes following bacteria or trypanosome challenge. Macroarrays were produced for the 68 putative immunity-
related genes listed in Tables 1,2,3. The contig (Gmm-) or clone identifier (Tse) is given for each gene in the same order as Tables 1,2,3; so (a) contains 
the protease-related ESTs (Table 1), (b) contains the adhesion molecules (Table 2) and (c) contains the miscellaneous ESTs (Table 3). Bacteria column: 
one-day old, bacteria-fed flies divided by the average of one-day-old fed control flies; Infected column: trypanosome-infected flies divided by the average of 
an equivalent set of non-challenged control flies; Self cleared column: flies which have cleared a trypanosome infection divided by the average of an 
equivalent set of non-challenged control flies. For full details see Materials and methods. The following number of arrays (n) were screened: one-day old, 
fed control flies (n = 5); bacteria-fed flies (n = 4); non-trypanosome-challenged control flies (n = 5); self-cleared flies (n = 4); infected flies (n = 5). A black 
box indicates at least a doubling of expression levels in at least n-1 of the observations compared to the average of the control. A gray box indicates at 
least a halving of expression levels in at least n - 1 of the observations compared to the average of the control. A white box indicates no change in 
expression level.

EST Bacteria Infected Self-cleared EST Bacteria Infected Self-cleared

EST Bacteria Infected Self-cleared

Gmm-1598
Tse112d02.q
Tse91h03
Tse129g02
Tse105c10.q
Tse48e12.q
Gmm-3334
Gmm-3352
Gmm-2356
Gmm-2594
Gmm-33
Tse72e04.q
Gmm-2766
Tse72e08
Tse94c04.q

Gmm-398
Gmm-2843
Gmm-2445
Gmm-3093
Gmm-3262
Gmm-2386
Gmm-2904
Gmm-2945
Gmm-48
Tse121d04
Gmm-2709
Tse74h11
Tse98g05
Gmm-1329
Tse36b05
Gmm-3156
Tse70a12
Tse81d11
Gmm-2608
Gmm-3328
Gmm-72
Tse108b10.q
Tse59b02.q
Tse84d03.q
Tse29b09.q
Gmm-2412
Gmm-3236
Tse33h03

Gmm-596
Tse15b02
Tse44a11.q
Tse51g11
Tse37e05.q
Gmm-1270
Gmm-3029
Gmm-2522
Tse131b02
Tse41c10
Tse66g09.q
Gmm-1963
Gmm-2058
Gmm-601
Tse126a11
Gmm-2087
Gmm-2619
Gmm-3099
Gmm-1799
Gmm-2629
Gmm-1694
Gmm-34
Gmm-3307
Gmm-3348
Tse100h09

(a)

(c)

(b)
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