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ABSTRACT

The 1% species whose colleterial glands were studied
represent three types of egg-laying behavior—those that
‘abandon the odtheca shortly after its formation, those that
carry it externally during embryogenesis, and those that

" carry it internally. The glands vary in size from species
1o species according to the size of the oftheca elaborated.
- In Diploptera punctata they are not required during the
development of the embryos in the uterus of the female.
B-glucosidase is present in the right colieterial gland of
cockroaches representmg all three types of ege- laymg
behavior, and also in that of a praying mantis. An uni-
dentified glucoside (Gi-A) was demonstrated by paper

chromatography in extracts of the left colleterial glands
of 19 species. This Gi-A occurs along with a glucoside

- of protocatechuic acid in seven species of the subfamily

Blattinae; with a second unidentified glucoside (GI-B)
in two specics, representing fwo genera, of Psendomopinae.
In nine other species, representing those that carry oothe-
cae either externally or internally during embryogenesis,
Gl-A is apparently the only precursor of the fanning
agent. The g-glucoside of protocatechuic acid was found
also in extracts of left colleterial glands of praying
mantids and in extracts of accessory glands of the  two-
lmed grasshopper. . .

The eggs of cockroaches are enclosed in a cover-
"ing or obtheca, the raw materials of which are pro-
duced by a pair of accessory reproductive structures
known as colleterial glands (Kadyl 1879, Wheeler
1889, Duchamp 1878-79, Dufour 1841).

- . The biochemistry of the odtheca of the oriental
cockroach, Blatte orienialis, was studied by Pryor
-(1940) and the substance responsible for the tanning
‘of the ootheca was identified as protocatechuic acid
or 3-4 dihydroxybenzoic acid (Pryor et al. 1946).
Brunet and Xent (1955) and Kent and Brunet
< (1959) clarified the tole of the colleterial glands of
B. orientalis and Periplaneta americana in the tan-
- ning of the obtheca. These authors have shown that
. the left colleterial gland produces hoth the protein
. and the precursor of its tanning agent 3-hydroxy-4-
- O-(B-glucopyranosido) -benzoic acid. The right
" gland secretes a B-glucosidase which, when mixed
.with the secretion of the left gland, hydrolyzes the
- fB-gluceside yielding protocatechuic acid and glucose.
Then, presumably, the protocatechuic acid can be
. 'oxidized to quinone and tanning of the odtheca
proceeds

The odthecae of B. orientalis and P. americanda,
characteristic of many oviparous cockroaches, be-
come dark brown and hard a few days after they are
abandoned.

- Many genera of cockroaches, however, produce
obthecae distinctly different in form and color from
those of P. americana and B. orientolis (Roth and
Willis 1954). Hard, dark brown obthecae which
 completely enclose the eggs are produced by the
oviparous species which abandon their egg cases.
- Thinner and less darkly colored obthecae are elab-
orated by those species which carry their eggs ex-
ternally throughout embryogenesis. Those cock-

roaches which carry their obthecae in a brood sac,

" produce, in general, thin, soft, lightly colored odthecae
which in- some species only partially cover the eggs.

. 1 The manuscript was prepared with the sopport of a grant
{rom the Lalor Feundation. Accepted for publication May 31, 1952,
- 2Present address: Department of Zoology, University of
Pennsylvania, Philadelphia 4, Pa.
. 2 Present address: United Fruit Company, Central Research
" Laboratories, Norwood, Mass.

"A comparative study of colleterial glands in several
genera and species of cockroaches was made to de-
termine whether the differences in type of obthecae
produced is reflected in the morphology and physi-
ology of the colleterial glands. Colleterial glands were
examined from cockroaches representative of three
types oi egg-laying behavior: those which abandon
the ottheca shortly after it is formed, those which
carry the egg case externally throughout embryo-
genesis, and those which carry the eggs internally.
Preliminary observations were made on two spec1es
of mantids and a grasshopper

MATERIALS AND METHODS

The cockroaches were veared on Purina Dog Chow
Checkers, Ectobius pallidus and Parcoblaiie vir-
ginica, .collected in Plymouth and Natick, Massa-
chusetts, respectively, were kept for short- periods in

‘the laboratory. Parcoblatta pensvlvamica was -col-

lected near Fort Royal, Virginia.

Colleterial glands were dissected under insect
Ringer’s solution and, in general, were from females
about to produce odthecae. A drop of 1% merthiolate
was added to solutions in which left and right col-
leterial glands were incubated together or separately.
Acetate buffer, 0.1M, pH 4.8, was used for incubating
right glands with extract of left glands or with
salicin, Citrate buffer, 0.05xm, pH 5.5, was used for
incubating extract of left glands with a -g-glucosidase
prepared from Aspergillus luchuensis QM 873, Phos-
phate buffers, 0.10m, were wused as solvents in the
determinationn of some of the ultraviolet absorption
spectra.

Extracts of left colletenal glands were prepared
by rinsing freshly dissected glands in - distilled water
and grinding them in a glass homogenizer in about
10 times their volume of 95% ethanol. Large quan-
tities of left glands were homogenized in a Virtis
45" homogenizer. The ethanol extract was separated
from the precipitate by centrifugation and decanta-
tiomn, .

Paper chromatograms were run at room tempera-
ture on Whatman No. 1 paper using butanel: acetic
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acid: water (4:1:3) or isopropyl alcohol : acetic acid:
water (27:1:9) as descending solvents., The de-
tecting reagents for phenolic substances were ferric
chloride/potassium ferricyanide mixture (Barton et
al. 1952) or diazotized pora-nitroaniline (Snell and
Snell 1953). Benzidine reagent (Horrocks. 1949)
was used to detect reducing sugars. Known sub-
stances were run on each chromatogram with un-
I\nowns : :

EXPERIMENTAL RESULTS
- Morphology of C olleteml Glands

A pair- of coIleter:al glands composed of dxchoto»-

: : B " EXPLANATION OF Prats i
The colleterial giands are shown at the same magnification as.the ootheca of thc correspondlng spe(:les

in millimeters.
Fic. l—Perfplanem americand, ootheca

Fic.
which eggs have beenh removed. Fic.

Stay anp RotH: CoLLETERIAL GLANDS oF COCKROACHES

3—P. americana, right coleterial gland, fixed in 70% ethanol.
5.—L. maderaé, colleterial glands in Ringer’s solution. ‘The small right gland
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mously branched tubules was present in the 19 species
examined (table 2). ‘The left gland appears milky

.white, whereas the right gland is characteristically

clear or yellowish as.in Blaberus crawiifer. The right
gland is generally smaller than the leit (fig. 3); in
Blattelln vaga the right gland has only two short
branches. In contrast to other species, the right gland
of Diploptera punciaie is larger than the left (fig. 7).

"The size and structure of - colleterial glands. and

oothecae of three species is illustrated in. figures 1

" to 8 The odtheca of the false ovoviviparous Lewco-

phaea moderae is large but thin, and. the colleterial
gla_nds are small. . The obthéca.of _}_’_er_iﬂ_aneta _ameri-

Scéle

Fic. Z—P americana, Ieft colleterial gland fixed in 70% eth:mol

Fre. 4—Leucophaea wmaterae, odtheca from

is indicated by an arrow. Fic. 6.—-Diplopiera punctata, obtheca from which eggs have been removed, Fio. 7—
D, punctata, left and right (on the right) colleterial glands from a female just before egg Iaymg FIG S—D
functata, mactwe colleteraal glands from a female ch:u‘mrr mcubatlon of the ootheca. _ .
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-cana is thick and dark, and the colleterial glands are
large. The two pairs of glands of Diploptera punciaia
illustrate the difference in size of the glands at
different periods of their secretory eycle (figs. 7, 8).
As is characteristic for species which carry their
otthecae externally or internally during embryonic
development, the colleterial glands are inactive and

small while the ootheca is bemg carried (see Engel-

mann 1957 and 1959)

Effect of Removing Colleterial Glands

. "The large size of the right gland of Diploplera
. punctata led Hagan (1951) to propose that the right

colleterial gland of D. punctata might function .in
the nourishment of the embryos.: This hypothesis was
tested by surgically. removing, under carbon-dioxide
anesthesul ezther one or both colieterlal glandc; from

Table lm—Fffec:t of removal of colleterlal glands from :

' Dxploptem pzmctam

: ' - Number - Number .
'Tissue removed operated " fertile
. females females
Fat body (control) R - I -
Right gland - >~ " - .o 0 15 7
Leit . eland; - R LI :35 .

‘Both glands . " R =
Chlsquare--24P>10% ho

'females a few days after the ootheca was depos1ted
in -the brood sac. Some of the females aborted the

" restdlts ~are summarized ‘in table 1. There is no
. significant. difference in fertility (i.e., females which
carried .embryos to the emergence of nymphs) be-
tween the females from which fat body or colleterial
glands were removed. Removal of either or both col-

-_prevent the development of young.

B glucomdase in the R@ght Glcmds '

_ 'When the right gland of szloptem puncmta is in-
_cubated overnight at -37° C. with the left -gland ‘of
P." qmericana the latter darkens. Paper chromato-
graphlc analyses of the solution:in which P. awmeri-
cana left glands and D. punctato right glands ‘have

"been incubated indicate the presence of glucose and .
‘protocatechuic -acid. * Neither ' glucose nor protoca- -
techuic acid were detected when the glands were in--

-cubated separately. Right glands of D. punctata were

also incubated overnight at 37°.C. in a 0.5% solution
of salicin (a B-gluceside of saligenin). "Glucose and -

saligenin were demonstrated by paper chromatog-
These products were absent in solutions of
-~ galicin incubated under the same conditions in the
absence of right glands or with right glands which
“were heated three minutes at 99° C. at the start of
incubation, These facts indicate that the right gland

of Diplopiera punctaia contains a §- g]ucomdase simi-

“lar to that of Periplaneta americana.

_tinae ‘compared with. Blafte . orientalis.
. species show the same: two_ spots.
the upper one is stronger than the fower.

. “adult) -comtaing mostly GI-A;

B-glucosidase was similarly demonstrated in the
right colleterial. glands of Blottella germanica, Lenco-
phaea maderae and Nauphoela cimereq. 1t appears
that the secretion of §-glucosidase is a function char-

acteristic of the right colleterial glands of cockroaches .

representing different egg-laying behavior.

. Ethanol Extracts of Left Colleterial Glands

Ethanol extracts of left colleterial glands were run
on paper chromatograms, using butanol: acetic acid:
water as solvent and ferric chloride/potassium fer-

" ricyanide as developer. In the absence of authentic

3-hydroxy-4-O-( 8-D-glucopyranosido) -benzoic acid,
each chromatogram was run with extract of leit

“eolleterial glands of Blatio  orientolis, Periplaneta
~americandg or Eurycotis floridane as a control. The

chromatogram ‘in figure 9 shows left glands of four
species ‘of oviparous cockroaches in subfamily Blat-
Al four
In.B.- orientalis

spot (Rf 0.42 to 0.48) is the -3-hydroxy-4- -0-(B-D-

. glucopyranosido) -benzoic acid identified by “Brunet
" "and Kent (1955); the lower (Rf 0.29 to'0.32) is an
" unidentified substance, - Gl-A." Extracts..of ‘left col-
* leterial glands of 19 species of cockroaches contained

substance GI-A. In addition to Gi-A, another un-

B identified substance; GI-B - (RE 0.35 to 0.40), was

demonstrated in Swupelle supellectilium and Porco-

-blaite pensylvanica. Paper chromatograms (fig. 10)
/indicate that GI-A ‘is more abundant than ‘GI-B. in
" obtheca after the operation but were able to deposit .|
. another in’the brood sac and produce offspring. The

S mpellect.«,lmm and vice versa.in P, ;bemylwamca

Table 2 summmarizes the occurience of ‘substances
Gl-A and GI-B and the 8- -glucoside of .protocatechuic
acid ‘in ‘extracts ‘of colleterial glands from different

species of cockroaches in' relation -to the -taxonomic

classification, the egg-layzng behavmr and oothecal
" color of the species.
. leterial “glands from. Diploptera punctate does not -

"By extraction of left glands of Penplanem ameri-

"cana of  different ages it was indicated that- the

earliest secretion of the gland (ie, !in a Z-day-old
‘the :B-glucoside of
protocatechulc ac1d appears Iater -

~Comparison. of Oothecal Flmds .

:Odthecal fluids from five spec1es_of_ ovipatots -cock-
roaches were run‘on paper chromatograms along with
protocatechuic acid. . Clear fluid ‘was gently. squeezéd
from pin holes. in, the ends of the odthecae and applied

directly to the paper, producing a spot about.3 mm.

in diameter. . The spot was allowed to dry and an-

‘other drop superlmposed Two drops were generally

sufficient to be detected with ferric chloride/potassium
ferrlcyamde or diazotized para-nitroaniline. Tn all
five species the odthecal fluid exhibited a spot with
the same Rf value {0.76 to 0.80) as protocatechuic
acid. In addition, an unidentified substance A with
a slightly smaller Rf wvalue (0.67 to 0.70) than
protocatechuic acid occurred in all species, more con-

" spicnously in Ewurycotis floridana, Periplanete brun-
- nea, and Periplaneta australosiae than in Feriploneio

[Vol 55
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americana and Blatte orientalis (fig. 12), those spe-
cies previously studied. (Pryor et al. 1946, Brunet and
Kent 1955). -Brunet and Kent (1955) noted that an
unknown spot close to protocatechuic acid sometimes

occurred on chromatograms of oothecal fluid of

Pemplanem americana.

Change in the composition of the oothecal fuid
as tanning of the obtheca proceeds is illustrated in
Eur-ycotz's floridana (fig, 13). Fluid from an obtheca
during formation plainly shows protocatechuic acid
and the substance A as well as two spots correspond-
ing to those obtained with extracts of left collieterial
glands (fig. 9)." Presumably, the two lower spots are
the precursors of the two higher ones. Fhiid from a
completed obtheca not yet abandoned by the female

shows none of the precursor:substances and. little

of the substance A (fig, 13).
Odthecae of -other available species of oviparous

and ovoviviparous cockroaches did not readily yield
sufficient oothecal fluid for paper chromatographlc_

analysis. -

Intemctzon of Left and Right Gitmds cmd |
- Hydrolysis of Left Gland Extract. =~

Left and right glands were partially homogenized

in a little acetate buffer.or distilled water and in--

cubated at 37° C. for 2 to 4 hours, -Alternately,

ethanol extracts of left glan_ds were dried -and- in— _

Stay axp Rorr: COLLETERIAL GLANDS OF COCKROACHES

" luchuensis.
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_cubated in buffer solutions either with a right gland
from Euwrycotis' floridena  or glucosidase prepared
from Aspergillus uchuensis.  Dried left -gland . ex-

- tracts were also hydrolyzed with I w. sulfuric-acid -
at 120° C,, 15 pounds pressure, for 15 minutes.
- resulting

The
solutions were -tested paper chromato-
graphically. Before spotting on paper the solutions
of homogenized left and right glands were mixed with
one volume of 93% ‘ethanol; the. acid. solution was
neutralized, As controls, right glands and left glands
or left gland extracts were incubated separately,

TIn those species in which the left gland showed the
B-ghucoside of protocatechuic acid aad the unknown
GI-A, the interacted glands showed the unknown A.
The interaction of left and right glands of Swupella
supellectilium exhibited A and B (Rf 0.73 to 0.76). .
Sometimes a faint spot with an Rf value slightly
‘greater than those of protocatechuic acid occurred.

‘The same results were obtained when extracts of
left glands were incubated with right ~gland of
“Ewurycotis floridane  or glucosidase - of - Aspergillus
The right gland of Eurycotis floridana
incubated alone showed either no spot or.a faint

“one with a fower. Rf value than the spots resulting

‘from interacted gland and extract. The enzyme. solu—
tion showed no spot. -

Glucose was demonstrated paper chromatographl-
caily in the mteracthn producta__of _left gland .extract

- Table 2. Charactemstlc.s of colleterlal glands and oothecae of various cockroaches

Family
Subfamily*
Species

Disposition_of
ootheca doring
embryogenesis®

Source of
water during
embryogenesis®

! Left colleterial glancf
contains glucoside of .

Un- | Un- { Proto-
“{known| known i catechuic .
GI-A | GI-B | ‘acid .

- Color of

BLATTIDAE
Blattinae :
Blatta orientalis L.
Eurycotis floridons (Walker) .
Neostylopyga rhombifolia (Stoll) - -7
Periplanete americana (L.) ”
Periplaneta australosive (Fabr.)
Periploneta brunnea Burm.
Fetobiinae . . .
Ectobius pallidus (Olsv1er) R
Psendomopinae :
Parcoblatta pensylvanice (DeG )
Parcoblatta virgmice {Brunner)
Supella supellectilivm (Serv.)
Blattella germanica (L.} -
Blattella vaga Hebard
Blaberinae
Blaberus craniifer Burm.
Blaberus gigantens (L.)
Byrsotria fumigate Guérin
Epilamprinae -
Leucephaea maderge (Fabr.)
Nauphoeta cineren (Olivier)
Pycuoscelus suringmengis (L )
DIPLOPTERIDAE - - :
Diplopterinae
Diploptera punciate (Esch)

‘ Abandoned o

2

Odtheca,
. »n

- . Substrate
Undetermined -
Substrate

» Ootheca
Borne externa,lly Female .

Borne internally S
[eornt -

L . - Yellow

-obtheca

Dark brown

N

I
Vi

!
I

I
I

I
|

Light yellow
Yellow-tan

o

e

5

fue)

3

3
S A R

BEAE:
|

T
|
1

Light vellow

2 (Classification after Rehn (1951}, but not accordmg to his linear arrangement.

b Roth and Willis (1958)
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of Blaberus craniifer and right gland of Eurycotis
floridena. No glucose could be detected in either
when incubated singly. Extract of 20 left colleterial
glands of Blaitells germanica incubated with glu-
cosidase of Aspergillus luchuensis gave a dinitro-
salicylic acid test for reducing sugars (Sumner 1924)
corresponding to 0.35 mg. glucose .per milliliter;
whereas, the enzyme and left gland alone showed
0.14 mg./ml. and 0.07 ing./mf, respectively. Paper
chromatograms of the reaction products run in hu-
tanol: acetic acid: water or isopropyl aleohol: acetic
acid; water and sprayed with benzidene showed the
presence of glucose. The unknown substance from
extract of leit glands of Eurycotis floridana . was
isolated by paper column chromatography. The ex-
tract showed no glucose, whereas acid hydrolysate of
the extract showed a spot corresponding to glucose.

The absence of glucose in. the presence of .sub-
stance GI-A in left gland extracts and the presence
of both glucose ‘and. substance A in hydrolysate of

left gland extract suggest that Gl-A is a glucoside

and A is its aglucone,

) _C_'fmmctgrfistic._s‘_of the Unknowns

The unknown A and B and their glucoéides formed

blue spots on paper chromatograms sprayed. with
ferric chloride/potassium ferricyanide. 'When sprayed
with diazotized para-nitroaniline the glucosides Gl-A

and GI-B- appear rose-colored whereas A and B are

more orange. . : o .

Gl-A and A were located on paper chromatograms
under ultraviolet light (wave length peak at 2537 A)
as dark blae spots. - The glucoside of ‘A for absorp-

tion spectra study was obtained from extracts of left:

glands of. Eurycotis floridana oxr Byrsotria fumigata.
The glucoside of- B was obtained. from Supella
supellectilium. Extracts were run on paper using
butanol :"acetic acid: water as solvent. The unknown
glucoside ‘was located with ultraviolet light or by
spraying a small strip of each paper with ferric
chioride/potassium ferricyanide. . The strips of -un-
known were cut ‘out and eluted with water or phos-
phate buffer. Alternately, but less satisfactorily, the
unknown glucoside was separated by running extracts
on columns -of cellulose. The aglucone was prepared
by hydrolyzing the separated glucoside with ghicosi-
dase for 4 hours at 47° C. and extracting the aglucone
with ether. The ether was removed at fow tempera-
ture under vacuum, resulting in a light yellow solid
which darkened on exposure to.air. The datk brown

StTAY AND Rorm: CollETERIAL GLANDS OF COCKROACHES
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solid gave a bright red color with . concentrated
sulfuric acid. Solutions of the unknown in water or
buffer sclution were scanned from 3300 to 2200 A
in a 10-mm. cell of an automatic recording - Cary
‘Model 11 'MS spectrophotometer. The ' peaks  of
maximum absorption of the glucosides Gl-A and GI-B
are similar, In 0.1 1y phosphate buffer pIT 7.0 the .
maximum peaks of absorption of the glucosides GI-A
and GI-B is 2770 A. In ether the aglucones A and B
both have maximum absorption peaks at 2810 A.

" ‘Relutive Concentrations of Phenolic S ecrétz'om

of Left Gland -

. Since ‘darkly colored obthecae are produced by
species which do and do not elaborate the g-glucoside
of protocatechuic acid, the difference in color ‘cannot
be aseribed to the -diffevent nature of the presumed

precursors -of the tanning agent. One possible ex- -

planation in color difference might be a difference
in amount of phenolic material produced ‘relative to

-the protein,

- Left colleterial glands full of secretion were quickly
rinsed  in distifled water ‘and. spread ‘ona glass .
slide. “After drying at 40° C. for several days the
glands were put in a small weighed test tube, crushed
with a glass rod, weighed and extracted once with: 1
ml. -95% ethanol per 1.1 mg. of dry weight. Paper
chromatograms showed little else than the unknown
glucosides and the glucoside of ‘protocatechuic “acid.
The Folin-Ciocalteau colofimetric test (Lowry et-al.
1951) was run with 0.5-cc. samples from five different :
species.: The relative concentrations :of phenolic glu-
cosides - were ‘Periplancia  americane 100, ‘Supella .
supellectilivm 97, Blaberus craniifer- 21, Byrsotria
fumigate 19, and Leucophaea wmaderge 5.5. These
measurements would indicate that with the exception .
of - 5. supellectilium the coloration -of - the ootheca
(see table 2) varies with the quantity of ‘phenolic

-glueoside. - . S

That factors other than the c_oncenfrat_ion ‘of pheno-
lic material are ‘involved 'in ‘the coloration of the
ootheca. is suggestéd by the reactions of isolated left

colleterial glands of different species to a solution of L

authentic protocatechuic ~acid “or odthecal -fluid ‘of-
Blatta orientalis. 'Left colleterial. glands ‘were " in-
cubated overnight at 40° C., one-half of each gland
in 0.5% protocatechuic acid in 0.05M phosphate
buffer pH 7.4, the other half in buffer alone, Alter-
nately, portions of left colleterial -glands were kept

at-room temperature for 2 to 3 -days in a drop of -

. . EXPLANATION OF PLaT: 2 : : T LSRR

Fic. 9.—Ethanol extract of left colleterial glands of several oviparous species of cockroaches belonging to the
subfamily Blattinae, Fig. 10~ Ethanol extract of left coileterial glands. Fre. 11.—Fthanol extract of left colleterial
gland of a mantid (H), and extract of the acoessory gland of a grasshopper. (M), Fis, 12—Oé&thecal fluid from

otthecae of several speties of Blattinae.

F16. 13.—Oaothecal fluid of E. floridana;

(a) from an odtheca in the

process of formation; (b) a finished oftheca still carried by the female. Frc. 14—Fthanol extracts of colieterial

glands reacted with f-glucoesidase.

The chromatograms were run in butanol ; acetic acid: water and sprayed with ferric chloride/potassivm ferricyanide.
Pb, Periplaneta brumnea; Pa, Periploneta americana; Bo, Blaitia orientolis; Pau, Periplaneia australasize; Ef,
Burycotis floridana; Pp, Parcoblatta pensvlvanica; Ss, Supells supellectilivm; Bf, Byrsotria fumigate; ¥, Hievodulg -
. patalifera; M, Melanoplus femoretus; Pro, protocatechuic acid; en, glucosidase from Aspergillus luchuensis. o
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fluid. from odthecae of B. orientalis diluted with a
drop of phosphate buffer pH 8.0, and in buffer alone.
The glands in buffer alone remained white. In proto-
catechnic acid or ofthecal fluid, the left glands of
Periplanete americanae and Euwrycotis floridana be-
came dark brown: those of Leuwcophaea wmaderae,
Diploptera punctata and Pycnoscelus surinamensis
attained no more coloration than pink or dark pink.

COLLETERIAL GLANDS OF OTHER ORTHOFTERA

The colleterial glands of the praying mantids ap-
pear similar to those of the cockroach in the relatively
large size of the left gland and the small right gland.
Chromatograms of ethanol extracts of the left cel-
leterial -glands of Hierodula patalifera and Porg-
tenodera sinensis both showed similar spots when
sprayed with ferric chloride/potassium ferricyanide
(fg. 11). One spot corresponds to the B-glucoside of
protocatechuic acid in extracts of left gland of Eury-
cotis flovidana, the other spots have a smaller Ri
value than the unknown GI-A of E. floridana (fig.
11}." The right glands from these mantids hydro-
lyzed the glucoside in extract of left gland of E.
floridana, indicating the presence of glucosidase ‘in
the right glands of mantids. Extracts of the left
gland of the mantids H. patelifera and P. sinensis
were hydrolyzed with enzyme from Aspergillus
luchuensis.  Paper chromatograms showed,  in- addi-
tion to the spots of the left gland extract, two spots

with higher RF values, one of which corresponds to

protocatechnic acid. -

Ethanol extracts of the accessory gland and the
calyx ‘of the ovary of the two-lined  grasshopper,
Melanoplus femoratus, were also compared with left
gland extract of E. floridana. A spot corresponding
to the g-glucoside of protocatechuic acid was present,
and, in addition, two faintly visible unknown sub-
‘stances apparently different from the unknowns of
both mantids and cockroaches. Enzyme hydrolysis of
the grasshopper extract produced a spot correspond-
ing to protocatechuic acid.

These preliminary chservations would indicate that

- the colleterial glands of the mantids and probably the
calyx of the grasshopper produce compounds similar
to those formed by the coIIeter1al glands of .cock-
roaches
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