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BIOASSAY OF BACILLUS
THURINGIENSIS (BERLINER)
5-ENDOTOXIN
USING THE TOBACCO BUDWORM

By H. T. DuUwsaue, microhwingist, A, J. Martixez, Lagricultural research technicien, and
T. PeNa, brolugread techniciun, Cotton Insects Laboratory, Agricallural Research Ser-
vice, I8, Departwment of Agriculture, Brownseille, Tex. 78520

ABSTRACT

This bulletin presents in detail the mechanics of a bio-
assay developed to measure the potencies of formulations of
Baciilus thuringiensis (Berliner) -endotoxin, using the to-
bacco budworm, Heliothis virescens (F.}, No new assay
principles are introduced, but the techniques deseribed
have improved the efficiency of the assay and are fast,
convenient, and reliable. The methods have been used suc-
cessfully for several years, and data on the accuracy and
reproducibility of the assay are presented. The techniques
are readily transfevable to assays against other insects and
with otherinsecticidal inaterials, KEY WORDS: Heliothis,
Heliothis virescens, Tobacco budworm, HD—1, Bio-
assay, Bacillus thuringiensis, 5-endotoxin.

INTRODUCTION duce the cost of producing them. To
accomplish this, we will first need an
accurate means of measuring the ac-
tive ingredient. The method we
choose must be accurate yet suffi-
ciently simple to enable us to run
gsamples for our research at a rate
which will insure reasonable prog-
ress. Because chemical assays are
both accurate and rapid, it would be
1Present address: Western Cotton [nsects helpful if there— were a generally ac-
Laboratory -1‘36'?. East Broadway Rd. cepted chemical assay for th.e
abo ¥, 3 . ,
Phoenix. Ariz. 83040, S-endotoxin. Unfortunately, there is

Formulations of the d-endotoxin
produced by Bacitlus thuringlensis
{Berliner) are used in the control of
several lepidopterous pests. How-
ever, if these materials are to enjoy
still wider use, they must be made
mere effective and less expensive:
i.e., we must increase the insectiei-
dal activity of these products and re-




o TEUHNICAL BULLETIN 132, 1.5, DEPE. OF AGRICULTURE

none, amd at present, we have no
way of measuring the guantity of
S-endotoxin in a tormulation except
through a bivassay.

Insect bioassavs are diffieult to
conduet, and early workers tried to
avoid them. Since mioroseopie ex-
amination of 8. thurivgicusis
caltures appeared to show one
erystal of the §-endotoxin tor every
spore of the bacillus, it was hoped
that a count of viable spores present
it a preparation could be used to de-
termine ity insecticidal activity. The
spore count became a generally ac-
cepted method of measuring the
potencies of B, fhuripgiensis
formulations.

Bonnefoi et al. (12 first warned
aguinst the use of the spore count
and pointed out the need for a bieas-
say. A vear later, Burgerjon 12}
further noted that an aceurate bivas-
say required that the response of in-
sects [o a test sample be compared
with their response to a veference
standard. To make his comparisons,
Burgerjon measured the degree of
feeding inhibition in Pieris brassicae
after exposure to the S-endotoxin.
Splittsteesser and MeEwen (75)
suggested  that  biloassays  of
S-endotoxin eould be improved if the
toxin were administered to test in-
sects by incovporating it into an arti-
ficial diet. They used death as the
assay eriterion, calewlating the LC,,
of their samples from the response of
the insects to a series of dilutions of
the toxin in the diet. Later,
Mechalas and Anderson {72} ve-
viewed the use of a standard in an

*tnhe numbers in puventheses vofor to
e i ULiterature Cited” o L

assay propused by Mechalas and
Dunn (12) and emphasized that the
regression eurves used to compute
the LC's of the standard and the
test samples should be considered
paratiel.

Inspite of these and other studies,
the spore count continued to be used
to standardize formulations of B.
thuringiensis, and bioassays were
used only infrequently. Then in
1966, in Wageningen, the Nether-
lands, participants in a symposium
on the standardization of microbial
insect contrel agents proposed
that a formulation of the B,
thuringic nsis—§-endotoxin-spore
complex prepured for the Institut
Pasteur, Paris, France, and named
E-81, be adupted as a primary in-
ternational reference standard. The
same group assigned a potency of
1,000 international units (IUYmg to
E—61 and further recommended that
the potency of all preparations of the
S-endotoxin be directly or indirectly
compared to E-61 and be expressed
in I's, Burges {3) has reported the
details of this meeting.

Although the concept of express-
ing potencies i IU's was a much
needed advance, it was not generally
aceepted until the discovery of the
HD-1 isolate of B. thuringiensis by
Dulmage (6). Formulations of this
isolate, although no higher in spore
count than previous preparations of
the S-endotoxin, were many times
more potent, and this improved po-
teney was demonstrated both in the
laboratory and in field trials. Thus,
the spore caunt was obviously not
valid, and the need for a bicassay
was demeonstrated.




BIOASSAY OF B, THURINGIENSIS a-ENDOTOXIN 3

Dulmage et al, () next proposed a
bipassay based ond-day old larvae of
the cabbage looper, Trichopulsia ni
{Hubner), This assay was adopted
by the Pestivides Regulation Divi-
sion of the Knvireamental Protee-
tion Ageney as the official bloassay
for tse i measuring the potencies of
formulations of B, Hruringiensis
effered foraale in the United States,
Later, ag reported by Dulmape (¥, a
formulation of HD-1, labeled
FD- 1321971, was adopted as the
primary reference staudard for use
in this assay and assigned a poteney
of 18,800 [{" g,

This Tast assay wus very satisfae-
tory, but was net meant to preclude
the use of other assay procedures,
particularly in evaluating formula-
tions of B, thuringiensis apainst
speeific target insects, sinee, us
Burges (49 has pointed out, several
guestions ax te whether the endotox-
ins produced by different strains of
B. thuringivisis have the same
spectrum of potency remain unre-
solved. Thilmage (7Y has diseussed
sume aspects of this problem.

The tobaceo budwarm, Heliothes
piveseens (FO), v a major pest of Lo-
bueco and cotton. MeGarr ot al, (/0,
£ D have demonstrated that formula-
tiong of HD-1 will control Aeliotlis
species on cotton, but only when ap-
plied at rates that are presently im-
practical, In the course of searching
for means of producing more potent
and less expensive formulations of
S-endotoxin for use in the control of
Heliothis, we developed an assay
based on neonate larvae of the to-
bacea budworm, The mechanies de-
veloped fur this assay make it both

vapid and accurate. and we believe
that a detalled deseription of our
methods will be useful to other
workers, since many of our proce-
dures can readily be adapted for use
in assays with other microbial insect
control agents or against other in-
seets. This budletn deseribes our
assay,

ASSAY PROCEDURES

In this assay, as n the procedure
proposed by Dudmage et al. {9, ser-
ial dilutions of the test samp.es and
of a standard preparation of known
poteney are incorporated inlo an ar-
tifivial diet. The diet-sample mix-
tures are then dislributed into 4-o0z
clear plastic eups and infested with
one uneonate larva of the tobaceo
budworm per cup. After 7days, the
eups wre examined, and the percent-
agre of kill for each dilution is re-
corded and used to caleulate the
L, i each sample. The potencies
of the samples ave then determined
by comparing the L, of individual
samples with that of the standard.

It i essential for accuraey that
any insect used in an assay be vigor-
ous and disease free. The culture of
the tobaceo budworm being reared
by the mass-rearing group at our
laboratory meets these standards,
and we routinely obtain newly
hatched, reated egps from them.
The treatment and handling of the
eggs will bo discussed in a later
section.

Diet Preparation

Proper preparation of the diet is
essentia) to an aceurate assay, sinve
the thick, lnmpy diet which comes
from poor prepavation makes it dif-




4 TECHNICAL BULLETIN 162, U,8. DEPT. OF AGRICULTURE

ficult to get even distribution of the
sample in the diet. The key to good
diet is in taking cave that the agar
has been completaly dissolved. To
make 1liter of diet, the agar solution
and cliet are prepared and mixed as
deseribed below.

Agarsolution

Bring 270 ml H,0 to a vigorous
boil, In a separate container, blend
together 15 g agar and 230 m| cold
H,0. Add the blend to the boiling
H, U, heat the mixture again to boil-
ing, and boil for 2 min. Yield: 500 m)
agar solution.

Diet ingredients

To 500 m! cold H.O, add, while
stirving, 6 ml 4 % KOH, Continue
to stir and add the following in-
gredients: 146.21 g nutrient mix,?
4.83 g ascorbic acid, and 0.17 g
chlortetracycline- HCl.* Then add,
while continuing to stir: 5.0 ml 10%
formaldehyde solution, 13.3 ml 15%
choline chloride solution, and 4.0 mi
vitamin solution.

IComposition of nutrient mix, grams per
kilogram: Soybean fowr, 551.7; wheat germ.
246.2; Wesson salts mixture, 52.07; sucrose,
1.3, methyl parabenzoate, 12.31: sorbie
acid, 7.41. (Allingredients for 1 week's assays
are weighed at the same time and stored in
plastic bags at room temperature until
needed.)

1A= pure antibiotic. Qur sources have var-
fed. At present, we are using 3.08 g of a
feed-grade Formulation containing 25 g
chlortetracyeline HClb,

*Compositwn of vitamin selution. grams
per liter: calcium pantothenate, 12.0;
nicatinamide, 8.0 ribofiavin, 8.0; folie acid,
3.0; thiamine H™, 1.5; myvidoxine - HCL, 1,5
biotin, 1.12; vitamin By, 1.006, The mixture
is held in the refrigerator until used, A frosh
sulution is prepared every 2 weeks,

Mix the diet ingredients thor-
oughly, then add the hot agar
solution, continuing to stir vigor-
ously. Final temperature: 53°-55° C,
The diet is kept constantly stirred in
a mixing tank until used. A plastic
bag is kept over the tank and mixer
to prevent contamination of the diet.
The mixing tank is cleaned thor-
oughly each day after use and is
autoclaved at 121°C for 35 min under
steam at least once a week as a
further precaution against any
buildup of contariination within the
tank.

Cup Preparation

When maximum accuracy is de-
sired, we use 50 cups per dilution of
sample. For routine or preliminary
assays, we use 25 cups. From %-in
plywood and quarter round, we con-
structed a set of trays with inside
dimensions of 8 by 16 in, each of
which holds 50 clear plastic 3%-oz
cups. These trays are coated with
varnish that allows them to be
washed with water and antiseptic.
(The trays are washed daily; they
can be steam-steritized and are au-
toclaved at least once a week.) Each
tray thus holds enough eups to ac-
commodate either one or two dilu-
tions of a sample depending upon
the procedure used. The necessary
number of trays is set up with cups
early in the morning while the diet is
being made, rather than on the day
before, to avoid possible airborne
contamination. The trays are shown
in figure 1.

Samples and Dilutions

The initial suspensions and all di-
lutions of the test samples and the
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Fro ee 1, — Trayvs being set up with cups for day's assays.

standard are made in a buffered
saline solution consisting of the fol-
lowing ingredients (grams per liter):
Na(l, 8.5; K,HPO,, G6.0; and
KH,PO,, 3.0, When this solution is
used to make the initial suspension,
LOmlofa 1% Tween 80 solution is
added to each 100 ml of the saline
solution to aid in wetting the test
sample. The factor at which the
samples are diluted i the diet is che-
sen fur canvenience and does not af-
fect the accuracy of the assay. We
dilute samples at vither 1:10 o 1:50
in the diet; however, the dilution fae-
tor is kept constant within a day's
agsays. Sinee in the series of dilu-
tions we use, we want the highest
concentration of sample in the diet to
be about 3 times the L, of the
sample, an appropriate initial con-
centration of the test material is ap-
proximately 30 times the estimated
LC,, when a 110 dilution is to be
used and 150 times the estimated

LC,, when a 1:50 dilution is used. In
the past, we sonified the initial sus-
pensions of each sample to aid in the
complete dispersion of the toxin, but
we have since found it quicker and
more convenient to homogenize the
suspension briefly by hand ina 60-or
100 -m] Ten Broeck tissue grinder for
about 30 s.

Seven dilutions are usually tested
in an assay. Since the highest accu-
racy is obtained when the points are
clustered as closely as possible about
the Ly, we make the following
series of dilutions frem the initial
suspensions: 3:4, 1.2, 3:8, 1:4, 3:16,
and 1:8, These dilutions are derived
from a series of 1:2 dilutions from
both the undiluted and the
3:4-diluted sample suspensions. The
1:2 dilutions are conveniently made
by mixing equal volumes of sample
and saline solution in a 50-ml screw-
top test tube, The tubes are labeled
with masking tape, and the concen-
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tration listed on the tape as it will be
when the suspension is diluted in the
diet, (The use of masking tape is im-
portant in the mechanies of our
assay. as will be explained later)
Kach suspension is agltated with a
vortex test-tube mixer just betore
making the next dilution from it and
again just before adding it to the
diet. All dilutions for the day are
prepared in advance of the assay,
but none i ever held for more than 2
ordh,

When we are ready to incorporate
the saline suspensions into the diet,
we draw an appropriate amount of
diet from the mixing tank and simul-
tancously pour the diet and pipet a
propartional velume of one ol the di-
lutions inte a Waring Blendor jar
tfg. 23 ¢When 50 vups are to be

used, we blend 20 mi suspension into
180 ml diet if we are using a 1:10
ditution in the diet, or 4 ml suspen-
sion intoe 200 mi diet for a 1:50 dilu-
tion; when 25 cups are used, we
blend 10 ml suspeasion and 90 m)
diet for the 110 dilution or 2 mi sus-
peasion and 100 mi diet for 1:50,) In
aiost of our work, we have used the
FOO0-ml blender jar, bul recently
have found that the 300-ml jur is
wmore satisfactory and now use the
smallgr gize. The mixture is then
blended 2 min at high speed while
the masking tape label is transferved
from the test tube to the blender jar.
tThe masking tape label is transfer-
red from step to step throughout the
assay to minimize human errvor.)
Since each sample must blend 2 min,
we overlap blendings at 80-s inter-

PN -1

Fit 25 2 -~ Blenders during assay. Note the masking Lape labels on the blenders, the tiners on
the shelf, and the variable transformers against the wall. The mixing tank in the back-
pround 15 hept covered to proteet the diet from airborne contamination.
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vals, using timers for each sample as
shown in the bavkground of figure 2,
Theoretically, unly four blenders are
needed to maintain such a sequence;
however, we find the blender motors
fast longer if they are allowed to coul
between use, 80 we use six bases
during the operation—only four of
which are in use at any given time.
Blenders start suddenly at high
speed, resulting in considerable
splasl within the jar, Because this
mighi lead to ihacewrate blending,
we leave the base speed on high but
gradually bring the blenders up to
speed with the variable transform-
ers seen i the background of figure
2. We have ivarned that in the next
glep an experienced person ean take
the diet from a blender jar and fill 50
cups inabout 19, so it is Feasible, if
desived. to increase the number of
samples run af a time by decreasing
the  time interval between
hlendings,

Alter the divt and the sample have
blended 2 min, the blender jar is re-
moved, and the diet Is transferred ta
a plastic mustard dispenser. The lid
s put on, the dispenser inveried,
and the diet dispensed into each of
25 or 50 cups by simply squeezing
the sides of the dispenser. Since
the assay depends on concentration
and not on guartity of toxin, it is
nat necessary to accirately control
the amount ol diet per cup. The
masking tape from the blender jaris
transferved to the side of the tray
containing the cups. After they are
empty, the jars and dispensers are
washed and reused. As far as our
tests show, no cross-contamination
between samples has resulted from

thi= reuse. However, all glassware
is thoroughly washed and auto-
claved at the end of each day as a
precantion against any buildup of
contaminating material. Figure 3
shows the dispensing of the diet.

Controls

Control samples, using buffer only
as an additive to the diet, are tested
Inevery assay——one at the beginning
and one at the end of the assay. No
vorrectiony in the tinal caleulations
are made for control deaths, but any
agsay with more than 49 deaths in
either of the control samples is con-
sitlered very suspect,

Infestation

Larrae.—We get egps from the
mass-rearing facitity 2 days in ad-
vance of an assay. These eggs have
previously been treated for 2 min
with a 0.2¢% solution of sodium hy-
pochlovite, washed with water, and
air-dried in a laminar-flow hood.
(For details of the rearing proce-
dures and egg treatment, see Rauls-
ten and Lingren 14.) To insure an
abundant supply of newly hatched
larvae at the time we need them, we
usually obtain a large excess of
eggs—approximately 1 ml of eggs
for each seven trays. {One mi con-
tains about 7,000 eggs.) The eggs are
then distributed in 9-0z waxed paper
cups in quantities sufficient to
lightly eover the bottom of each cup.
No attempt is made to measure the
volume of eggs placed in each cup,
but it averages about three-fourths
nuililiter per cup. A single Kimwipe
is loosely crumpled and placed in
each cup. The cups are then covered
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FigUne 3.—Diet being dispensed into cups on trays. Completed trays labeled with masking
tepe are in the left backgroumnd.

with a transluceni plastic lid and
placed in an incubator in the dark at
30°+1° C and 499%-50% relative
humidity for a peried of approxi-
mately 44 h, at the end of which time
the larvae should begin hatching,
The exact incubation period must be
determined by trial and error, but
should be timed so that hatch starts
4to5 hbefore infestation is to begin.

Tufesting.—The diet in the cups is
allowed to harden for a minimum of
45 min {usually over the lunch hour),
and each cup is then infested with
one neonate larva of the tobacco
budworm, using the procedure de-
sceribed below.

About one-half hour before we
begin infesting the assay, the cups
containing the eggs are brought out
to the light so that the more vigorous
larvae will climb up to the underside
of the transiucent lid. Larvae for use

in the assay are obtained by remov-
ing a lid and tapping i gently over
the white plastic table covering we
use for infesting. Larvae that fall
from the lid to the table are readily
visible on the white top. The lid is
replaced on the egg cup to collect
more larvae. The assay cups are
then infested with the neonate lar-
vae, using a fine camel’s hair brush,
taking care to see that the brush
does not touch the diet. If the brush
touches, it is disearded. A different
brush is used for each dilution to
make sure that there is no carryover
of toxic material from one sample to
another, and, at the end of each day,
all brushes are placed in a glass con-
tainer and steam-sterilized for use
the following day. While one worker
puts the larvae in the cups, ancther
caps the cups, using plastic-coated
lids so that the diet will not dry out
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PN-i302
FiGtrE d.—Infesting the assay. Note the sterilized eamel's hair brushes in the flask in the

foreground, the white table top, and, inthe background, the completed samples in the bags
with magking tape labels,

(5\,\:“

B,
(«2% .

PN—i404

FIGURE 8.—A T-day-old larva retarded by exposure to the B, thuringiensis 8-endotoxin
compared wich a normal larva of the same age,
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during the incudation period. The
capped cups from each dilution are
ptaced in separate paper bags, the
masking tape label from the corre-
sponding tray is transterred to each
bag, and the bag iz stored in an in-
cubator at 30°=1° O and 48%-50%
relative humidity. Figure 4 shows
workers infesting the assay.

Reading the Test

After 7 daysof incubation the eups
ave removed [rom the incubator, and
the number of living and dead larvae
in each dilution is determined. When
it is uneertain whether a larva is
alive or dead, it is touched with the
point of a needle or pencil. No con-
sideration is given to imminent
death; if there is any response, ne
matter how feeble, the larva is re-
corded as alive. Usually, however,
most deaths oceur in the first stage,
and dead larvue are easily recogniz-
able. In such cases, the cups need
not be opened, since the clear plastic
gives anadequate view of the larvae,
1t must be stressed that death is the
only criterion. Many larvae will be
obvigusly damaged and severely re-
tarded by exposure to the toxin.
Figure 5 shows a severely stunted
but still fiving 7-day-old larva that
has been exposed to B. fhuringien-
sis §-endotoxin compared with a
normal larva of the same age, Such
damage is ignored for the purposes
af the assay,

Computing Potency
in International Units
The L., of each sample is com-

puted from the data obtained on the
percentage of kill in each of the

series of dilutions of the sample. The
potency of the sample is then caleu-
lated by the following formula:
Pitetey sonple tHE mye
167 standnd + podency stambived Ji7 mye
4" numpde
The LC,, can be computed inany one
of the three ways described in the
following paragraphs.

Pateney probit analysis.—Daum
(51 devised a potency probit analysis
program for computers that com-
putes the slopes of the regression
curves of all sumples within a day’s
assays: compares the slopes for
paralielism, rejecting samples with
nonparallel slopes; adjusts the
curves of the acceptable samples to
the average slope for the day; caleu-
lates the LC,, of each sample based
on the corrected average slope; and
then computes the ratio, LC;, sam-
ple + LC.,standard, giving the ratio
and the 95% confidence limits sur-
rounding it. The program above has
been modified by H. Del Var
Peterson of the Biometrieal Services
Staff, Agricuitural Research Ser-
vice, College Station, Tex., to carry
out the complete computation of
potencies, so that the computer
gives, in its printout for each sam-
ple, the slope of the regression
curve, the LC;,, the ratio, LC;,
standard =+ LC,, sample {the inverse
of Daum’s program), and the po-
tency in [U's with its 95% confidence
limits. This method gives the most
accurate results and should be
used whenever a biometrician is
available.

Probit analysis.—Frequently,
advanced ealeulators can be used to
run a probit analysis of each sample,
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determining an L0, for each sumple
within #5% confidence Hmits, Pro-
grams e available lor some pro-
grammable calculators that can
do thiv awtomatically. With this
mothod, curves are not compared ur
corrected for parallelism, but goud
Judgment on the part of the scientist
an compensate [or these shorteom-
ings, ana though the methed s ot as
aceurate as g polency probit
analysis, it can yield good results, OF
cotirse, the experimenter himsel!
must complete the caleulations for
117 from the LU, determinations.

Log-protbitify puper —="The per-
centage of Kill for each dilution of a
sample can be plotted en log-
probability paper, a strajght-hine
curve fitted to these points by eyve,
and the 1.C,, of the sumple estimaced
from this cwrve, This procedure is
aglapted from a paper by Mechalas
and Anderson (£2), and works best,
fur us when we use the data from
several day's ussays Lo determine a
“typical” slope and then assume that
the slope i= constant from sample to
sample and from day Lo day, We cut
a clear plastic oriangle to the slope of
this typical curve and vse the
triangle to {1t & curve to the points of
each assay. When the toeation of the
puints i such that the curve wilt not
fit them well, we reject the assay.
There iz one danger in the use of this
procedure: wi have fuund that the
slope ol the “typical curve” can
change (why we do not know), al-
though it does remain constant aver
perinds af weeks or months, When
such changes ocewr, they persist,
also over long periods of time.
Therefore, we reevaluate our “typi-

cal slope” frequently and adjust our
triangle Lo fic any changes that may
have occwrred. The results obtained
from these praphs are not as aceu-
rate as those oblained (rom
mathematical analyses, but they ave
aceurate enough to satisfy many of
the needs of vur researcl.

ASSAY ACCURACY
Replication

The assay should be replicated
on ut least 3 separate davs for any
critical determination. 1f the data
from the replicates are pooled be-
fore being used to caleulate the po-
tencies, statistival analysis of the
results will show the maximum pre-
cision., However, we feel that this
precision is often illusory and thus
prefer to calewlate the potencies of
cach fday’s replicate and then deter-
mine the precision of the average
of these individuai determinations,
Precision is influenced in three
ways: by the variation inherent in
the assay itself, by the homogene-
ity of the insect population used,
and by the homogeneity of the sam-
ple—a nonhomogeneous sample will
give widely varying resulls in an
assay. Dulmage (7) has discussed
the coetficients of variation ob-
served between individual assays
of 77 samples when our assay
procedure was used and the poten-
cies computed by potency probit
analysis, His data are presented in
tuble L. The higher coefficients ap-
peared to be associated with the
sample and reflected poor homoge-
neity, Dulmage caneluded that the
coetlicient of variation inherent in
the assay wasg less than 0.15 and
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TABLE L.—IHstribution o cueffi-
clents of varigtion determined
in replicate ussays of various
formudations of the S-endotoxin
produced by B. thuringiensis?

Ranpe of

o Samples
cyelficients sanp

ol variatinn n rnge
RN 5TE 3
[ARINIV TR EE]
0= 149 20
S L 194 i
BV 15
23R 200 T
43, 34 2

trom Dulmage (7). Assay insect: H rires.
cead T samples,
greater than 0.12. Thus, three rep-
licates are needed to determine the
potency uf a preparation within an
ervor of 20% ar a 90% confidence
level, or fowr replicates at a 95%
confidence level.
Reproducibility

There is always a danger in any
bicassay that some unrecognized
variativn—perhaps in the bioassay
procedures, perhaps in the test
insect—ean change the assay re-
sults, If this variation is consistent,
the accuracy of the assay may o« -
pear unchanged. Van der Geest and
Wassink (216) compared different
assay methods and showed that the
potencies determined could be af-
fected by the procedure used. It is
therefore important in any bicassay
system to check assay results at in-
tervals to see if there has been any
change. Fortunately, dry formu-
lations of the B, thuringiensis
S-endotoxin are very stable. so the
agsay may be checked by retesting
samples from previous vears and

. U5 DEPT. F AGRICULTURE

comparing present determinations
with those obtained earlier. Several
months often elapse between assays
ot substances in which we have only
moderate interest, and we use the
reassays on these materials to some
extent to monitor the reproducibil-
ity of our assay. However, during
1873, we had occasion to reassay
several samples which had previ-
vusly been assayed as early as 1968.
Selected examples of these assays
are presented in table 2, The data
show that our measurement of po-
tencies has remained very consis-
tent over the years.

There were three samples, not in-
cluded in table 2, whose 1973 assays
did not correlate well with earlier
assays. In each case the 1973 result
deviated by 509—100% from the ear-
tier determinations: two were
higher. one was lower. When we
reexamined the earlier data, we
found some cause to suspect that the
earlier assays were in error, but
there iIs no way now to prove it.
None of these formulations were
from the HD-1 fermentation, and
there is always the possibility that
the discrepancies observed indicate
a lack of homology between these
formulations and the standard,
which was derived from HD-1. As
Burges {{) has pointed out, it is im-
possible to compare two materials in
& bioassay unless the active prinei-
ples are homologons,

MANPOWER
REQUIREMENTS

Our goal is to make between 14
and 15 assays per day, including the
standard. This assumes 7 dilutions
for each sample, plus 2 controls for




TABLE 2.—Reproducibility of the bioassay procedures used at Brownsville, Tex., to measure the potency af
Sformulations of the B. thuringiensis 8-cndotoxin: comparison of hioassay resulls
testing the same samples over a period of 6 years

Oyerall o
N \ . . Couflicient
Culture Sample Average poteney t17/mgy during?t-— ’ average of
number number 196K 1969 1970 Co1en 1972 1973 patency

Uy

HI- 1 RX-71-3 11,6001 13,7001y 10,700¢2) 13, 10M03) 12,3048 11
HD-1 RX-72:1 13,2000 1 18,5090(2) 16,40003) 17.200 A7
HD-1 Comm, 152 AT 10,400(2) 11, 70002y 11,16K) A1
HI-1 (lomm, 212 10,4007} 11,3000 10, 700¢31 10,800 15
HD-1 Comm, 1964 11,3004y 9,68002) 10,500 20
HD-73 R-282 . 17,800¢2} 18,8000 18,400 R
HD-T3 R-300 59,900(3) B,400(2) 53,200 1K
HD- 78 R-139 63,7003 R . 42, T3 622,800 18
HD-78 R 284 44, JKH) 47, MK 2) 44,600 AT
HD-187  R-392C 52,500(2) 56,100 A0
HD--187 R-418C . #5,600(5) 63, 7002y 74,300 20
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Number in parentheses after potency indicates the number of determinations on which the potency is based.
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the day's assays, and 50 lavvae for
each dilution. To accomplish this, we
have employed several combinations
of workers. We have used one full-
time technician and five part-time,
unskilled workers, many of them
high school students, who have
proved to be very satisfactory. At
present, we are using one fuli-time
Lechnician, two full-time, unskilled
workers, and one part-time student.
Ineithercase, the day ean be divided
as follows: One unskilled worker
spends about 2 h setting up the trays
and getting the diet ready, while
the techuician and another worker
spend about the same amount of
time weighing out the samples and
making the dilutions, During the ae-
tual assay—incorporating the sam-
plex into the diet and distributing
the diet in cups—we use four work-
ers for about I'» h. Two workers can
infest about five assays per hour,
with one infesting and vne capping
the vups, Another t(wo workers,
working independently. read the
previous week's assays at a vate of
about five assays per hour, Cleaning
glassware and laboratory tables and
floors takes about 4 man-hours,
while the necessary autoelaving and
preparatory work for the next day's
agday takes about 2 man-hours
more, Total man-hours required for
the assay vary between 25 and 30,
depending on the experience of the
workers. Since we obtain our eggs
from a mass-rearing facility, we do
not have to allow any time for rear-
ing. Howe ver, our workers' time is
nat fully devoted to these bivassays,
and we believe that if our three un-
skilled employees worked full time

and were used exelusively for the
assay progran, we would have no
difficulty in maintaining a colony of
the test insect suitable to our needs,

CONCLUSION

The procedures we have de-
seribed have worked well in our
hands and have given us reproduci-
ble measurements of the potency of
the B. fhuringiensis S-endotoxing
produced by severa! variants of this
bacilluz, We have used these same
technigues in assays of the same en-
dotoxins apainst other susceptible
insects and in assays of the nuclear
polyhedrosis virus of Heliothis
species against the tobaceo bud-
worm, Data from these last assays
are 1ot yvet extensive, but indieate
that the procedures are working
very satisfactorily. We believe that
the techniyues reported in this
paper van be applied to a wide vari-
ety of assays with satisfactory
results.
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