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Abstract : Change in B-tubulin nucleic acid and protein sequences was the only known difference between
Haemonchus contortus fenbendazole (FBZ)-resistant and -susceptible isolates. This change was sufficient
to determine the pathologic effect induced by FBZ treatment. This research was initiated to investigate further
differences from these two isolates. Since B-tubulin is involved in formation of microtubule, which has
functions in secretory vesicle transport, DNase activities from excretory/secretory products (ESP) of the two
isolates were compared, based on pH, sendtivity to DNase inhibitors, molecular masses and production
of 3-OH. The most significant difference detected was that a 38.5 kDa DNase activity was identified from
ESP of H. contortus FBZ-susceptible isolates but not from those of H. contortus FBZ-resistant isolates.
However, it was shown that the 38.5 kDa DNase is expressed with similar level of activity in intestine
and whole worm of H. contortus FBZ-resistant and -susceptible isolates. This result demonstrated that the
secretory transport pathway of the 38.5 kDa DNase was inhibited by unknown mechanisms, which may
be related with B-tubulin sequence change in FBZ-resistant isolates. Other DNases of 34, 36 and 37 kDa
were detected from ESP of both H. contortus FBZ-resistant and -susceptible isolates. Overall DNase activities
found from ESP of these two isolates were not inhibited by 10 mM EDTA at pH 5.0, but largely inhibited
by pH 7.0. In addition, DNase activities in two isolates produced DNA fragments with mixtures of 3-
hydroxyls (OH) and 3-phosphates (P) a each pH dthough the 3-end labeling ratios a pH 5.0 and 7.0
were shown different. Identification of inhibition of the 38.5 kDa DNase secretion in FBZ-resistant isolates
suggests existence of further differences, in addition to B-tubulin sequence change, in two isolates. This
shows complex effect of FBZ on H. contortus biological mechanisms.
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Fig. 1. pH effects on DNase activities from Haemonchus
contortus excretory/secretory products(ESP). Sample(400
ng protein) from ESP of H. contortus fenbendazol e-resistant
(ESPr) and -susceptible(ESPs) isolates were incubated with
plasmid DNA(400 ng) at 37°C for 30 minutes in buffers
at pH 4.0 to 10.0 containing 2 mM CaCl, and 2 mM MgCl,.
S, samples of H. contortus ESP without plasmid. Cultured
worm-washed buffer without sample(Con, same volume)
was incubated as described above as a negative control. The
digested products were analyzed in agarose gel(0.8%) and
visudized by ethidium bromide staining. Arrows on the right
refer to estimated sizes of two forms of DNA in
undigested plasmid at 4(upper) and 2.5(lower) kilo base
pairs, respectively.
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Fig. 2. Effects of EDTA and aurintricarboxylic acid(ATA) on
DNase activities from Haemonchus contortus excretory/
secretory products(ESP). Samples(400 ng protein) from ESF
of H. contortus fenbendazole-resistant(ESPr) and -susceptible
(ESPs) isolates were incubated with plasmid DNA(400 ng)
a 37°C for 30 minutes in buffers at pH 5.0(lanes 1-3) or 7.0
(lanes 4-6) containing 2 mM CaCl, and 2 mM MgCl,(lanes
1& 4), 10 mM EDTA(lanes 2 & 5) or 100 uM ATA with
2mM CaCl, and 2mM MgCly(lanes 3 & 6). Cultured worm-
washed buffer without sample(Con, same volume) was
incubated as described above as a negative control. The
digested products were andyzed in agarose gel(0.8%) and
visudized by ethidium bromide staining. Arrows on the right
refer to estimated sizes of two forms of DNA in undigested
plasmid at 4(upper) and 2.5(lower) kilo base pairs, respectivey.
The arrow head points to background staining that was
caused by ATA.
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Fig. 3. Zymographic analysis of DNase activity in Haemonchus contortus. (A) Samples(5 g protein) from excretory/secretory
products of H. contortus fenbendazole-resistant(lane 1) and -susceptible(lane 2) isolates or sheep serum(lane 3) were separated
by SDSPAGE(10% gel containing 200 pg/ml salmon sperm DNA) and incubated in buffers(pH 5.0 or 7.0) containing 2
mM CaCl, and 2 mM MgCl(Ca/Mg) or 10 mM EDTA(EDTA). M,s of DNases were estimated by staining the g with
ethidium bromide and visualizing by UV illumination. (B) Samples from intesting(INT, 100 pg protein) and whole worm
(WW, 50 pg protein) of H. contortus fenbendazole-resistant(R) and -susceptible(S) isolates were analyzed asin (A). Molecular
markers are indicated in kDa on the right and numbers on the left refer estimated sizes of DNases based on molecular markers.
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Fig. 4. 3-End labeling of DNA fragments produced by DNase activities from Haemonchus contortus excretory/secretory
products(ESP). Plasmid DNA was digested by DNase activities from ESP of H. contortus fenbendazole-resistant(ESPr) and
-susceptible(ESPs) isolates(400 ng protein) as described in Fig. 1. Fragments produced were trested with (+) or without
(-) akaline phosphatase(ALP) at 37°C for 1 hr. Samples were then subjected to 3-end labeling with termina deoxynuclectidyl
transferase(TdT). DNA fragments(20 ng) separated on an agarose gel(0.8%) was transferred to nylon membranes. Labeled
ends were detected as described in methods. Lanes Con, reactions with cultured worm-washed buffer without worm samples.
Densitometric measures were done on exposures that produced detectable signal in each lane used to generate end labeling
ratios(see methods; average of two repeats) of densitometric signal for samples treated with (+) or without (-) ALP. The
ratio of ESPr at pH 7.0 was obtained from a longer exposed one.
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