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MICROBICIDAL ACTIVITY OF HYDROLYZED
TOXOPLASMA IMMUNE MOUSE SERUM (HS-LKs) IN
HETEROLOGOUS CELL CULTURES
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Lymphokines (Spl-LKs) capable of inhibiting toxoplasma multiplication in ho-
mologous cell monolayers in vitro exist in the supernatant of spleen cells from toxo-
plasma immune animals incubated either with toxoplasma lysate antigen (TLA),
or with non-specific mitogens (4, 10, 12-15). Contained in the Spl-LKs is a toxo-
plasma growth inhibitory factor, Toxo-GIF (15), approximately 30,000 to 40,000
m. w., which inhibits toxoplasma multiplication in homologous but not in hetero-
logous cells, thus showing species specificity (10).

Recently, circulating interferon (IFN) has demonstrated antiviral activity not
only in homologous but also in heterologous cells (1, 2). In the authors’ previous
reports (11, 12, 18), the activity of gamma-interferon (IFN-r) in the circulation of
toxoplasma immune animals reached its maximum after 6 h while the Toxo-GIF
activity peaked 24 to 48 h after TLA injection. The relationship of Toxo-GIF to
IFN-r, both of which are found in the same serum, had not yet been clarified.
Based on the above observations, an attempt was made to determine whether
immune serum, chemically hydrolyzed to its low-molecular components via enzymes
and acid-alkaline hydrolysis, would inhibit toxoplasma multiplication not only in
homologous but also in heterologous cells. It also aimed at detecting IFN activity
from the same hydrolyzed samples.

MATERIALS AND METHODS

Mice and Toxoplasma strain used: Inbred Balb/c nu/+ and nu/nu mice were used
in the experiments. They were inoculated intraperitoneally (i.p.) with 100 tachy-
zoites of the S—273 (swine origin) strain of Toxoplasma gondit. They were challenged
i.p. with 1,000 tachyzoites of the same strain 4 wks after the Ist inoculation. They
were further challenged with 100 tachyzoites of the RH strain 4 wks postinfection in
order to obtain hyperimmune mice which served as donors of immune spleen cells.
The immune mice were injected i.p. with TLA, 100 xg per mouse, 2 wks after the
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last infection. Blood was collected 6 or 24 h after the TLA injection i.p. and the
serum separated. The serum was then examined to see if it possessed inhibitory
effects on intracellular toxoplasma multiplication similar to that of Spl-LKs derived
from immune spleen cells. _

Preparation of Toxoplasma lysate antigen (TLA): TLA was prepared by the method
of Igarashi et al. (4). Cell-free toxoplasma tachyzoites of the RH strain were ob-
tained from the peritoneal cavities of mice infected 2 days before, and washed with
Hanks’ balanced salt solution (HBSS) by centrifugation. After washing, 10 volumes
of sterile distilled water were added. The resulting suspension was sonicated with an
ultrasonic vibrator (100 w Kubota, Model 200, Tokyo) for 3 min and kept at 4°C
for 24 h. The lysate antigen extract was centrifuged at 10,000 rpm for 1 h. The
supernatant was mixed with an equal volume of 1.7%, NaCl. The total protein con-
tent of TLA was estimated by the Lowry method (8) using bovine serum albumin
fraction V as a standard.

Cell monolayers: Adult mice and guinea pigs were injected i.p. with sterile 0.29,
glycogen saline solution. Five days later, peritoneal exudate cells containing macro-
phages were harvested by washing the peritoneal cavity with heparinized HBSS.
After washing by centrifugation (1,200 rpm for 5 min), the resulting sediments were
suspended to a concentration of 1 X 107 nucleated cells/ml in TC-199 medium con-
taining 109, heat-inactivated calf serum (CS), penicillin (100 units/ml) and strep-
tomycin (100 pg/ml). This medium is referred to as TC-199-CS throughout the
experiment. One ml of the suspension was placed on a multidish tray (FB-16-24,
Limbro Chemical Co., Chicago) containing a round coverslip in each dish and in-
cubated at 37°C for 4 h in the air with 59, CO,. After 4 h of incubation, nonad-
herent cells were removed by repeated washings and the cultures reincubated over-
night. Thereafter, they were rinsed with TC-199-CS and used as macrophage
monolayers for the assay of microbicidal activity. Approximately 989, of the cells
remaining on the coverslips could rapidly phagocytize carbon particles. Bovine and
canine monocyte monolayers were prepared in a similar fashion by the method of
Ishimine et al. (6).

Mouse kidney cell monolayers were prepared by removal of fat and fibrous tissue
from the kidney and placed in HBSS in a petri dish for 1 h at 4°C. After addition
of 40 ml of 0.259%, trypsin, the homogenized tissue was kept at 37°C for 40 min, with
stirring. It was then filtered through a glass fiber column and centrifuged at 1,500
rpm for 10 min. The pellet was washed 3 times with heparinized HBSS and ad-
justed to a final concentration of 5 X 10° nucleated cells/ml. One ml aliquots of the
suspension were deposited onto glass coverslips in multidish trays and kept in a CO,
incubator at 37°C for 5 days. Likewise, monolayers of human heart cells (Girardi
heart cells, 03—085 line, Flow Lab. Inc. USA) was prepared by the same method as
used for the other cell monolayers.

Interferon assay (IFN): IFN was assayed by the plaque reduction method using
a continuous cell line of mouse L cells (clone 929) and vesicular stomatitis virus (VSV)
as challenge virus (17). To the mouse L cell monolayers formed in 60-mm petri
dishes, 3 ml of a twofold serial dilution of the sample in minimal essential medium
containing 4%, CS(MEM-49,CS) was added and incubated at 37°C for 18-24 h in a
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CO; incubator. The monolayers then were washed twice with the same medium
and challenged with 100-200 plaque forming units of VSV for 60 min. Afterwards,
MEM-29,CS and 19, agar were overlaid in each dish. The plates were reincubated
for 40-48 h. The second overlay was done with MEM-49% CS-0.89, agar and
neutral red. Plaques were counted 4 h later. The IFN titer was determined by
plotting the percentage of inhibition against different dilutions on a sheet of probit
paper. It was expressed as the reciprocal of the dilution of the sample which had
reduced the plaque count to 509, of the control plaque count. A standard reference
IFN sample was included in each assay. It varied in titer within a twofold range.
One unit of IFN in this assay was equivalent to 6 units of the reference mouse IFN
standard (G-002-904-511) provided by the National Institutes of Health, Department
of Health, Education and Welfare, Bethesda, Md., U. S. A. To differentiate regular
IFN (IFN-« and IFN-p) from IFN-r, the sample was diluted to 1: 16 with MEM and
dialyzed against glycine-hydrochloric acid buffer, pH 2, at 4°C for 24 h. Since the
IFN activity disappeared from the sample, it was suggested to be that of IFN-r.
Furthermore, this activity was not influenced by heating in a water bath at 56°C for
60 min. These results lend support to the concept of previous authors (7, 16, 19).

Preparation of hydrolyzed serum (HS—LKs) and hydrolyzed spleen lymphokines (HSpl—
LKs) from toxoplasma immune serum (S—LKs) and cultured spleen cell lymphokines (Spl-LKs) :
To 100 ml of mouse S-LKs or Spl-LKs, and mouse normal serum or supernatant
from normal cultured spleen cells, 0.1 g of proteinase (refined pronase, Sigma Chem-
ical Co., U. S. A.) was added. The mixture was incubated at 37°C for 12 h in order
to break peptide bonds nonspecifically. It was then mixed with 10 ml of 10 N NaOH
(pH, >12) by constant stirring and boild at 100°C for 1 h to inactivate proteinase and
antigenicity. After cooling to 4°C, the pH was adjusted to 7.04-0.1 with 10 N HCIL.
The hydrolyzed sample was filtered and then centrifuged at 10,000 rpm for 20 min,
and the supernatant collected. That portion of hydrolyzed sample with a m.w. less
than 7,000 was fractionated by Sephacryl S—200 gel chromatography with 0.01 M
PBS, pH 7.2, at a flow rate of 18.6 ml/h by using a 5-~AUH-JEOL automatic liquid
chromatograph apparatus (Nihon Denshi Co.,-Tokyo). The eluate (A) was frac-
tionated again by Toyopearl HW-40 Fractgel chromatography to collect fractions of
approximately 3,000 to 5,000 m.w. The eluates were pooled, dechlorinized with
double distilled water by Sephadex G-15 gel filtration, and then freeze-dried and
stored. These products were referred to either as hydrolyzed serum lymphokines
(HS-LKSs) or hydrolyzed spleen cell cultured lymphokines (HSpl-LKs) for conven-
ience. Normal serum and supernatant from normal cultured spleen cells were treated
in a similar fashion and served as a control.

Assessment of cell microbicidal activity: Normal cell monolayers were infected with
approximately 1 X 10% tachyzoites of the RH strain per dish 1 h before the addition of
either S-LKs and HS-LKs, or Spl-LKs and HSpl-LKs to each chamber. The fate
of the intracellular parasites was monitored by phase contrast microscopy of the in-
fected cell cultures at regular intervals. Toxoplasma could be readily identified by
its morphological appearance within cytoplasmic vacuoles. For light microscopy
examination, the cultures were stained with May-Grinwald-Giemsa stain. The in-
fection rate of cells was calculated from the number of parasites in vacuoles of 1,000
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individual cells on each cover slip. The rate was 1 to 5 tachyzoites in one group and
more than 6 tachyzoites in the other. To obtain a mean infection rate, experiments
were repeated at least 3 to 5 times.

REesuLTs

Gel filtration of proteinase-treated and hydrolyzed immune serum and spleen lymphokines
after treatment: ‘The results of fractionation of treated samples were carried out by
- Sephacryl S-200 gel filtration: As shown in Fig. 1 (top), untreated immune serum
was separated into 3 peaks. Fractionations I, IT and III were collected. Toxo-
GIF was contained in Fract. I, but not in Fract. IT and III. When treated with
proteinase and hydrolyzed at 12 h, Toxo-GIF shifted to Fract. II, as marked with
black in the figure. Toxo-GIF activity in Fract. IT was of higher level than that at

BEFORE HYDROLYSIS
Immune serum

Fractionation

Start

Tube No.

Toxo-GIF activity (+) (=) (-)
AFTER HYDROLYSIS

6 hrs b 4‘.‘; \

12 hrs

Tube No. L

Toxo-GIF activity (+) (-)

Figure 1 Chromatography Pattern on Sephacryl S-200 gel Filtration of Mouse
Toxoplasma Immune Serum and Its Hydrolysis Samples 6 and 12
Hours After Treatment.

Tube No.

Figure 2-a Fractionation of Crude HS-LKs Previously Obtained by Sephacryl
S-200 gel Filtration on Toyo-pearl Fractgel HW—40.
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Figure 2-b Chromatography Pattern of HS-LKs Obtained by Toyo-pearl
Fractgel HW-40 on Sephadex G-15.

any other time of incubation and collected as eluate (A). Eluate (A) was fractionated
again by Toyo-pear]l HW—40 (Fig. 2-a) and by Sephadex G-15 gel chromatography,
and finally separated into 2 major peaks, as shown in Fig. 2-b. Toxo-GIF was
contained in the Ist peak, but not in any other peak. The eluates from the 1st peak,
being called HS-LKs from immune serum and HSpl-LKs from spleen cell cultured
lymphokines. The molecular weights of HS-LKs and HSpl-LKs were estimated to
be between 3,000 and 5,000 by Sephacryl S-200 and Sephadex G-15 gel chromato-
graphy after calibration with blue dextran (m.w., 1,000,000), bovine albumin. (m.w.,
67,000), egg albumin (m.w., 45,000), alpha chymotrypsinogen (m.w., 24,500), ly-
sozyme (m.w., 14,300), insulin (m.w., 6,000) and insulin-chain B (m.w., 3,400) by
using the same preparative method.

Amino acid composition of HS-LKs and HSpl-LKs: As shown in Table 1, ana-
lyses were performed with 1 to 3 pg of HS-LKs or HSpl-LKs. Unhydrolyzed
duplicate samples were also analyzed to monitor contaminations by using the amino
acid analyzer (Hitachi 835-30 type, Tokyo). The quantity of each amino acid
detected in the unhydrolyzed samples was less than 59, of the amount present after
hydrolysis. Acid and basic amino acids, especially aspartic and glutamic acids and
lysine, were abundant in the amino acid composition of both HS-LKs and HSpl-LKs.
Tryptophan was not detected by using the amino acid analyzer, however, in both
HS-LKs and HSpl-LKs tryptophan was ascertained by the method of Neubauer-
Rhode reaction (5).

Influence of time of bleeding on Toxo-GIF and IFN production in toxoplasma immune mice
after intraperitoneal TLA injection: Two weeks after challenge with the $-273 strain of
Toxoplasma gondii, groups of hyperimmune or normal mice were injected i.p. with
100 xg of TLA. Blood samples were obtained from the mice by cardiac puncture
at different times after TLA injection. The pooled sera were tested for Toxo-GIF
and IFN activity by the techniques described above. As shown in Table 2, hyper-
immune mice showed an enhanced production of IFN which reached a peak 6 h
after TLA injection. On the other hand, sera obtained from normal mice showed a
maximum activity of IFN 24 h after TLA injection. The IFN activity in sera ob-
tained from toxoplasma immune mice after TLA injection dropped distinctly after
dialysis at 4°C against pH 2 buffer for 24 h. It remained unchanged, however,
after incubation at 56°C for 60 min, suggesting IFN-r. In contrast, the IFN activity
of normal mouse serum peaked 24 h after TLA injection, and dropped drastically
when the serum was heated in a water bath at 56°C for 60 min. No significant de-
crease in serum IFN titers was seen when samples were dialyzed against pH 2 buffer
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Table I Amino Acid Composition of HS-LKs and HSpl-LKs from

Toxoplasma Immune Mouse

HS-LKs HSpl-LKs
Amino acid
n Grams n M n Grams nM
Asp 1275.00 9.586 406.40 3.055
Thr 160.25 1.346 203.93 1.713
Ser 240.08 2.286 192.76 1.835
Glu 1759.30 11.968 505.24 3.437
Gly 447.40 5.965 178.43 2.379
Ala 354.61 3.984 150.39 1.689
Cys 204.78 0.852 257.09 1.070
Val 404.83 3.454 131.77 1.124
Met 43.32 0.290 28.86 0.193
Ile 77.43 0.590 30.73 0.234
Leu 351.36 2.678 107.51 0.819
Tyr‘ 127.37 0.702 98.94 0.546
Phe 86.34 0.522 67.10 0.406
Lys 2351.23 16.082 907.36 6.206
NH, 760.44 44,732 220.83 12.990
His 211.14 1.360 38.07 0.245
Arg 101.83 0.584 71.64 0.411
Pro 505.10 4.392 189.87 1.651

The amino acid residues are Asp. Aspartic acid; Thr, Threonine;
Ala, Alanine;
Cys, Cystine; Val, Valine; Met, Methionine; Ile, Isoleucine;

Ser, Serine; Glu, Glutamic acid; Gly, Glycine;

Leu, Leucine; Tyr, Tyrosine; Phe, Phenylalanine;

Table 2 Characteristics of Toxo-GIF and Interferon Present in the Sera of Immune Mice

after Injection of Toxoplasma Lysate Antigen (TLA)

Lys, Lysine;
NH,;, Ammonia; His, Histidine; Arg, Arginine; Pro, Proline.

Serum Mean percentage of Interferon
collection macrophages with Tp*
Source of time (h) 24 h after inoculation Stable at
sera Antigen  after TLA
injection 0Tp 1-5Tp >=6Tp/ Titer pH 2 56°C
cell
Toxoplasma TLA*#* 0 90.24+-6.0 9.4+5.5 0.4+0.5 <1: 40
immune (100 pgip) 6 97.442.5 2.24+2.0 0.4+0.5 1: 160 <1: 40 1: 160
mice 24 99.44+1.2 0.64-1.2 0 <1: 40
Normal TLA** 0 91.841.9 74422 08404 <1: 40
mice (100 pg ip) 6 93.843.1 3.44-2.3 3.04+2.0 <1: 40
24 92.4+44 6.643.2 1.041.2 1: 320 1: 320 «<1: 80

* Mean £ SD was calculated from the results of 5 independent experiments,

** TLA, 100 pg, was injected intraperitoneally in each mouse,
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for 24 h. These properties were indicative of regular IFN (IFN-« and IFN-g).

In sera collected from toxoplasma immune mice injected with TLA, Toxo-GIF
activity showed a tendency to increase up to 24 h after injection. Sera collected from
normal mice after TLA injection, however, showed no inhibitory effect on toxoplasma
multiplication within mouse macrophages. i

Determination of the in vitro inhibitory effect of HS-LKs on toxoplasma multiplication in
homologous cells: 'Toxoplasma immune mouse serum (S-LKs) diluted to 109 in
TC-199-CS inhibited toxoplasma multiplication in normal mouse macropahges
after incubation for 48 h as shown in Table 3. This S-LKs showed an IFN activity

Table 3 Toxoplasmacidal and Cytotoxic Activities of Toxoplasma Immune Mouse
Serum (S-LKs) and the Hydrolyzed Serum (HS-LKs) in Normal Mouse
Macrophage Monolayers

Concentration of Mean percentage of Interferon
Sample added sample in macrophages with Tp*
in TC-1994+ TC-1994 109, CS 48 h after inoculation Stable at
10% CS Added Cytotoxi- _
(%) city 0Tp 1-5Tp >6 Tpjcell Titer pH2 56°C
TC-199+4 . — — 38.6+14.0 33.447.1 28.0410.8 <1: 8
109, CS alone v
Normal mouse 10 — 33.54+11.0 31.2+9.5 3534158 <I1: 8
serum
Normal mouse
hydrolyzed 0.25 — 34.44 9.2 38.6+3.4 27.0411.7
serum 0.50 — 40.8+ 8.9 354453 23.84 6.7
0.75 — 3424103 43.848.4 22.04 5.4
1.0 — 4144 7.9 41.246.6 174+ 47 ,
%8 i Destroyed the greater part of macrophages

Iimmune mouse 10
serum (S-LKs)

974+ 25 22420 644 05 1:160 <1:16 1:80

HS-LKs 0.25 — 38.6+ 8.9 37.4+74 2404+ 8.6
0.50 — 84.64+10.0 122476 3.24 3.4
0.75 — 96.2+ 2.8 3.6+24 024 04
1.0 — 942+ 40 58440 O < 1:8
gg __:: Destroyed the greater part of macrophages

* Mean-+SD was calculated from the results of 5 independent experiments.
Toxoplasma immune serum was collected at 6 h after intraperitoneal injection of TLA.

titer of 1: 160. When it was dialyzed against glycine-hydrochloric acid buffer, pH
2, at 4°C for 24 h, the IFN activity assay revealed a great drop in activity. No change
in IFN activity was exhibited, however, when the S—-LKs was incubated at 56°C for
60 min. This IFN was therefore regarded as IFN-r.

HS-LKs were reconstituted with TC-199-CS to concentrations of 0.25, 0.5,
0.75, 1, 2, and 59, and added to normal mouse macrophage monolayers 1 h after
toxoplasma inoculation in order to examine parasite multiplication. Cytotoxicity
was observed when HS-LKs were added in concentration of 2 and 59,, showing a
remarkable destruciton of the macrophage monolayers. When the concentration of
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HS-LKs was less than 19, no cytotoxicity was noted, but toxoplasma multiplication
distinctly was inhibited. Only 0.99, of the macrophages contained 1-5 parasites,
and non contained more than 6 toxoplasmas. The inhibitory effect of HS-LKs was
reduced correspondingly with a decrease in the concentration of HS-LKs to 19,
0.75%, 0.5% and 0.25%, when toxoplasma containing cells were 0.9%,, 3.4%,, 6.0%,
and 9.99%,, respectively. No IFN-r activity was detected in any of these concentration
of HS-LKs.

Hydrolyzed normal serum was also reconstituted with culture medium to con-
centrations of 0.25, 0.5, 1, and 29, and added to normal mouse macrophages. Cyto-
toxicity was observed when the hydrolyzed normal serum was added in a concentra-
of 2%, resulting in the destruction of most of the macrophages. When the concen-
tration of the hydrolyzed normal serum was less than 1%, neither cytotoxicity nor
inhibition of toxoplasma multiplication was noted.

Determination of the in vitro inhibitory effect of HS-LKs and HSpl-LKs on toxoplasma
multiplication in heterologous cells: ~ As shown in Table 4 and 5, Spl-LKs from toxoplas-
ma immune mouse spleen cells cultured with TLA for 48 h, in 109, dilution, in-
hibited toxoplasma multiplication in normal mouse macrophages. Over 959, of
the macrophages remained uninfected, with less than 19, containing more than 6
toxoplasmas after 48 h. This Spl-LKs showed a titer of 1: 256 of IFN activity, which
seemed to be IFN-r (Table 4). When the concentration of HS-LKs or HSpl-LKs
was 0.5%, no cytotoxicity was noted, but toxoplasma multiplication in mouse macro-
phages was inhibited remarkably. At this concentration, no IFN activity was de-
tected (Table 5).

Table 4 Microbicidal Activities of Normal Canine Monocytes, Bovine Monocytes and
' Human Heart Cells Inoculated with Toxoplasma 1 Hour Before the Addition of
Toxoplasma Immune Mouse Serum (S-LKs) or Immune Mouse Spleen Lympho-

kines (Spl-LKs)

Mean percentage of Interferon
Source of heterologous cells with Tp*
Cell line the addition 48 h after Tp inoculation Stable at
in the medium Titers —™MWM————
0Tp 1-5Tp >6 Tp/cell pH2 56°C
Canine Without S-LKs 40.24-15.8 18.44 9.4 41.4-48.1
monocytes With 109, S-LKs 46.14-11.9 21.3+ 7.4 32.6+7.4
With 10% Spl-LKs 48.3+ 9.8 19.94 8.7 31.816.6
Bovine Without S-LKs 56.54+13.9 31.1+ 8.8 12.4+5.9
monocytes ~ With 109, S-LKs 51.74+ 9.2 27.24+10.1 21.14+7.9
With 109%, Spl-LKs 55.84-13.1 25.5+ 0.6 18.74-8.3
Human Without S-LKs 54.64-24.3 20.6+ 9.3 24.819.6
heart cells With 109, S-LKs 58.3+13.1 184+ 7.8 23.3+8.3
With 109 Spl-LKs 48.94-22.8 21.3+10.7 29.84-9.3
Control '
Mouse Without S-LKs 45. 3 20.64-8.0

4
Macrophages With 109, S-LKs 97.4
With 109, Spl-LKs 95.2

s

4.04 1.7
224 20 64405 1:160 <1:16 1:160
42+ 29 06409 1:256 <1:16 1:160

* Mean £ SD was calculated from the results of 5 independent experiments,
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Table 5 Enhanced Toxoplasmacidal Activity of Heterologous Cells Following the Addition
of Toxoplasma Immune Mouse Hydrolyzed Serum (HS-LKs) and Hydrolyzed
Spleen Lymphokines (HSpl-LKs)

Mean percentage of Interferon
Source of heterologus cells with Tp*
Cell line the addition 48 h after Tp inoculation Stable at
in the medium 0Tp 1-5Tp =>6Tp/cell Titers ———
pH2 56°C
Canine Without HS-LKs 29.64+ 5.2 51.34+3.2 19.1+2.0
monocytes With 0.59% HS-LKs 94.04+ 4.1 4.24-2.6 1.84-2.2
Without HSpl-LKs  40.24+15.8 18.44+-9.4 41.44.8.1
With 0.59% HSpl-LKs 81.0+ 3.7 12.64+3.0 6.44+2.5
Bovine Without HS-LKs 2124+ 44 43.64+99 35.247.2
monocytes With 0.5% HS-LKs 9244 4.4 6.64-3.2 1.04+1.2
Without HSpl-LKs  56.5+13.9 31.14-8.8 12.4459
With 0.59 HSpl-LKs 80.7+ 4.5 12.843.7 6.542.1
Human Without HS-LKs 55.74+10.1 18.1+29 26.247.2
heart cells With 0.59% HS-LKs 73.24 8.0 21.9+45.1 49429
Without HSpl-LKs  54.64-24.3 20.6+9.3 24.84-9.6
With 0.5% HSpl-LKs 70.2+18.2 19.64+-3.9 102474
Control
Mouse Without HS-LKs 454+ 9.7 34.0-4+1.7 20.64-8.0
macrophages With 0.5% HS-LKs 91.0+ 52 6.44+15 2.6+3.7 <1:16
With 109, S-LKs 97.4+ 2.5 22420 64405 1:320 <1:16 1:160
With 109, Spl-LKs 95.21 3.6 4.2+29 0.6409 1:160 <1:16 1:160

* Mean-SD was calculated from the results of 5 independent experiments.

109, lymphokines (Spl-LKs), 109, toxoplasma immune serum (S-LKs), 0.5% hydrolyzed
lymphokines (HSpl-LKs) or 0.5% hydrolyzed immune serum (HS-LKs) was mixed with
the standard medium containing 10%, calf serum.

Then 109 S-LKs or Spl-LKs was also investigated for inhibitory effect on
toxoplasma multiplication in such heterologous cells as canine monocytes, bovine
monocytes and human heart cells. No toxoplasma multiplication was inhibited by
the addition of S-LKs or Spl-LKs (Table 4). However, HS-LKs or HSpl-LKs
added to a concentration of 0.59, inhibited toxoplasma multiplication in canine
monocytes, of which only 6%, and 19%, contained toxoplasma, respectively (Table 5).
Similarly, inhibition of toxoplasma multiplication by the addition of HS-LKs or
HSpl-LKs was also observed in bovine monocyte and human heart cell monolayers
as compared with HS-LKs-free culture medium. No cytotoxicity was found in
homologous or heterologous cells upon the addition of 0.59, HS-LKs or HSpl-LKs.

DiscussioN

In previous studies, normal mouse macrophages and kidney cells were cultured
with Spl-LKs from toxoplasma immune spleen cells. When infected with a virulent
toxoplasma strain, the Spl-LKs-activated macrophages and kidney cells showed a
significant inhibition of the intracellular multiplication of tachyzoites (4, 9, 12-15).
This inhibitory activity was presumed to be due to a macrophage-activating factor or
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similar activators released from immune T-lymphocytes(13). Such factors appeared
to have conferred enhanced microbicidal properties to the cultured macrophages and
kidney cells. Thus the term toxoplasma growth inhibitory factor (Toxo-GIF) was
adopted (15). It had a calculated molecular weight of 30,000 to 40,000 in which
MIF-T was also contained (4). The mouse Spl-LKs inhibited toxoplasma multi-
plication in mouse macrophages and kidney cells, but not in heterologous cells (9, 10).

In related, earlier studies, separate and distinct mediators from hamster lym-
phocytes active against Toxoplasma and Besnoitia have been indentified (3). These
mediators were effective not only for macrophages but also for kidney cells and
fibroblasts. They had a calculated molecular weight of 4,000 to 5,000. In our
previous report (10), MIF-II and a mediator or cytotoxic factor of 3,000 to 5,000
m.w., which damages macrophage monolayers were found in the mouse Spl-LKs, but
not in the Toxo-GIF. In consequence, and attempt was made to determine whether
S-LKs and Spl-LKs, chemically hydrolyzed to its low-molecular components via
hydrolysis, would inhibit toxoplasma multiplication in cell monolayers. These low
molecular weight substances, HS-LKs and HSpl-LKs, possessing cytotoxic properties
were similar to that separated by Chinchilla and Frenkel from hamsters (3). How-
ever, inasmuch as we failed to observe Toxo-GIF, the difference or similarity in the
mechanism of these mediators is still unknown.

The results obtained in this experiment strongly suggest that a Spl-LKs-like
substance might have existed in the toxoplasma immune mouse serum, and that
HS-LKs and HSpl-LKs might have inhibited toxoplasma multiplication not only in
homologous but also in heterologous cells. A Toxo-GIF or Toxo-GIF-like substance
together with IFN-r has been detected in the blood of hyperimmune mice after
intraperitoneal injection with TLA.

Lymphokines produced by spleen cells usually show their greatest activity on
cells from the same species (10). This phenomenon of species specificity is undesirable
since it indicates that only homologous preparations can be expected to display ther-
apeutic value. HS-LKs and HSpl-LKs, however, showed inhibitory effects on
toxoplasma multiplication in heterologous cells. In addition to anti-toxoplasma
activity, cytotoxicity was observed in vitro regarding both heterologous and homol-
ogous cells after HS-1.Ks and HSpl-LKs were added to a high concentration of 29,.
'The components of 3,000 to 5,000 m.w. in a part of the Spl-LKs and of normal serum
was contained as cytotoxic factor in natural animals (11). In consequence, in in vivo
tests, it might be inappropriate to use HS-LKs or HSpl-LKs in high concentration
due to cytotoxicity. Furthermore, there is no distinct explanation whether this
cytotoxicity is present naturally, or occurred as a consequence of our preparative
methods for HS-LKs or HSpl-LKs.

Therefore, if cytotoxic components can be identified and removed, and if HS-LKs
and/or HSpl-LKs can be collected in large volumes by any method, animal prep-
arations likely may prove useful in enhancing the immunological and microbicidal
properties of human cells as an immunopotentiator. If this phenomenon can be
confirmed in vivo, it will be possible to use animal derived HS-LKs on a largescale,
because this serum is an inexpensive source for the treatment of human diseases.
Since the use of nonhuman HS-LKs is of significant scientific and clinical value,
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further investigation is both timely and necessary for the development of this source on
a large scale.

SUMMARY

Evidence was presented on the production and properties of Toxo-GIF and IFN
in the circulating blood of toxoplasma immune mice, following the intraperitoneal
injection of TLA. The IFN elaborated by this method was designated IFN-r. This
study deals mainly with some biologically active substances derived from hydrolyzed
toxoplasma immune mouse serum (HS-LKs) or hydrolyzed spleen cell cultured
lymphokines (HSpl-LKs) and their effects on parasite growth not only in homologous
but also in heterologous cells. The HS-LKs and HSpl-LKs, approximately 3,000-
5,000 m.w., strongly inhibited toxoplasma multiplication in homologous cells, without
cytotoxicity, when administered in concentration of 0.5%, or less. This substance, or
substances, also inhibited toxoplasma multiplication in heterologous monolayers of
bovine monocytes, canine monocytes and human heart cells. This ability to inhibit
toxoplasma multiplication in homologous and heterologous cells was derived not from
IFN-r, but from Toxo-GIF or aToxo-GIF-like substance.
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Table 1 Number of seasonal collection of Mansonia wuniformis and Mansonia
ochracea by Dry-ice method (1964)

Diary of Mn. uniformis Mn. ochracea
collection Female Male Female Male
May 11 0 0 0 0
May 23 44 1 0 0
Jun. 7 335 8 0 0
Jun. 20 98 41 0 0
Jul. 10 52 36 0 0
Aug. 3 64 80 0 0
Aug. 31 1395 194 0 0
Sep. 9 147 41 0 0
Oct. 3 3 4 0 0
Nov. 12 0 0 0 0
Total 2138 405 0 0
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of individuals
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Figure 1 Seasonal fluctuation of Mn. uniformis and Temperature.
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Figure 2 Seasonal variation of wing-length of Mn. uniformis.
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Figure 3 Seasonal variation of Mean wing-length of Mn. uniformis female.
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Figure 4 Observation on the durnal change of Mn. uniformis and Mn. ochrasea by First
dry-ice collection method and Temperature, Humidity.
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Figure 5 Observation on the durnal change of Mn. uniformis and Mn. ochrasea by Second
dry-ice collection and Temperature, Humidity.
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Figure 6 Differences of daily activities of adult mosquitoes in the twice col-
lection by light-trap between . Mn. uniformis and Mn. ochrasea.
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Table 2 Comparative of collection of Day time and Night time by the dry-ice

method and the Light trap

1st Dry-ice collection

Species name Sex Day time Night time Total
male 0 840 840
Mn. uniformis
female 89 1152 1241
male 0 2 2
Mn. ochracea
female 0 1 1
2nd Dry-ice collection
male 2 132 134
Mn. uniformis
female 96 2986 3082
male 0 3 3
Mn. ochracea
female 0 1 1
Ist Light trap collection
male 0 12 12
Mn. uniformis : .
female 0 29 29
male 0 6 6
Mn. ochracea
female 0 5 5
2nd Light trap collection
male 0 3 3
Mn. uniformis
female 0 17 17
male 0 25 95
Mn. ochracea
female 0 27 27
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ECOLOGICAL STUDY OF MANSONIA (MN.) UNIFORMIS
THEOBALD AND MANSONIA (CO.) OCHRACEA
THEOBALD (DIPTERA, CULICIDAE) IN
KYOTO CITY, MIDOROGA-IKE POND

Misao Iwaxki ‘
Received for publication 2 June 1982

The specimens of two species of adult mosquitoes, Mansonia (Mansonioides) uniformis and Mansonia
(Coquilletiidea) ochracea were collected by the dry-ice collection method and the light-trap collection
method at the Midoroga-ike pond which is situated in the northern part of Kyoto City from February
to November in 1964. Seasonal flight activities of Mansonia (Mn.) uniformis were seen at this pond
from the end of May to the beginning of October. Seasonal variation of wing-length of adult females
of Mansonia uniformis were observed that the wing-length is longer in spring and autumn than in summer
as well as in the case of Culex tritaeniorhynchus.

Namely it seems to be that Mansonia mosquitoes are hibernated in adult stage in their life cycle.
Mansonia uniformis is attractived to CO, strongly, while Mansonia ochracea is aggregated to the light-trap
collection method. Therefore, it is clarified that there are two different type of taxis i.e. chemotaxis for
Mansonia uniformis and phototaxis for Mansonia ochracea.

Biological Laboratory, Kyoto Women’s University
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ZEMBEINTHE, FEEEI OB LAL
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DFP THEAZZ ISt v BETHLT b
BUHEETSH 3,

FAGUNTHEBIREHNONATHBBORT
BEb M AEKBBEREE &> T 508, EEHS
B oEPO AEKBEREOSHEERS, Chie
K3BOBMFEAREEL, ME-1, ME-2, ME-3 &
AL, SRFkicih s &R0 AE KiER:
FEHEEEL72OT, FOAEHEYE, £EEY
BERTONTHET 5,

X B M H

PREEAREIES 4 7 N7 HREBOPELE
FHHEROHEMTREODAFUILSDER I,
Sephadex G-100, CM-Sephadex C-50, DEAE-

Sephacel, Polybuffer Exchanger 94 (PBE 94),
Polybuffer 74, Pharmalyte pH 3-10 {37 » v =
VT8,
(TAME), a-N-benzoyl-L-arginine ethyl ester
(BAEE), a-N-tosyl-L-argininamide (TAA), a-N-
benzoyl-L-argininamide (BAA), a-N-tosyl-L-ly-
sine methyl ester (TLME), a-N-acetyl-L-tyro-
sine ethyl ester (ATEE), bradykinin |3 #®X4&
tL *7F FHFEK, Soybean trypsin inhibitor
(SBTI type I-S), Limabean trypsin inhibitor
(LBTI type II-L), B89 trypsin inhibitor (EWTI
type 1II-O), p-tosyl-L-phenylalanine chlorome-

a-N-tosyl-L-arginine methyl ester

thyl ketone (TPCK), benzamidine, p-chlorome-
rcuribenzoate (PCMB), diisopropyl fluoropho-
sphate (DFP) {3 7" =%, trasylol ¥4 =
VFERSHIOBA L, ZOMOREIREE
B,

£ R H & _
TILF=ZV T XFILIKEEHE Roberts (1958)
DFEicER L, BEE LT TAME 207z,
BLBEEOHE 0.1m,0.4M + Y RIEBREBER
(pH8.5)0.8m/, 0.1 M #E# 0.1m/ %EHL,
37°C, 154 RIS, 2MiE#e Faf vy 3
Y& 3 5MKEREF P ) Vv AOEERK 1ml 2
MARS% k%, 20504 6 % TCA (4N HCDO.5
ml, 0.11 M FeCl; (0.04N HCl) 2m! TBHELT
W% TAME %2363+, 500nm ORIEE 4 H
EUTe, EHOBALII 1 4Mic 1 xmol ORE %

BBREEEHL T 468 ZHWETRKARKEAE A\FHED 15
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KRBT BTEME 1 BALE Ui,

= kEEM  Erspamer 5 (1962) @ FHEIC
®BPWU, WMBZR P74 -0 % BEMAICE
HLTBOWAET v P LD FE4 KL, De
Jalon #EHC 28°C it BT Z DINKEATE L7z,
FEEELEUTERFMU & 5% 60°C, 30508 H#, #
BE 107*M 2725 X 9 iT o-phenanthroline %
miteborERN, Z200.1ml (XEEE LT
BAAFE), EMBEEOREK0.1ml % 37°C,3
SERIGH#, 100°C K& LT Ric%E IEDZ 0D
0.1m! ZRNWTHES v P FEOIHEEZAE LT,
EHOBAIIS S H UHERK bradykinin ZH
TEMUTBW I HEEdiR (0.5.8 5 1.5u8
FTRESEEZRLUL) L0 Hil(ue) Z2Rdl,

EMMESZBMETCEER Miles (1955) R
ICHI LTz, 2-2.5kg DRBRARN) 7 L RE
HTHEE, Fvr7Hznd24RMgz Nr27
N—D20mg % 2ml OLEBEEKICEILZD
DEHIRMICES %, ARK0.1ml ZRMICHE
gLtz 1R, =—FrickOBL, HWE
BELOF7ARCEEL, BERLSZOFRH
OHEERHE Lz, 10mm 22 2 HERERED
Shlcd D2 BMMEERETEEREET S b
D EHE LI,

HMmEE <~ v 2AWRGELBEORBRER
TEstL, 4EEMEKgIcz—FrTEOBLUTHE
ZREEY, BdoHMOFEELBELI,

HIEEHE HABBORER (LDs O 4f4E,
# 280 pg/mouse) E= v AEEICHE L, 24K
HOEFREBREL I,

Proteinase ;£ Lin & (1969) dDFiEIC &
» 38U L7 dimethylcasein %0. 1% EE iCL 5 &
9 0.01 M v EigdK (pH 9.0) izl ch
AHBKEST D, HEE 1ml LieEIR (50 pg/
ml) 0.1ml % 37°C TRIES 4, 205 5 0.2ml
ZEDHU, 100°C, 34 HME L TRIGEIED 5,
/&K 0.3ml, 0.2M & v BZEE®K (pH 10.15) 0.5
mlL1.1M ) = b aXy¥ RV F CBIKER
0.2m/ % MZ 10 HHERKE 3 5, 1.5mM
Na,CO; 44 0.2 M NaH,PO, (pH 6.87) 5ml %

jJ[lZ:: 420 nm lCﬁUB%’(ﬁ'ﬁﬁ%?ﬂUﬁbf:o E'EE

DBEAMIZ 1%z 420nm O 1 A25RT
EWES 1 BAr & Uiz, © DM, Phosphomonoes-
terase, Phosphodiesterase, 5’-Nucreotidase,
ATPase, Casein KEEMIZE 18 (1972) <T#H
EHELBYTH S,

7 2

TIAF = T RFTIIVIKEEESR ME-4 D58
Sephadex G-100 7L AiE ¥ FHE 2140mg %
0.15M NaCl &4 0.005M ) = EEEEE K
(pH 8.5 8ml B L, FEHPEERELERE
%, FEEK CEHEIL L7 Sephadex G-100 T
FrurBEFT -, EED 2 %7 B3 280nm
OB THIE Uiz, £DkEHR, Fig. 1 WRT &S
B s —rBBohi, £ -7 EBEHIFAK
pl, p2, p3, p4, p5 £ 9% & AE KIBEH T p4
THLNIDT, TOEFICONTHEEERAS T,
CM-Sephadex C-50 A2 M5 7 14—
Sephadex G-100 C# 507z p4 B4 % 0.01
M E:EgF + ) v 2 ig#K (pH 6.0) TEITE,
CM-Sephadex C-50 ckE X, HELELS%
B U721, NaCl &% 0.5M ¥ TEHRNICE
A3EL A, Fig. 2 ILRgT2—UE S50
720 COBMET AE KFEBERIE pl & p6 D 2D
KaBPNTHEBLTEY, pldPoiE §TK
ME-1 (25, 1980), ME-2 (F5, 1981)
DBEBEIN TS, £ p6 5T TIK ME-3
(RZES, 1982) MEEEIhTHEH, it
ME4 $BELTN 3, 40T ME-3 D&tx&
R4k p6 Eisr 249 0.01 M NaCl €4 0.01 M |
) = EBEER (pH 7.2) TERZIT - 7o
DEAE-Sephacel YA M/ 57 4 — EL
74 % DEAE-Sephacel [t #& 3+, @D HE
DESMUE, REBES 0.3M I THEHRH
IC bR XL A, Fig. 3 ItRT 9% — v H318
Sl AE KRBTGS pl, p3, p4 ICRD S,
AENIIRBEHS180-190 (p3) A4 25mM 4
IFY - VIEBRBER (PH 7.4) TERET -7
Chromatofocusing E#T L 7z Ei4% PBE 94
Ick#& X+, Polybuffer 74 (pH 5.0) TiEH U7
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Figure 1 Gel Filtration of the Venom of Trimeresurus mucrosquamatus on a
Column of Sephadex G-100.

Trimeresurus mucrosquamatus venom (total protein 2140 mg, TAME hydrolytic
activity: 51.7 units/mg) was applied to a column (5.0x 100 cm) of Sephadex
G-100 equilibrated with 0.005 M Tris-HCl buffer containing 0.15 M NaCl,
pH 8.5 and 3-m! fractions were collected at a flow rate of 12 mi/hr.

® —@: absorbance at 280 nm,  ——-——-- : TAME hydrolytic activity.
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Figure 2 CM-Sephadex C-50 Column Chromatography

The TAME hydrolase fraction (total protein 1124.7 mg, TAME hydrolytic activity:
75.5 units/mg) in tubes 90-115 (indicated with black bar in Fig. 1) was applied to a column
(1.9% 45 cm) of CM-Sephadex C-50 equilibrated with 0.01 M acetate buffer, pH 6.0. The
column was eluted with a linear gradient from 0-0.5 M NaCl in 800 m/ total volume. 3-m!
fractions were collected. The flow rate was 15 ml/hr,

® —@: absorbance at 280 nm, ~ -—---—- ; TAME hydrolytic activity,
————— ; Conductivity.
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Figure 3 DEAE-Sephacel Column Chromatography

The TAME hydrolase fraction (total protein 65.0 mg, TAME hydrolytic
activity: 89.9 units/mg) in tubes 196-208 (indicated with black bar in Fig. 2)
was applied to a column (1.5x48 cm) of DEAE-Sephacel equilibrated
with 0.01 M Tris-HCI buffer containing 0.01 M NaCl, pH 7.2. The column
was eluted with a linear gradient from 0.01 M~0.3 M NaCl in 800 m! total
volume. 3-m! fractions were collected. The flow rate was 15 m//hr.

®—@: absorbance at 280 nm, ----- : TAME hydrolytic activity,
————— :  Conductivity.

TEME hydrolytic activity(AEsoo)

Absorbance at 280nm

50 100 150

Tube number
Figure 4 Chromatofocusing

The TAME hydrolase fraction (total protein 17.8 mg, TAME hydrolytic
activity: 92.0 units/mg) in tubes 180~190 (indicated with black bar in Fig. 3)
was applied to a column (1.0x43 cm) of PBE 94 equilibrated with 25 mM
Imidazole buffer, pH 7.4. The column was eluted with polybuffer 74, pH 5.0.
3-ml fractions were collected. The flow rate was 14 mi/hr.

@®——@: absorbance at 280 nm, ------1: TAME hydrolytic activity,
————— : pH.
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Figure 6 Isoelectric Focusing of ME—4
@®—@: absorbance at 280 nm,
—————— TAME hydrolytic activity

Isoelectric focusing with carrier ampholyte
covering the pH range 3-10 was conducted
in a column of 110 m/ capacity for 24 hr at
4°C, 1.2 mg of ME—4 was put in the center
of the column. 2-m/!fractions were collected.

i o 1

ME-4 (5.0 pg) 2 XREABLV =T RAKTIC
BEREL, 4RE%ICT —FVRBHC K ORL, K
ZROTKEORMI D HMMOFREHEL 72
2, HLERIEDShEh -7,

HELRRERORERFETHEXULEEREH
DEES

Table I 3% & ZEBHITE T 5 SR RE
HEBLICEBEEEZAELDDTH D, HBIE
micid AE KBEH: & B E ST AR,
F = VEREESEE VBT OMOER IR D
SN - T,

Table I1 3 &RHBRICET 5 AE KFEERE
DEEER LIS DTH 5, ME-4 D AE KIEiE
i3 152.5units/mg T, FHOD 51.7 units/mg
CHA2.9f% & ER LTS, UL LRI 4%
THh-7,
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Figure 5 Disc Electrophoresis of ME—4

Disc electrophoresis was performed 7.59, polyacrylamide gels (0.5x9.0 cm, 2 mA, 4°C).
The running buffer for ME-4 was 50 mM Tris-glycine (pH 8.3). The gel was stained with
0.059%, coomassie brilliant blue R 250 for protein.

Saline

Figure 7 Patterns of Capillaly Permeability-Increasing Activity observed from the
Inside of the skin ‘
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Table I Various Enzymatic and Physiological Activities of Crude

Venom and ME-4

Enzymatic activities Crude venom ME-+4
TAME hydrolase 42 +
Proteinase + —b
Phosphomonoesterase + —
Phosphodiesterase + -
5’-Nucleotidase —+ —
ATPase + —

Physiological activities
Kinin-releasing + -+
Capillary Permeability-increasing + +
Hemorrhagic -+ —
Lethal + —

a) Presence of activity is indicated by +.

b) Absence of activity is indicated by —.

Table II Summary of the Purification of ME—4

TAME hydrolytic activity

Step Protein Units/mg Total Relative Yield
(mg) activity activity (%)
Crude venom 2140.0 51.7 110638 1.0 100

Sephadex

G100 1124.7 75.5 84915 1.5 76.8

CM-
Sephadex 65.0 89.9 5844 1.7 5.3
DEAE-

Sephacel 17.8 92.0 1638 1.8 1.5

thm“}ato' 10.1 152.5 1540 2.9 1.4
ocusing

EEBREME BREH

SEHEE T 5 ME-4 OKRBERZE RITL
7-458, TAME (152.5units/mg), BAEE (71.4
units/mg) Dk 5 BESFERT VEF =V TR T
NEKBLUI, L LY Y vz 7 v (TLME), 7
vy vz RFN(ATEE), T ¥ =7 1 F (BAA,
TAA) BLXURRBHTEETHHIEAVH5
WY A FNE AL VTR BKBEEIRD S
hishhot, ZOLHTHELY ME-4 IME-],
ME-2, ME-3 tRKE BERREEETHL
LMD ONI,

BRERE 0.4M ) < EEBEEK (pHS.5)
Hi¢ 37°C, 45°C, 55°C, 60°C, 70°C, 80°C, 90°C,
95°C D &R T204 R B, AE KRG Z R
EL,37°CTOFEkE B LT, 70°C T 55%,
80°C T 37%, 90°C T 7%, 95C T 3% O
BiEEERL, ABE#EDS ME-1, ME-2, ME-3&
Rk, #ickt U THBRNRESBRRATHLEH
A LN,

pH TEH

Bk 2K K TENTH, Britton-Robinson



214

#% 787 (Britton, Robinson, 1931) pH 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13 iThnz 4°C, 24B:RQ{5 8%,
TAME EHORERHTH S pHS8.5 & LT AE
KIBEREEZBEL, ROEEOEP -7 pH 7.0
TOEREHBELTZOEAE2EH U, pH 4-

12 TIOBU EOERERL, RILY pH TRE
Thoto TDETH ME-1, ME-2, ME-3 &0
BTSN,

BOEHSIUVERAR

B#BRICO W T TR Y i EE (Roe,
1955 itk h Fva—2 D BEBE N S KD
ME-4 @ BEBRI FSra—Ric B LT 13.0
pg/mg TH -7,

BEAFAICKZIE

&R 3pug CEBHEEZEREN v 3 NI
RUCRBBEICIEEESICERAL, 37°C, 154/
RiE% AE KBIEEEHE U EER, Hg~r X
7 3 ¥ v (10 mM), DFP (10 mM), TPCK (50 mM)
IC & - T EX N, Trasylol (100 unit), SBTI
(0.2%), LBTI (0.2%), EWTI (0.2%), Heparin
(0.2%), Cysteine (10 mM), EDTA (10 mM),
PCMB (0.1 mM), Iodo acetic acid (10mM) ic
Ko TRMOBBERFIE D T,

Km XU Ki DAIFE

Fig. 8,9, 10 {3 Lineweaver-Burk (1934) 7
2y bEAERLUEDL S Km,Ki 2RO 7582 T
H5.Km 3FEEH & LT TAME (1.25x107* M —
20x107°* M) 22, Z DR, Km (325.0%

201

-1

1/v{(uymol.min)
[
(=]
1

— i i | 1
-1 1 2 4 -2 8
/s x 10 "™

Figure 8 Lineweaver-Burk Plots for Hydro-

lysis of TAME by ME—4

absence of benzamidine,

OoO—-0:

@ ——@: presence of benzamidine (1 mM).
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Figure 9 Lineweaver-Burk Plots for Hydro-
lysis of TAME by ME—4

O——20:

o—@o:

absence of DFP,
presence of DFP (10 mM).

30¢

1/v(ymol.min) -1

1/¢ x 1072M

Figure 10 Lineweaver-Burk Plots for Hydro-
lysis of TAME by ME—4

O——0: absence of TPCK,
®—@®: presence of TPCK (1.7 mM).

107°M LHIERI NI, Ki BNy T7IY

(1mM), DFP (10 mM), TPCK (1.7 mM) % [ &
KERH 3pg & 37°C, I5SHBRE L OAR

FBEEL, EHE LT TAME 2B THIE LT,
ZDWER, BB VXTIV VEROEBARE

Pt A= T £ DKi i3 0.63 1073 M, DFP, TPCK
EROICGERIEENEAETZOKI 134.44%

107 M, 0.57x103* M & BIE S iz,
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Property ME-1# ME-29 ME-3¢ ME-4
Molecular weight 27,000 29,800 33,000 28,500
Isoelectric point 5.95 5.62 6.93 5.31
Heat stability Stable Stable Stable Stable
pH stability Wide range Wide range Wide range Wide range
Hexoses (ug/mg) 3.8 2.0 63.9 13.0
Inhibition by Benzamidine +e -+ + +
Inhibition by DFP —10 — + + .
Inhibition by TPCK ~ — + +
Substrate specificity High High High High
Km (TAME) 40 X100*M 43 x100*M 7.8 x10*M 25.0x10*M
Ki (benzamidine) 029x10*M 0.19x10*M 0.67x10*M 0.63x10*M
Ki (DFP) — — 366x107*M 4.44x10* M
Ki (TPCK) — — 043x10*M 0.57x10*M
C.P. 19 + + + +
Kinin-releasing (pg/mg/3 min) — 12.7 - 131
Clotting — — — —

a) cited from Yakugaku Zasshi, 100, 1035 (1980).

101, 153 (1981).
permeability-increasing activity.
of activity is indicated by —.

£ £

ChETIEETO AE KBEEICONWTRE
COMBHICE > TREBITOO T3, FEEDS
B HTH AEKBEHOR OB EZ AT AT
BICERL, TOHEER, EBFENEMREZHS
PICT B DBBEBRET > T3, FHEITIES
BEO AEKBREERFELTED, 055D
3EBREFEHESLTEL->TITIREEBREIN, B
Mg EBHTTEERAEAETS ME-1 & £l
EEEWITHEER & ¥ = BEERE HELD
ME-2, 3 51 BMMEZBUTEERE A3 5
ME-3 T&% %, 46, 4%BH®D AEKEBRZEEL
TMEA4 %57 427 BXHKE, SDS ¥+ A7 &
KkE, FBEHSET B RBTHEEL
ME-4 3 EMIME ZBMETEMER & + =~ HHkE
RM#%& LT, ME-4 % ME-1, ME-2, ME-3
EHBEL =DM Table Il TH 3B, WFhdbHF
830,0005 £ DM #ME, WEL pH B TRE I

c) cited from Yakugaku Zasshi, 102, 560 (1982).
e) Presence of activity is indicated by 4.

b) cited from Yakugaku Zasshi,
d) capillary
f) Absence

BRI THB, LPLIZD4EFEIZ DFP TH
£EZF0,y ME-1, ME-2 & DFP TCHE%:S
75 ME-3, ME-4 O 22icshht, ok
KEENT 5 AE kBB # 139~ T DFP THH
EBEITE L) VERETHY, Z0 H ME-3,
ME-4 OFB—BHTHBEEL LD, LHLA
LERIRCDESIL2DDE 4 B LM &
BBICHERENCETH B, TNETEZAT VN
785 5Bl S N AR KBRER 3V h b B
MEBBUETEMERZE LTz ME-4 b F
BThote UL ME4 B335IT %= Vi
fERbBEb-THD, TOHIT ME2 &M
LT3,

D ME-4 Olichlich, BHEETH-
7l EREMRTFONMTH -1, HEIn< b
7774 —THB—Y-7,iEy, F4RIBLAIK
BTH BEAEBE -V FEEDONRS LS IT
-Thd, HME®ESEEN T, £hig ME-
4 3HMER%EbE TS AE KREZETH A5 D
EHEBIIN, Ju=tb7xr—nvrSicks
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ENZYMOCHEMICAL STUDIES ON SNAKE VENOMS. XI.
PURIFICATION AND PROPERTIES OF ARGININE
ESTER HYDROLASE (ME-4) IN THE VENOM
OF TRIMERESURUS MUCROSQUAMATUS

Hisayvosur Suciaara, Reiko Kito, Tosuiakr Nikar AND Em1 Sakar
Received for publication July 9 1982

One of the arginine ester hydrolases (TAME hydrolases) of Trimeresurus mucrosquamatus venom was
isolated by a combination of gel filtration on Sephadex G-100, ion exchange chromatographies on
CM-Sephadex C-50, DEAE-Sephacel and chromatofocusing on PBE 94. From 2 g of the venom
10.1 mg of purified TAME hydrolase, ME—4 was obtained. The substrate specificity of ME-4 was
strictly directed to the hydrolysis of arginine ester. The esterolytic activity was inhibited by benza-
midine, p-tosyl-L-phenylalanine chloromethyl keton (TPCK) or diisopropyl fluorophosphate (DFP).

ME—4 was proved to be homogeneous by electrophoresis on polyacrylamide gel and isoelectric
focusing. The molecular weight was found to be about 28,500. Its isoelectric point was 5.31. This
enzyme was a glycoprotein. The esterolytic activity of the final preparation was 152.5 units/mg (sub-
strate; TAME). This enzyme had capillary permeability-increasing and kinin-releasing activities,
but not clotting activity. This protein was stable to heat treatment, and between pH 4 and 12. Its
Michaelis constant (Km) for TAME and inhibition constants (Ki) for benzamidine, DFP and TPCK
were found to be 25.0 X 107* M, 0.63 x 10* M, 4.44x 107 M and 0.57 x 10~% M, respectively.

Faculty of Pharmacy, Meijo University
15 Yagotourayama Tenpaku-cho, Tenpaku-ku, Nagoya T 468
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Figure 5 The survival ratio of adult female and male O. moubata at 27°C.
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LIFE CYCLE OF AFRICAN TICKS, ORNITHODOROS MOUBAT A
AS A VECTOR OF FILARIAE DIPETALONEMA VITEAE
AT THE CONDITION OF CONTINUOUS LIGHT
AND CONTINUOUS DARKNESS

Fujio Mizuno*, Sapao Nocami**, MasaHIDE MARUHASHT*
AND TAkEO MATSUMURA*

Received for publication: July 27, 1982

Life cycle of African ticks, Ornithodoros moubata as a vector of Dipetalonema viteae were studied on
1) blood sucking time, 2) rate of body weight change, 3) production of eggs, 4) rate of sex after
blood suck and 5) rate of hatching time under the condition of continuous light and continuous
darkness, and 14 hours light and 10 hours darkness at different temperatures (21°C, 27°C, 32°C and
36°C).

As the result, the different condition of light shows no effect upon the life of 0. moubata, while the
suitable temperature of 0. moubata for long life is between 27°C and 32°C and for the longest one, 21°C.

* Department of Medical Zoology, Kobe University School of Medicine, Kobe, Hyogo 650, Japan
** Department of Parasitology, Institute of Medical Science, University of Tokyo, Minato-ku, Tokyo

108, Japan
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COMPARISON OF PHYSIOLOGICAL RESPONSES TO HEAT
BETWEEN SUBTROPICAL AND TEMPERATE NATIVES

SEIKI HORI HEIKICHIRO IHZUKA AND MASASHI NAKAMURA g
3
Received fOI‘ publication Iuly 2 ; 1982

Abstract: Anthropometric measurements, measurements of skin temperatures and
rectal temperature at 30°C and measurements of physiological responses to heat were made
on 30 young male residents of Okinawa who were born and raised in Okinawa (Group O)
and 30 young male residents of Okinawa who were born and raised in main islands of Japan
but move to Okinawa less than two years (Group M) in summer. Sweating reaction was
examined for 60 min by immersing both legs in stirred water bath of 42°C in room of 30°C
and 70 R. H. Group O showed thinner skinfold thickness, slender body shape, higher
skin temperature at 30°C, smaller sweat volume with lower Na concentration in sweat,
less rise in core temperature, and less increase in heart rate during heat exposure than
group M. It is assumed that group O might have superior capacity for nonevaporative
heat dissipation and better efficiency of sweating for cooling the body that group M. Itis
concluded that the acclimatization to heat of subjects in group O, subtropical natives, had
advanced further than those in group M, immigrants of temperate natives to subtropical
zone, and heat tolerance of the former is superior to that of the latter.

INTRODUCTION

Body temperature of men is maintained within a narrow range in spite of a wide
change in environmental temperature by regulating both heat dissipation and
metabolic heat production. It is well known that changes in circulatory function
and sweating are the main physiological responses to heat exposure and relative
importance of heat dissipation by evaporation of sweat increases as the ambient
temperature rises (Robinson, 1949; Belding and Hertig, 1962). Heat dissipation
from the skin is in proportion to the body surface area while the metabolic heat
produced in the body is rather in proportion to the body weight when body weight
is displaced as in the case of walking. Therefore, greater ratio of body surface area
to body weight is favorable to regulation of body temperature in heat when the skin
temperature is higher than ambient temperature (Coon et al.,, 1950). The sub-
cutaneous fat prevents heat transfer from the core to the shell and thinner subcutaneous
fat layer is favorable to heat dissipation (Burton and Bazett, 1936). When unac-
climatized individuals are repeatedly exposed to heat, physiological responses to
heat are changed and heat acclimatization occurs (Eichna et al., 1950; Senay, 1972).
In short-term heat acclimatization, a marked lessening of crdiovascular strain ac-
companied with increase in body fluid, less rise in core temperature due to an earlier

* Department of Physiology, Hyogo College of Medicine, Nishinomiya, Japan. ** Department
of Hygiene, Nagasaki University, School of Medicine, Nagasaki, Japan. ** Deceased.
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onset of sweating and more profuse sweating with lower salt concentration at a given
sweating rate are observed (Adolph, 1946; Williams et al., 1967). In long-term heat
acclimatization, physical characteristics are changed so as to favor heat dissipation,
rise in core temperature, sweat volume and salt concentration decrease when exposed
to the same heat load (Dill et al., 1938; Christensen, 1946). These adaptive changes
in physiological responses to heat and physical characteristics are favorable to tolerate
heat stress (Hori, 1978). Okinawa, subtropical zone, has hot and long summers
and temperate winters, whereas the main islands of Japan have neither long summer
nor long cold winter. Thus, residents of Okinawa are more acclimatized to heat
than residents in the main islands of Japan. We then attempted to compare phy-
siological responses to heat and physical characteristics of residents of Okinawa who
were born and raised in Okinawa with those of residents of Okinawa who were born
and raised in the main islands of Japan in order to elucidate the different
characteristics of acclimatization of men between short-term heat acclimatization and
long-term heat acclimatization.

MATERIALS AND METHODS

Thirty young male residents of Okinawa who were born and raised in Okinawa
(Group O) and 30 young male residents of Okinawa who were born and raised in
one of the main islands of Japan but moved to Okinawa in less than 2 years (Group M)
were selected as subjects. Experiments were performed in summer. The subjects
were instructed to fast and rest for at least 2 hours prior to the experiment in order
to minimize any effects of specific dynamic action and exercise on body temperature.
After staying at rest in a climatic chamber maintained at 30°C of Ta with about 70%,
R. H., rectal temperatures and skin temperatures of subjects, dressed in shorts only,
were measured, then the subjects sitting at rest immersed their legs up to the knees
into a stirred water bath of 42°C for 60 min. Cutaneous sites for measurement of
skin temperatures are forehead, chest, back, forearm, hand, calf and foot (Hori et al.,
1977). Rectal temperature was recorded continuously by a copper-constantan
thermocouple throughout the experiment and local skin temperatures were measured
with pyrometer. Body weight was measured before and immediately after heat
exposure, using a platform balance with an accuracy of +5 g and net body weight
was obtained by subtracting the weight of shorts. The local sweat rate of the chest
and back was measured successively at 15 min intervals by the filter paper method
(Ohara, 1966). Na in sweat was eluted from the filter paper with distilled water
and its concentration was determined by flame photometry. The average value of
mean Na concentration of sweat on the chest and back, and body weight loss without
correction of body weight loss through respiration were used in calculation of the
total salt loss. The skinfold thickness was measured with a caliper 2 sec after a
pressure of 10 g/mm? of the caliper jaw surface was applied to the skin at the following
sites.

Upper arm: halfway between the shoulder and the elbow over the biceps

muscle.

Subscapular: below the tip of the scapula.
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C=
Where:

Chest: at the juxta nipple.
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Abdomen: adjacent to the umbilicus and also along the midaxillary line at
the umbilicus level.
Waist: between the ribs and iliac crest at the lateral part of waist.

Thigh: half down, over the rectus femoris muscle.
Body surface area was calculated by the following formula of Takahira:
S=0.007246 X W0.425 5 H0.725

S=Body surface area in sq meters
W=Body weight in kg
H=Height in cm

1= /AT TBF-C
B
T VAZT4C?
AW
0.07xW
_ dTre
~ 40.6—Tre
45
0.75xW
W=Body weight before the experiment (kg)
AW =Weight loss at the end of heat exposure (kg)
Tre=Rectal temperature before the experiment (°C)

dTre=Rise in rectal temperature at the end of heat exposure (°C)

The numerical heat tolerance indices and their components were calculated as
follows (Hori et al., 1974):

4S=RSalt loss estimated from mean Na concentration in sweat and body

weight loss (g)

REsurTs

1. Anthropometrical measurements

Table I Characteristics of subjects (X+S. D.)

Mean values and standard deviations for age, height, body weight and body

surface area of groups O and M are shown in Table 1. The mean values of height

* Group Number Age Height Weight B. S. A, D. R.
(yr) (cm) (kg) (m?) (month)
@) 30 22.84-2.0 166.24+4.5 57.74-6.0 1.6540.10 —
M 30 23.14-1.6 168.74-3.7 62.5+£5.7 1.7240.09 13.1+3.9
O: Residents of Okinawa who were born and raised in Okinawa.
M: Residents of Okinawa who were born and raised in the main islands of Japan.

=]

. S. A.: Body surface area.
. R.: Duration of residence.

=)
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and body weight for group O were smaller than those for group M though these
differences were not statistically significant. The ratio of body surface area in m?
to body weight in kg for group O (0.0286) was considerably greater than that for
group M (0.0275). Thus it can be said that subjects in group O have more favorable
body shape for heat dissipation when compared with those in group M. The mean
values and standard deviations of regional skinfold thickness are shown in Table 2.

Table 2 Skinfold thickness (X4+8S. D.)

Group Upper arm  Subscapular Chest Abdomen Waist Thigh
(mm) (mm) (mm) (mm) (mm) (mm)

O 59416 78+1.4 6.7+1.8 7.54-2.0%* 6.6+ 1.5%*% 6.641.7%*
M 7.04-2.6 84428 7.54-2.3 9.6+3.1 8.1+2.4 8.442.5

O, M: The same as in Table 1.

** Significant differences between two groups at 19, level.

All the mean values of regional skinfold thickness for group O were smaller than
those for group M. Among these differences, there were significant differences in
mean values of skinfold thickness of abdomen, waist and thigh. The mean value of
skinfold thickness in the extremity in comparison with that in the trunk was smaller
in group O than in group M.

2. Rectal temperature and skin temperatures

The mean values and standard deviation of rectal temperature and skin temper-
atures at 30°C before sweat test are shown in Table 3. The mean values of rectal

Table 3 Rectal temperature and skin temperatures at 30°C (X£S8.D.)

Group Tre Forehead Chest Back Forearm Hand Calf Foot

O 37440.2 35.64+0.5*% 34.441.0 348409 353408 354+0.8 34.940.6 34.6+1.0
M 374403 35.340.6 34.1+08 34.440.7 35.040.6 35.040.8 34.74-0.6 34.440.9

O, M: The same as in Table 1.
* Significant difference between two groups at 5%, level.

temperature in both groups were identical. All the mean values of skin temperature
for group O were greater than those for group M. Among these differences, the
mean value of skin temperature on the forehead for group O was significantly greater
than that for group M.

3. Phjsiolagical responses to heat exposure

The mean values and standard deviations of body weight loss, mean Na con-
centration in sweat, rise in rectal temperature and increase in heart rate were shown
in Table 4. The mean values of body weight loss and Na concentration in sweat
for group O were significantly smaller than those for group M. The mean values
of rise in rectal temperature and increase in heart rate at the end of the experiment
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Table 4 Body weight loss, mean Na concentration in sweat, rise in rectal temperature
and increase in heart rate (X4S. D.)

Group AW C 4T 4P
(kg) (mEq/L) (°C) (beats/min)
O 0.394+0.11%* 34.3411.0% 0.414-0.13 13.4+6.4
M 0.464-0.13 40.04-11.8 0.4440.14 15.0+-6.6

O, M: The same as in Table 1.

AW: Body weight loss.

C: Mean Na concentration in sweat.

4T: Rise in rectal temperature.

4P: Increase in heart rate.

* Significant differences between two groups at 59, level.

for group O were considerably smaller than those for group M. These results
indicate that the magnitude of physiological responses induced by heat exposure as
a whole was smaller in group O than in group M.

4.  Heat tolerance indices and their components

The mean values and their standard deviations of heat tolerance indices and their
components calculated using data obtained in the present experiment were shown
in Table 5. The mean values of index I and components A, B and C for group O

Table 5 Relative water loss, relative rise in core temperature, relative salt loss and heat
tolerance indices (X4£S. D.)

Group A B - C I S

O 0.0974+0.024 0.1284-0.035 0.01940.004** 0.1584-0.031% 1.30:&0.56'
M 0.1054+0.028 0.1384-0.029 0.023-+0.004 0.1754-0.025 1.28+0.40

O, M: The same as in Table 1.

A: Relative water loss.

B: Relative rise in core temperature.
C: Relative salt loss.

I: Heat tolerance index.
'S I
T VARTLCE
* Significant differences between two groups at 5%, level.
** at 19 level.

were smaller than those for group M while mean value of index S for group O was
slightly greater than that for group M. There were significant differences in the
values of index I and component C between two groups. Thus it can be said phy-
siological strain induced by the same heat load for group O was smaller than that

for group M.
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DiscussioN

It is known that heat acclimatization appears not only in physiological function
concerning regulation of body temperature but also in physical characteristics i.e.
body shape and body composition (Coon et al., 1950; Prosser, 1964). As shown in
Table 1 and 2, the ratio of body surface area to body weight for group O was greater
than that for group M and the mean value of skinfold thickness for group O was
smaller than that for group M. It is known that a rise in ambient temperature
results in a decrease in the caloric intake and subcutaneous fat might decrease
by lower caloric intake (Johnson and Kark, 1947). Deposit of subcutaneous fat
prevent heat transfer between the body and environment due to its lower thermal
conductance (Burton and Bazett, 1936). Heat dissipation increases as the body
surface area becomes larger and metabolic heat produced in the body is proportional
to the body weight during movements of the body as in walking. Thus, it may
be assumed that physical characteristics of individuals in group O result from
long-term adaptation to hot climate and are favorable to body temperature regula-
tion. As shown in Table 3, all the skin temperatures measured for group O were
higher than those for group M. These results showed subjects in group O had
higher mean skin temperature than those in group M. Body heat is dissipated by
radiation, convection and the evaporation of water and heat dissipation by both
radiation and convection is proportional to the temperature gradient between skin
surface and air. Since sweating did not occur or sweating rate was very low at 30°C
before dipping the legs of subjects into hot water bath, heat dissipation for group O
was greater than that for group M. These results indicate that the ability of heat
dissipation without sweating for group O was superior to that for group M. The
mean values of rectal temperature before sweating in both groups were identical and
the temperature gradient between core and shell was smaller in group O than in
group M. Since the value of temperature gradient between core and shell at rest is
approximately inversely proportional to the coeflicient of heat conductance of the body,
subjects in group O had higher heat conductance of the body and superior capacity
of heat transfer from the core to the periphery than those in group M. Many inve-
stigators reported that the blood volume increased as a result of heat acclimatization
(Bass and Henschell, 1956; Senay, 1972). Consequently higher skin temperature and
higher heat conductance of the body for group O might be due to an increase in blood
volume with an improvement of the skin circulation as well as thinner subcutaneous
fat layer induced by long-term heat acclimatization. As shown in Table 4, sweat
volume and salt concentration in sweat for group O were significantly smaller than
those for group O. As already reported by many investigators, the subjects sweat
more readily and profusely while the salt concentration in sweat at a given sweat
rate decreases after repeated heat exposures (Dill et al., 1938; Adolph, 1946). On the
other hand, both sweat volume and salt concentration in sweat decrease during
exposure to a hot environment after long-term heat acclimatization (Christensen,
1946). It may thus be concluded that characteristics of sweating response of subjects
in group O reflect long-term heat acclimatization of subtropical natives. As shown
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in Table 4, rise in rectal temperature and increase in heart rate during heat exposure
were smaller in group O than in group M. These results are in good agreement with
other reports concerning heat acclimatization (Adolph, 1946; Robinson et al., 1943;
Bass, 1963). Evaporation of sweat from the skin is dependent on the degree of
wetness of the skin and the difference in vapor pressure between on the skin surface
and that in the surrounding air. The increase of sweat represents only wasted sweat
for heat dissipation after wetness of the overall skin has taken place and a higher
concentration of salt in sweat decreases the difference in vapor pressure between the
skin surface and the surrounding air. A smaller volume of sweat with a lower salt
concentration in sweat in group O suggests that the efficiency of sweat for cooling
the body in subjects in group O was better than that in group M. Therefore, the
better efficiency of sweat for cooling the body and superior capacity of nonevaporative
heat dissipation of subjects in group O might be one season for the less rise in core
temperature in spite of smaller sweat volume. Since core temperature is the dominant
factor in determining heart rate at rest, less rise in heart rate for group O might be
due to less rise in rectal temperature for group O. Heat tolerance of group O was
compared with that of group M by numerical heat tolerance indices. As shown in
Table 5, the mean value of index I for group O was significantly smaller than that
for group M. Since the value of index I represents the magnitude of strain induced
in the body, smaller value of index I indicates superior heat tolerance. ~Accordingly,
heat tolerance of subjects in group O was superior to that of subjects in group M
when heat tolerance was assessed by numerical heat tolerance index. The value of
index S represents the ratio of relative rise in core temperature to relative water loss
and relative salt loss and the parameter “a” represents the magnitude of strain in terms
of water-electrolyte metabolism (Hori et al., 1974). Figure 1 represents I versus S
plot for groups O and M. In this figure, iso-sweating lines are drawn by connecting

I a=0115 2=0105
o}
a=0100
o}
2=0095
o
a=0090
] 12 13 % 15 S

Figure 1 Relationship between indices I and 8.
O. M: The same as in Table 1.
Isosweating lines were drawn with their values of parameter.
Circles; Drawn around the means with radiuses of standard errors



236

the pomts of the same value of parameter “‘a”, A ( > (Hori et al., 1974).

It is obv1ous from the figure the circle drawn around the means with radiuses of
standard errors for group O is located in the lower region when compared with that
for group M, i.e. the value of “a” for group O was smaller than that for group M.

The smaller value of “‘a” with smaller value of index I for group O indicates that
subjects in group O had better efficiency of sweat for cooling the body than those in
group M From these results, it may be concluded that subtropical natives, subjects
in group O, had superior heat dissipating capacity without sweating, better efficiency
of sweat for heat dissipation and superior heat tolerance when compared with tem-
perate natives, subjects in group M.
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Summary: The biting activity of four zoophilic species of Simulium was examined in
an area endemic for human onchocerciasis in Guatemala, using bovine baits. The surveys
were performed at three sites within San Vicente Pacaya county (SVP) from daylight until
nightfall of two days in January 1979. A total of 8,203 blackflies were collected from the
baits throughout the collections. Of these flies, 6,531 (79.6%) were Simulium metallicum
s. 1.3 977 (11.9%), S. pulverulentum; 654 (8.0%,), S. callidum; and 41 (0.5%), S. rubicundulum.
Biting activity of S. metallicum s. 1. peaked between 0800 to 0900 hours and a second peak
was noted between 1500 to 1600 hours. S. callidum also exhibited two peaks, one in the
morning and the other, more pronounced, in the late afternoon, immediately before the
night-fall. The remaining two species, S. pulverulentum and S. rubicundulum were mainly
mid-morning attackers of cattle. Thus, the rate of species composition was presumed
to differ within a day.

INTRODUCTION

With regard to human onchocerciasis in Guatemala, amny entomological studies
have been carried out in connection with the transmission of the disease. The data
reported hitherto incriminated Simulium ochraceum as. the most important vector,
followed by S. metallicum s. 1. and S. callidum (Dalmat, 1955; De Leon & Duke, 1966;
Garms, 1975; Collins, 1979). The first species is markedly anthropophilic, while the
second and third are markedly zoophilic in their blood feeding behaviour (Dalmat,
1955; Wilton & Collins, 1978). Recently, Collins ¢t al. (1981) studied on the diurnal
patterns of biting activities of these species including S. downsi, using human baits.
With animal baits, on the other hand, little has been investigated about the biting
activity of Guatemalan blackflies, Simulium spp. Such a study will give an informa-
tion for a better understanding of the vector biology in the transmission of human
onchocerciasis and/or bovine and equine onchocerciasis. Because the animals with
onchocerciasis were commonly found in the areas endemic for human onchocerciasis

*] This study was supported by the Ministry of Public Health, Republic of Guatemala, and by the
Japan International Cooperation Agency (JICA). (ORCOP No. 63) *2 Department of Parasi-
tology, Kochi Medical School, Nankoku City, Kochi, 781-51, Japan *3 Department of Parasitic
Diseases, Kumamoto University School of Medicine, Kumamoto, 860, Japan *4 Servicio Nacionél
de Erradicacién de la Malaria, Ministerio de Salud Publica A. S., Guatemala, Guatemala, C. A,
*5 Division of Medical Zoology, Medical College of Oita, P. O. Box 37, Oita, 870-91, Japan
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in Guatemala (Hashiguchi et al., 1981). The present paper deals with the results
of surveys on the diurnal activity and species composition in the cattle-biting of .
metallicum s. 1., S. callidum, S. pulverulentum and S. rubicundulum.

MATERIALS AND METHODS

Fly collections were performed at three sites, Finca San José Guachipilin, Finca
Tullio and finca Terranova, within San Vicente Pacaya (SVP), Department of
Escuintla, Guatemala. SVP is the pilot area since June 1976, under the Oncho-
cerciasis Control Project established by the Guatemalan and the Japanese Govern-
ments. The present study sites, about 650 m to 700 m akove sea level, stituated on
the Pacific slopes of the Sierra Madre. All the blackfly collections were made on
three cows at the respective sites; two collecting men and one animal bait were ar-
ranged in every collection. The two men captured the flies which were biting on the
animal bait, using an aspirator. The collections were carried out from daylight until
night-fall of the two consecutive days in January 1979. The blackflies captured were
kept in sample tubes, separating them with hour-intervals, respectively; thereafter
they were killed with 109, formalin. After taking the samples to the laboratory, the
numbers and species compositions of the flies were assessed in each hour-interval.

ReEesuLTs

Of 8,203 blackflies collected, 6,531 (79.6%,) were S. metallicum s. 1.; 977 (11.9%,),
S. pulverulentum; 654 (8.0%,), S. callidum; and 41 (0.59%,), S. rubzcundulum in the present
surveys. 'The result indicates that the first species is the most dominant among the
flies engorging on the animal in the area (SVP).

In Fig. 1, the numbers of blackflies captured during two consecutive days at the
three sites were summed up, and the biting densities were expressed as percentages of
the flies in hour-interval, among the total collections of the respective species through-
out the days. Biting activity of §. metallicum s. 1. reached a peak between 0800 to 0900
hours, and"the second peak was found between 1500 to 1600 hours. S. callidum, on
the other hand, exhibited the first distinct peak of the biting activity in the period from
1700 to 1800 hours, followed by the second from 0800 to 0900 hours. In S. pulveru-
lentum only one remarkable peak of the activity was noted during the hours from 0900
to 1000, while S. rubicundulum indicated two peaks, one, more distinct, in the early
morning (0800 to 0900 hours), the other in the early afternoon (1300 to 1400 hours).

In Fig. 2, the species composition was expressed as percentages of each fly species,
among the total numbers of the four species captured in each hour-interval throughout
the collections. S. metallicum s. 1. was the dominant cattle- -biting species in the survey
area (SVP) from daylight until night-fall, though there were two troughs, one in the
late morning and the other in the late afternoon. In connection with these troughs,
S. pulverulentum showed a relatively high rate of the composition in the species during
the hours from 1000 to 1100, whereas S. callidum composition increased steadily from
1500-1600 and peaked at the hours, 1700-1800, immediately before the night-fall.
The remaining species, . rubicundulum, was constantly low in the composition through-
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Figure 2 Diurnal species compositions of cattle biting flies of four zoophilic
species of Simulium in San Vicente Pacaya, Guatemala.

out the day, only 41 individuals being collected during the fly catching.

Discussion

Among the present zoophilic blackfly species, both S. metallicum s. 1. and S. cal-
lidum are known to bite man, and they are considered to be potential vectors of
human onchocerciasis. Apparently, these blackflies are markedly zoophilic in their
blood feeding activities. It would be, therefore, necessary to investigate the biting
activity of the flies using animal baits, in terms of an understanding of the vector
biology.

When the present fly collections were made on the bovine baits, S. metallicum s. 1.
and §. callidum, respectively, showed two distinct peaks of biting activities in the
day, one in the morning and the other in the afternoon. According to Collins et
al. (1980) who worked with human baits, the man biting activity of S. callidum peaked
at 1500-1700 hours, and S. metallicum s. 1. was also somewhat more active in the after-
noon, particularly between 1400 and 1700 hours at Finca Los Tarrales in Guatemala;
their study area has a similar elevation with the present study sites. These peak
biting activities of the both species are slightly different from those found in the
present surveys. The discrepancy may be caused by the host difference between
human and bovine baits. Thus, it is assumed that there will be some difference in the
host preference of the flies, according to the time of the day.

Most of S. pulverulentum and . rubicundulum, were found to have a distinct peak
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activity mainly in the mid-morning. This indicates that both of them are morning
attackers of the animals in SVP. On the other hand, these two species were found to
be hardly attracted by men (fly collectors), suggesting that they are solely zoophilic.
The present study area (SVP) being a highly endemic zone of bovine and equine
onchocerciasis with O. gutturosa and O. cervicalis, respectively (Hashiguchi e al.,
1981), it seems likely that these species including S. metallicum s. 1. and S. callidum are
involved in the transmission of non-human onchocerciasis though the vector of the
disease remains still to be determined in Guatemala. In addition, the area is also
known as the endemic focus of human onchocerciasis with various intensities of the
infections in the residents of villages and plantations within SVP (Tada et al., 1979).
In such an area, the possible infection of S. metallicum s. 1. and S. callidum with the larvae
of bovine or equine Onchocerca should be taken into consideration, especially in the
evaluation of the vector control of the human disease.

In species composition of the flies, there were only four species which landed on the
bovine baits for blood feeding. Although S. ochraceum, the principal vector of human
onchocerciasis in Guatemala, was commonly found during the fly catching in the
study sites, none of this species was attracted by the bovine baits. In SVP, S. metal-
licum s. 1. was the dominant bovine attacker in each hour-interval throughout the days.
A relatively high composition of S. pulverulentum was noted in the morning, whereas
S. callidum composition increased in the late afternoon.

Further detailed examinations on the biting activity of these zoophilic and/or
anthropophilic species should be made in future, in relation to their ovipositions and
host seeking behaviours, as mentioned by Garms (1975) and Collins et al. (1981) on
the anthropophilic species, . ochraceum.
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Abstract: The rapid titration method of the infectivity and the neutralizing
antibody of rabies virus was established by the use of immuno-peroxidase (biotin-avidin-
peroxidase) staining technique in microslide culture chambers. This method offers high
sensitivity and reproducibility and would provide a new mean for the rapid diagnosis of
rabies and the seroepidemiology of rabies virus.

INTRODUCTION

Many studies have been reported on the quantitation of infectious rabies virus
in vitro (Yoshino et al., 1966; Sedwick and Wiktor, 1967; Matsumoto and Kawai,
1969; Schneider, 1973; Buckley and Tignor, 1975; Strating et al., 1975). However,
the plaque titration method can be applied, in general, for only laboratory-passaged
virus strains and requires a longer incubation period to obtain the results. In con-
trast, in fluorescent antibody (FA) technique, rapid and reproducible titration can
be attained using the culture cells sensitive to rabies virus and even street strains can
be quantitated by counting fluorescent foci on the cells (Smith et al., 1977).

Recent progress of immuno-peroxidase techniques provides a new mean to
detect viral antigens in the infected cells (Benjamin, 1974; Miller et al., 1974; Gerna
et al., 1976) and to quantitate the infectivity of virus (Hahon et al., 1975; Okuno
et al., 1977, 1979). This technique has several advantages when compared with FA
technique. The samples can be examined with a light microscope and stored for
long time after fixation according to the stability of the staining. Thus if the tech-
nique is applicable for virus neutralization test, this should be the most suitable
method for determining the neutralizing antibodies against rabies virus of large
number of specimens.

Among the immuno-peroxidase techniques, the use of biotin-avidin interaction
system has been proved to be highly sensitive for the detection of cell-associated
antigens and has been extensively employed for immunohistochemistry (Guesdon
et al., 1979; Warnke et al., 1980; Hsu et al., 1982).

Therefore, the present study was begun with an application of biotin-avidin-
peroxidase (BAP) technique for the infectivity assay of rabies virus and virus
neutralization test with an ultimate goal of an application for the immunoelectron-
microscopic studies of the virus.

1 Department of Microbiology, Medical College of Oita, P. O. Box 37, Oita 870-91, Japan
2 Department of Virology, Institute for Tropical Medicine, Nagasaki University
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MATERIALS AND METHODS

Virus:  The plaque purified CVS strain (Buckley and Tignor, 1975) of rabies
virus was grown in murine neuroblastoma cells (N-18 clone) and stored at —75°C
until use.

Cells:  Murine neuroblastoma cells and CER cells (Smith et al., 1977) were
grown in Eagle minimum essential medium (MEM) supplemented with 59, fetal
calf serum and 5%, calf serum and antibiotics. CER cells were used for the infec-
tivity assay of rabies virus throughout the study. Microslide culture chamber
(10 chambers, Bellco Glass, Inc. NJ, U. S. A.) (Fig. 1) received 0.25 ml/chamber of
cell suspensions at a cell density of 8x 10¢ cells/m/ of medium and the cells were
incubated at 37°C in 5%, CO, incubator until the monolayers of the cell completed.

Figure 1 Microslide culture chamber (10 chambers perslide). The culture
chamber can be used repeatedly only by changing a bottom slide
glass.

Starning of the cells by BAP technique: CER cell monolayers on microslide culture
chambers were inoculated with 50 ul/chamber of serially diluted virus suspensions
and incubated for 90 min at 37 C for virus adsorption. Then the inoculum was
removed and the cells were incubated for various periods with Eagle MEM supple-
mented with 5%, fetal calf serum and 29, Sephadex G-200. At intervals, the cells
were washed with phosphate buffered saline (pH 7.4, PBS) and fixed with cold
acetone for 20 min. The cells were first reacted with anti-rabies virus mouse ascitic
fluid for 60 min at 37 C. After washing with PBS 3 times, the cells were then stained
with biotinyl-anti-mouse immunoglobulin (Ig) G goat serum (E. Y. Laboratories,
Inc. CA, U. S. A.) at an appropriate dilution for 60 min at 37 C and finally stained
with advidin conjugated with peroxidase (E.Y Laboratories, Inc. CA, U.S.A.)
for 60 min at 37 C. Peroxidase reaction was done with H,O, and 3, %'-diamino
benzidine tetrahydrochloride (Sigma Chemicals, MO, U.S. A.) as described by
Graham and Karnovsky (1966). The slide was sealed with buffered glycerin and
the stained foci were counted under an ordinary light microscope.

Kinetics of virus neutralization: ~ Anti-rabies virus mouse ascitic fluid was pretreated
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with 259, kaolin suspension as described by Smith et al., (1973). Virus suspension
containing 108 focus-forming unit (FFU)/0.1 m/ was mixed with an equal volume of
serially diluted anti-rabies virus mouse ascitic fluid and incubated at 36 C in water
bath. At intervals of incubation, 0.2 m/ of the mixture were taken and diluted
immediately one hundred fold and kept in ice. The samples were then inoculated
onto the cell monolayers in microslide culture chambers and assayed for the in-
fectivity of surviving virus. Control virus suspension with virus diluent only was
treated similarly.

REsuLTs

Formation of foci: Development of infected foci on CER cells by rabies virus was
examined. Cell monolayers were infected with approximately 200 FFU of the virus
and incubated. At intervals, samples of the slides were taken and processed for
BAP staining and the number of foci (Fig. 2) was counted. As shown in Fig. 3,

Figure 2 Stained foci of rabies virus-infected CER cells by biotin-avidin-
peroxidase (BAP) technique.

the foci became countable at 16 hr after infection. The number of foci increased
threreafter until 32 hr after infection and reached a maximum although the size of
focus increased even thereafter and became uncountable at 40 hr because of the
combinations with adjacent foci. From this observation, the number of foci was
counted after 32 hr of incubation in the following experiments.

Relationship between the number of foci and virus dilution was next examined.
Aliquots of serial twofold dilutions of appropriately diluted virus were inoculated on
the cells and the number of foci was counted at 32 hr after infection. Fig. 4 shows a
linear relationship between the logarithms of the virus dilution and the number of
foci per chamber, indicating that one focus was produced by one infectious particle
of virus.
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Simultaneous experiments with FA staining technique showed an identical dose
response of fluorescent focus formation by rabies virus (Data not shown).

Kinetics of virus neutralization: The optimum incubation period of virus-antibody
mixtures for measuring neutralizing antibody was determined at 36 C. Fig. 5 shows
the results of the kinetic studies examined with 106 FFU/ml of virus and different
dilutions of anti-rabies virus mouse ascitic fluid. Although the virus was neutralized
by more than 909, after 15 min of incubation, the neutralization progressed gradually
until 90 min of incubation and completed in each dilution of ascitic fluid. Only
289, of the virus was inactivated after 2 hr of incubation.

Thus, the incubation of 90 min at 36 C was selected as the conditions of the
following neutralization tests.

Determination of neutralizing antibody titers of anti-rabies virus mouse ascitic fluid: Two
lots of mouse ascitic fluid were diluted by twofold dilution starting 1: 800. Each
dilution was incubated with an equal volume of virus suspension containing 400 FFU
of virus /0.1 m/ and incubated at 36 C for 90 min. Fifty gl of the mixtures were then
inoculated onto the cells and assayed for surviving virus by BAP technique. The
percent of focus inhibition was obtained by dividing the number of foci in test samples
by the number of foci in control virus sample which was done in parallel only with
the medium. '
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Figure 6 Neutralization of rabies virus with two
preparations of anti-rabies virus mouse
ascitic fluid.

The percent of focus reduction was transformed into probit and a probit regres-
sion line (Y=a+bX) was calculated against the logarithms of antibody dilution
(X). Asshown in Fig. 6, probit of the percent of focus reduction fitted to the obtained
probit regression lines at various concentrations of antibodies. The slopes of the
probit regression lines of two preparations of anti-rabies virus mouse ascitic fluid were
same. Thus the fifty percent focus reduction titer of neutralizing antibody of a given
serum can be estimated from the probit regression line.

Discussion

An immuno-peroxidase (BAP) technique was applied to the rapid titration of
rabies virus infectivity and virus neutralization test. The results indicated that the
BAP technique can be replaced by FA technique for the titration of rabies virus
infectivity. This application to virus neutralization test would provide a new method
especially for determining neutralizing antibody titers of a large number of specimens
since immuno-peroxidase staining method has several advantages over the FA
technique as mentioned previously.
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Figure 7 The principle of BAP staining technique and the comparison with
PAP (peroxidase-anti-peroxidase) staining technique.

The principle of BAP technique (Fig. 7) is based on extremely high affinity of
avidin (affinity constant, 1015 M-1) to the biotin which is a vitamin with a molecular
weight of 244 and derived from the diet and intestinal bacteria. Ig or proteins can be
covalently coupled with many molecules of biotin without loss of biological activities
of the proteins. Avidin is a basic glycoprotein of approximately 68000 of molecular
weight which is present in eggs. Each avidin molecule possesses four binding sites
for biotin while each biotin molecule is capable of binding to only one avidin molecule
(Moss et al., 1971). The binding is extremely resistant to dissociation. One molecule
of avidin can be conjugated with more than two molecules of horseradish peroxidase.

Thus the use of antiviral Ig (first antibody), biotinyl anti-Ig serum (second
antibody) and peroxidase conjugated avidin for the staining of viral antigens in the
cells should provide higher sensitivity and specificity than the peroxidase-labelled
antibody techniques or peroxidase-anti-peroxidase (PAP) staining technique as has
been studied and proven by Guesdon et al. (1979). In addition, BAP technique has
one more advantage over the PAP technique, i.e. the peroxidase conjugated avidin
can be used to biotinyl anti-Ig prepared in any species of animals, while in PAP
technique, PAP complex should be prepared each in corresponding animal to which
antiviral serum (first antibody) is prepared (Fig. 7).
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