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ABSTRACT

Tissues of Ascaris lumbricoides (vériety gggg), the large
ro und worm of pigs, contain trehalose, & disaccharide composed
of two molecules of glucose. Hinces of various Ascaris tissues
were inqubated with Clhglucose to determine the site of trehalose
synthesis. Chromatogrephy and radiocautography were used to identify
Clutrehalose synthesized during the incubation period. It was
found that the reproductive tissues of both male ahd female Ascaris
possess & mechanism for trehalose synthesis. Intestinal tissue and
muscle showed no capability for trehalose synthesis under conditions
of the incubation. By incubation of Ascaris tissue homogenates with
commercial frehalose it was found that only intestinal tissue was
capable of hydrolyzing trehalose into two molecules of glucose.
The significance of synthesis and degradation of trehalose is

discussed with regard to the findings of previous investigations.
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I Introduction

ot Trehalose (1-(c<D gluédpyranoéyl)oiD glucopyranoside)
is a disaccharide composed of two mélecules of glucose. (See
fig. 1) It is chemically distinguishable from meltose by its
inability to reduce Fehling's solution and its ability to resist
hydrolysis in strong hot alkali. This compound was first isolated
from ergot in 1832 by Wiggers, and has since been found to have
wide distribution in fungi, yeasts, algae and bacteria. 1In
1956 trehalose was described as the primary sugar in hemolymph

of the locust, Shistocerca gregaria, and a number of other insects

(Hovwden and Kilby 1956). Fairbairn and Passey (1957) reported that
Ascaris eggs and tissues also contained this disaccharide. Investi-
gation of 71l species indicated that trehalose was present in a wide
variety of other Invertebrates (Fairbairn 1958). It was found in
protozoans, sponges, coelentreates, platyhelminths, entoprocts,
echinoderms, annelids, arthropods and molluscs. The amount of
trehalose in fourteen species of parasitic helminths ranged from
0-2.3% of tissue solids. Nematodes investigated, with the exception

of Ascaridia galli and Heterakis gallinae, contained considerably

more trehalose than glucose. Cestodes and tremetodes, on the other
hand, showed very low and approximately equal concentrations of the

two sugars. The one Acanthocephalan assayed, Moniliformis dubils,

contained large amounts of both glucose and trehalose.

Distribution of trehalose 1in adult Ascaris tissues was
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ietermined by ¥ailrbairn and Passey (1957). Createcst
guantities of this sugar were found in uterus and muscle
from female worms; 1.5 and 1.8% of tissue wet welght respec-
tlvely. Testls and seminal ves™lcle also contained am&unts
exceeding 1¥ of thelr wet weight. Trehalose comprised .5-.8%
of the wet welght of hemolymph, male muscle and ovary tissue,
but only trace amounis were found in intestinal tissue and
integument. Glucose concentration, however, was highest in
tissues wlth the lowest concentrations of trehalose. In-
testinal tlssue was particularly characterized by its low
trehalose and high zlucose concentration.

Major investigations of trehalose éynthesis and degrada-
tlon have been carrled out with microorsanisms and insects.
Cablb and Leloir (1958) described an enzyme from brewer's
yeast which catalyzed the reaction Urldine diphosphoglucose
~“4-zlucose ~6- phosphate-~——-=< > Uridine diphosvhate —4—
trehalose vhosphate. They found that theilr enzyme prepar-
atlons also contalned a phosphotase specific for trehalose
phosphate. Using fhistocerce zresaria, Candy and Kilby (1960)
discovered that trehalose synthesie was localized in the fat
body and that the pathway of blosynthesis (see fig. 2) was
similar to the one elucidated in yeast cells., Passey and
Falrbairn (1957) demonstrated that trehalose was synthesized
in embryonating Ascaris egms from the 10th to 25th day of
ineubation. They concluded from thelr balance studles of

lipid and carbohydrate carbon during this period, that degraded
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fatty aclds served =s carbon source for trehalose
synthecis.

“the enzyme tréhalnse which 18 responsible for hydrolysis
of trehalose has been described in microorganisms and in-
sects., Kalf and Reider (1957) were able to obtain a fractlon
with failrly specific trehalase activity from homozenates of

3alleria mellonella larvae., Turther purification and

‘characterization of this enzyme has been carried opt by
Friedman. A4 1,600 times purlfied preparation from Phormia
rezina was specific for trehalose hydrolysis, had a pH optimum
of 5.6, and a temperature optimum of 45°C, 'The t'ichaelig~
Fenten constant was calculated to be‘6.7 b'e 1o-gnf?%kdnuvv1m“2
Although considerable work has been done on the path-

ways of carbohydrate metabollsm in adult Ascaris lumbricoldes,

trehalose synthesls and degradation have not been investi-
sated. The purpoce of the present study was to determine
which tissues of Azcaris rossess the capaclty for synthesis
of trehalose from glucoéé. Feirbalrn (1960} sugsested that
conversion of glucose to trehalose 1n intestinal cells
might cerve to malntain a favorable concentration gradient
for absorption of glucose from the intestinal lumen. The
potential of mut tissue for trehalosze synthesis was, there-
fore, of speciel interest. A gecondary roal was to determine
which tissues rmizht show trehalase zctivity.

In an attempt to ansver the first cuestion Ascarils
tlesue preparations were incubated with ClAglucose under a

variety of conditionse. The presence of Cl4trehalose in
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incubation media or extracts of incubated tissue was used

as a criterion for trehalose synthesis. Incubation of tissue
preparations with commercial trehalose and subsequent assay
for inecreased glucose concentration served to determine

“trehalase™ activity.



II Xaterials and lMethods
A« Procurement and landling of Ascaris

isecarls were collected from fresh hogz intestines at
a local packing company. They were transported to the lab-
oratory in Erebes-iinger's salt solution buffered at pH7.2
with Tris(hydroxymethyl) amino methane-maleate (10mM.).
The temperature was maintalined at 37°C by use of a fiberglass
Insulated vessel. After arrival in the laboratory worms were
allowed to equilibrate in fresh buflfered Krebs-Ringer's salt
solution for one hour at 37°C and were used within the hour
following equilibration. Total time between collectlon and

use of the llve material 4dld not exceed three hours.
Be Freparation of ¥aterial for incubation

thole worms were used following a brief rinse in

Krebg-Ringer's salt solution. Usually worms were dilssected
and the various tlssues rinsed in Kreb's iinger's saline to
remove perienteric fluid. The tissues were then blotted on
a plece of hard filter parer and placed in dry, 1ced petri
dishes until sufflcient materlal was collected. vel welight
of tissue was recorded. In some experiments whole tissues
were used without further treatment, for others, mlinces and
homogenates were made. The tissue was elther cut into 2-5 mn.
pieces with a csclssors or homogenized in a Tenbroeck homo-
menizer (Corning) which was kept in en ice bath during homo-

senlzation. Muscle tlssue was occaslonally minced in a Jerval
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omnimix prior to homogenizastion. Suspending media for
homorzenizing varied among experiments and each 1s indlcated
with the experimental results.

Perlenteric fluld was collected by chilling the worms
in an ice bath for 2«5 minutes, suspending them over an iced
beaker and making a small slash in the posterior third of
the body. This permitted body fluld, uncontaminated by tissue,
to drip into the cold beaker.

For determination of "trehalase" aetivity, tissue was
prepared according to the method of Frledman (1960). Twenty
percent homogenates were prepared in 0,05 K Tris HC1l buffer
pH 7, strained through three layers of cheese cloth and cen=-
trifuged (1,300 x g) at 5°C for 15 minutes. Particulate
fatty material was removed from the supernatant by nouring
it through a layer of slass wool.

In one experiment female reproductive system homogenate
and 50 percent.perlgnteric fluid were centrifugzed for 60 min-
utes at 25,000 x  In the high speed head of the International
refrigcerated centrifusge. Allquots of sﬁ@ernatants from thls
centrifugation were dialyzed for 12 hours against 16 1liters
of 10°C delonized woter. Halysates were recentrifuged for
60 minutes at 25,000 x g. The pellets from the two centri-
furatlions were-resuspended in 5 wl, of cold distilled watser

and assayed with the two supernatant fractions.
C. TIncubatlon with C1* Glucose

Uniformly labeled glucose ol was obtained from California
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Biochemical Corporation and New *ngland Xuclear Corporation.,
The two samplee were diluted to contaln 2 pe/ml. (.0665 nk/ml,)
and 1 uc/ml. (1 p¥/ ml.) respectively. Incubntlons were
carrled out in Warburg flaske of flve or ten milliliter
capacity. The flaske were maintalned at 37°C and constantly
sitated during the incubation period. For anaerobic in-
cubations, flasks were gassed for ten minutes with 959 Ny 5%
CGp after which Cl4glucose was introduced from the slde arm.
Aeroble incubations were run in flasks under z2ir. OCne milli-
liter of Krebs-Ringer's blcarbonate solution,pd 7.4 or pH 6.4,
wag used as a suspending medium for 80-430 millirsrams wet
velght of tissue mince., Ferienteric fluld was incubated with
Cl4 glucose without further dilutlion or, in one case, after
50 percent dilution with delonized water.
Incubation was generally for 60 minutes after the addition

of zlucose. Reactions were terminated by addition of 13-2
volumes of 95% alcohol. Minece preparations were then centri-
fuped or filtered and the tissue extracted with 50% aleohol
for at leart 24 hours. Both the supernatant fluid and the
tlssue extract were retsined for chromatorraphy. In some

cases the supernatant £luid from the reaction rixture was
decanted before the addition of alcohel, frozen immedlately
and later lyorhilized. Alcohol-treated homogenate preparations
were centrifused briefly and pellets washed with 50 or 704
alcohol, The two sumernatant fractlons constituted the

sample for chromotosmraphy.



Control incubzations were run simultaneously usling
tissue or honmorcnated previously boiled for three to five
minutes, Zero time contrels were also uesed. In these,
the aliquot of 959 alcochol was added to the reaction mixture

before the tiscue.
De Incubation with Trehalose

Aszays for trehalase 2ctivity were performed with homo-
cenates of fresh and frozen Ascaris mut, muscle and repro-
ductive tissue prepared as previously stated. XHeaction
mixtures sre shown in table 1.

Incubations were carried out aerobically at 37°C, Re-

jrel

ctions were storped ofter 50 Qinutes by the addition of

1 ml. of BaCil with arltation, followed by 1 ml. of neu-
tralizing ZnZCy. The tubes were contrifured until clear

and "Glucostat" used to determine the amount of mlucose in
several dilutions of alicuots of the supernatant. "Glucostat™
(vorthinzton) contains glucose oxidase, rperoxidase and a
chromoren, o-dianisldine. The quantitative determination

of r~lucoce 1s based on the following reactions.

glvcose oxidase

glucose+O,+H,0 = H,0,+ gluconic acid
H.0, + vedueed chromogen peroxidase ovidized ?hrg)maqen
olore

Four‘ml. of r~lucose oxidasechromosen mixture were used for
each 0.5 ml. samnle. Thess wére incubated for 30 minutes at
359C and the reaction was stopped with 1 drop of 6N HCL
followed by aritation. The color was assayed in a Klett-

“ummerson photo-clectrie colorimeter. Stondards contalned
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6.25, 12.5, 25,0, 80.0, and 100.0 micrograms of slucose.
No difference was noted between zlucose standards incubated

and treated with Ea@ﬂEZnSOQ and untreated standards.

Ua

ent of Samoles

§

e cubseguent Treat

s

1. Drying

Zupernatant fluid and alecohol extract sarnles were
usuelly vlaced in 3C ml. beakers and evaporated to dryness
in an alr current under a hoed ot a temperature of 40°C. To
chieck this method 2 number of samples were Trozen on dry ice
and evaoporated in vacuo over concentrated sulfuric acld.

The wwo drying methocds produced tihe same resulis. DReakers

containing dry samples were covered and stored in the freezer.

wd

2. Desalting

Chromatorranhy of non-desalted samnles was impossible.
An attenpt was made to desalt electrolytically using lon-
exchange membranes but thls method was not satisfactorye.
Combinatlions of variocus lon-exchanre resing were tested,.
Double columns of Jovex S0(H form)-Amberlite IR 45 (CH form),
Jowex 50U (U form)- Dowex 21X (CH form) and single columns
of Amberlite M2 1 and ¥I X were evaluated for theilr capaci-
tles in salt removal and ~lucoge retention..ma X, a bulk
resin, presumed to be a2 mixture of strongly acldic catlon
xchanser and weally basle anion exchanser, proved most

satlisfactory and was used te desnlt =211 samples clted,

.
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A combination of the slurry and column method increnced the

deszlting efflclency. One milliliter of water and about

.05 1n? of mixed resin were added to dried samples. Zlurries

were asitated frequently over a 15 mlnute period and then
poured into 3/8 inch columns of Pyrex tubing containing one
inch of the same recin. £Six flve-milliliter alicuots of de-
ionized water followed each slurry and the effluent was

cellected and evaporated in 30 ml. beakers.
3. Chromatosraphy

After some experimentation with standards of glucose,
trehaloce and slucose-S5-rhosvhate, it was determined that
descending chromatography utllizing n-propancl, esthyl acetate,
water (7-1-2 by volume) (Zaar and EBull, 1953) produced the
best separation. Turther separatlon of the three standards
could be zained by using a second dimension of ethyl acetate,
pyridine, methylethyl ketone, water (50-36-36-30 by volume).
For one dimensiona; chromatosrarhy, sraduated five and
twenty-five microliter vivettes were uced to apply szamnules
previously redissolved in 25-100 microliters of deionized
water. Whotman 41 flilter paper sheets were cut to 8 x 17
inch size and marked.(see filg.3%) Hultiple aliguots of about
0.5 wmicroliter were apnlied to the game spot; each aliquot
vae driled wlth 2 halrdryer before applying the next aliquot. .
Hesulte Aid not depend on the gpot dryinsg method. Chromato-

srame on which the apnlications were allowed to dry wlthout
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treatment appeared eimiler in all resrects to those on
vhich the hairdryer wag used. If the redliesolved sample
wags of thick consistency or the chromaﬁogram was to be used
for elution, the spetting was done according to the method
of Diwler gt a2l. Tive or ten allguots of a samrcle, about
2 microliters each, were applied in a row of spots about
% mme. apart alonz the origin line. 7This type of aprlication
was advantasgeous vhen 1t was deslrable to separate a large
amount of sampnle on a limlted amount of paper. A mixture
of standard ~lucose, trehalose and zlucose-6 or slucose-l-phos-
phate was applied at one or two sites on the orisin line.

Yhen all camnle and standard spots were dry, the Tolded
ends of sheets (see Tir.3) vere placed In troushs suspended
in cnromatorraphy cabinets. A pyrex dish containing 150-20C ml.
of solvent was nut in to saturnte the chamber, the troushs
filled with the remaininy solvent and the cablnet closed.
Alfter 24-3%6 hours chronatorrams were removed and dried at

room temperature.

vhatmon ¥ 1 filter paper of the same eize wag utilized
for two dimensionzl chromatocrams Ten to Tifty microliterc

of samples, previcusly dissclved in 25 to 100 microllters

of 2x10™ %y trehaloce colutlon, were appllied at 2 point on
the ori~in line one inch from the left marsin of the paper.
Jezeending chromatorraphy was carried out as described above.
ATter sheets were dry they were stapled into cylinders so

that the previous origin line was parallel to the axis of the
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cylinder. These were placed, left side down, into about

1/2 inch of solvent. Usually within three hours the solvent
level had reached a height of seven inches and the cylinders
were removed and dried.

Varlous rearents for carbohydrate color development were
tested. Periodic acid in acetone followed by benzidine in
zlacial acetle acid and acetone (Jordon, et 21.,1956) worked
vell in detectins standard samples of trehalose but was not
satisfactory when used on chromatograms of experimental
gsamples. The most useful detection method was that of
Trevelyn, Precter and Harrison (195C). Chromatorrams were
dipped into a solution of silver nitrate in acetone (0.1
milliliter of saturated aqueous A3K03 to 20 milliliters of
acetone plus enough water to dicsolve the precivitate).
After drying at room temperature, chromatozrams were sprayed
with NaOH in ethanol (2 milliters of saturated acueous KaCH
per 100 milliliters of 95% ethanol). <lucose, trehalose,
and most of the sumar phosphates appear as yellow to brown
spots as do many other non-carbohydrate reducing substances.
The sreatest problem, the rapid darkening of the sprayed
chromatosrams, was solved by tracing the spots immedlately
after thelr visuallzation. Cenerally chromz2togsrams were not
treated wlith silver nitrote until they were asnalyzed for
radioactivity because silver impregsnation decrencsed the
amount of detectable radiation emltted from the filter

paper. If treated chromatorrams were not to be used for



further analysis of radloactivity, thelr color was preserved

~1

by dipoins them in & ¥ RHLCH (Trevelyn et al.) or Ansco
llguafix and rinsinz them for several hours in running

vater. Thls prevented further fadingz but tended to comnlete-
1y remove the coleor from faint spots.

Detection of surar vhosphates was carried out by the
Bandurski and Axelrod (1951) modification of the Haynes-
Isherwood technicue. Haynes-Isherwood reazent ( 1 zram of
armmonium wolybdate, & ml. water, 3 ml. concentrated #Cl, 3 ml.
of 707 perchloric acld mixed and diluted to 100 ml. with
acetone) was sproyed onto chromatorirams. These were driled
at 85°C and then exposed to ultraviolet lirht (3.3. rorpi-
cildal) a2t a distance of 10 em. until blue phosphate spots
were clearly visible.

4, Hlution

The method proposed by Mimler gt al.{1952) was used to
elute materials from chromatorrams. Samprles designated
for elution were spotted in several serics of two microliter
aliguots. The usual method ig shown in fiz. 4. Cne di-
mensional chrematorraphy was carried out as previously
indicated. ‘then the paper wae dry 1t was cut into three
parts (see flr. 4) and Trevelyan's method uced to develop
the color in parte I gnd 1L, Fart II was then cut hor-
lzontally into four sections depending on the levels of the

compounds on parts I and III, (see fiz. 5) If eluates vere
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to be counted on the flow counter (see assay of radioactivity)
ten microliters of the sample were spotted in two microliter
aliquots onto a separate piece of paper 1 x 3 in. (fig.4)
This was not chromatographed but was eluted with the chro-
matogram strips to give an indication of total activity.
Stralght ends of strips to be eluted vere clamped be-
tween edges éf‘pairs of two lnch glass équares and these
fastened together with chromatography clips. (fig. 6) The
double squares were placed'in the elution tray, leaning
against the edge so the paper strips hung directly:over
collection vessels below. Boiling water was poured lnto the
bottom dish of the aquafium fitted as an elution chamber
(fig. 6) and a glass plate, in which a small hole had been
drilled, used to seal thls chamber. UWhen the chamber was
fully saturated, the plug was removed from the hole in the
1id and distilled water poured through a funnel into the
elution tray. water traveled between the vlates, dovn the
paper carrying all water soluble materials to the point of
the strip and finally dripped into‘the containers below.
In four hours about twelve drops of eluate were collected.
Tests with glucose indicated that 95-100% was eluted in four
hours. Eluates to be hydrolyzed were collected in teflon
watch glasses and those to be counted with the flow counter
and gubsequentiy rechromatograpvhed were collected in 30 ml.

beakers. All eluates were dried as previously mentioned.
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iydrolysis of eluates followed by chromatomraphy of
hydrolysates was used ag a check on their composition. A
modificatlon of the method of Porter and Hoban (1954) was
found to he most satlefactory. Fvaporated eluates on teflon
sateh zlacses were dlssolved in 25 mleroliters of 1 K HCL,
This was taken up in carillary tubes which were then sealed
on both ends. The tubes were bollsd for twe hours and the
hydrolysates srottsed directly from the pulled and broken ends
cf the capilllaries onte Vhatman #1 filter paper. Chroma=-
tosraphy =nd color development were carried out as pre-
vicusly mentioned.

It was determlined durlng trlal hydrolysls of standard
sam~les of trehalose that 1 @ HCl at 100°C for two hours
would hydrolyze 90-100% of samnles equivalent in welght to
thoase 1llkely to be encountered in eluates. It was also found
that 25 microliteres of acld added to an eluate dried on a
teflon wateh rlags would permlt removal of most of the sample
to a capillary tube. Cfecond aliguots of acld added to the
wateh zlasses contained no carbohydrate detectable ty chro-
mntosraphlic methods. Contrels for hydrolysis were samnles
eluted freom the came strips hut redissolved in water rather

than acid.

1l. Uirlp Counting

The distribution of radioactive compcunds on one dimen-
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ional chromatomr-ms wae analyzed by uce of a strip ccunter

[¢]

(Actirraph II, ¥uclear-Chicaso) combined with an analytical
count rate meter and a rectllinear rccording wmilliammeter.

A scanning speed of three inches per hour, sensitivity of

1 second, slit width of 1/8 inch and maximum scale of 300
counts per minute was the combination of sett™ings generally
found most satisfactory. Pecause of the wany vsriables in-

volved in the absorption cof radiation by the paper, data

!

cbtained were not cuantitative. 'The advantace of strip
counting was the relatlive speed 1in determining which sets

of zamvles should be selected for more thorough investization
by radloautorrashy and elution. The presence of a peak of
radloactivity corresponding exactly to the trehalose svot

on the chromatorram was consldered to he a tentatively

positive result Tor trehalose evnthesis. The disadvantare

of this asgsay method was the totzal dependence of identification
upon trenalose standarde and equality of the dimensione of

the chromatozram strip a2nd the geanning record.
2, Countins of Eluates

“luates frow svecific areae of one dimensional chro-
m2torsrans, obtained and drled ns mentioned under elution,
were redissolved in 5 milliliters of 707 alcohol. Aluminum
vlanchets were wached in 957 alcohol and dried before re-
celving C.5 nl. of ench sample. Plated samnles were then
dried under a heat larp and counted with 2 model D47 Nuclear-

Chica-o ras flow counter. The remainder of each discolved
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eluate wae rechromatorradhed to verlfy its identity.

3. HRadloautosrapny

The technigue of "finrervrinting"

as desecribed by
Roberts st al (1955 )was used Tor trehalose ildentiflcatlon.
This method involves the exact correspondence of radloactiv-
ity locallzed by radlosutography with a known spot on the
radioautogravhed chromatogram. A kﬁown epot is vroduced by
the additlon of a larrse cuantlty of the compound to be iden-
tified to the sample before chromatosraphy. In this case
trehalose was to be identified eco 129-755 microrsrams of
trehnloze ware added to each sample. Two-dimensional
chromatozrams of these samples were stapled onto sheets of
Ansco non-gscreen X-ray film and kept in cealed envelopes

for six to ten weeks. At the end of the exposure time the
{~ray fllms were developed and the chromatozrams treated
with silver nitrate and NaCH. It was noted that chromato-
rams which had been starled to “-ray film for long periods
often rezcted in a peculliar manner when silver nitrate wes
arplied. Larre dark areas appeared which obliterated carbo-
hydrate spots. Cn gome occnglona color development was
ecarried out =2nd tracincss made of the chromatorrams before
they were radloautorraphed even though thls necessitated
ionger exrposure times.

¥hen the outline of an exvosed arez on the X-ray Tilm

could bve matched exactly to the outline of the known trehalocse
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anot on the chromatozram 1t was regarded as a positive
result for trenhalose synthesis in the =ample.

te Protein Deterrination

Proteln content of homorenate preparations was de-
termined by the method of Lowry et al (1951). Five milli-
liters of 5% trichloroacetic acld were used to precipitate
the protein in each .% ml. sample. 7The resulting precipi-
tates were redissolved in one milliliter of 1 ¥ NaCH end
three dilutlons msde. Five milliliters of alkaline copper
solution (50 ml. 2% HaCO3 plus 1 ml. .59 CuSO4.B5H20 in 17
sodium tartrate) were added to 1 ml, of esach dilution.
After 10 minutes, 0.5 ml., of Folin phenol reasent (1.0 K
phenol solution) was pipetted into each tube and lmmedlately
mixed with the samnle. Thirty minutes after the addition
of the Folin reagent, resulting colors were read using a
Klett-Summerson colorimeter fitted with a 660 mu filter,
Zight concentrations of plasgma albumin, between 4 micro-
grams/milliliter and 500 micrograms/milliliter served as

standards.
H. Dry VWeight Determinetion

After alecohol extraction, tissue was transfered to
tared foil pans and dried at 100°C for at least 12 hours

before pans were reweighed.
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III Experimental
Aa Incubatio?s of Ascaris and Ascarlis tissue preparations
with Cl%xlucose

1. Res=sult of gnaeroblce incubations of whele jigcarls
with c¥z1ucose T

Two immature female and two male worms were incubated
anaerobically with 9C ug of Claglucose (o208 pe.) in 5.5 ml.
of Krebs Ringer's bicarbonate buffer pH 7.4. Both incu-
bation media and alcohol extracts of the incubated worms
were chromatographed and assayed for radiocsctivity. “vidence
for Clatrehalose wag lacking in these samples.

2. nResult of anzerobic incubations of Ascaris tissue
minces with C+%glucose

Ascaris musecle, ovary-oviduct, male reproductive system

and «ut minces were incubated with 014

mlucoece under anseroblc
condltions, Results of these experiments mre recorded in
table II. GExperiment I was carried ocut at pH 6.4 and zero
time controls used. Strip countings of one-dimensional
chromatograms indicated that radiocactive trehalose was present
in both the incubation media and alcohol extracte from ovary-
oviduct vrevaraticns. (fiz. 7) Fusecle, nut and control
samples were negative. Hadloautograrvhy of twoe dimensional
chromatograms confirmed the identity of Cl4trehalose in the
ovary-oviduct inecubation media. (fiz 8) An area of weak

radioactivity on radloautograms of incubated ovary-oviduct

alcohol extracts could be matched with trehalece in one
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gamnle bul not in the other., This was also true of
radioautorrams of chromatosranhed muscle nince incubation
media. Sample 190 was weakly positive for radloactive
trehalose while samvrle 191 was negative. All gut samples

were negative, however an unidentifled area of activity

motilitv _of x
motllity of glucoce

wag noted on alcohol extract chromatograms.

= 1.68 in the deescending solvent)

(Rg or

sxperiment II was carried out at pH 7.4 and minces
previously boiled for three minutes were used in control

incubations. Ctrip counting and radioautography of chromato-

V]

rams from heat treated preparations and csut samnles gave

no indiecation of radiocactivity from 014 trehalose., In-
cubation media from both ovary-oviduct and male reproductive
tlssue imince preparations showed approximately ecual ac~

9)

tivity in cMzlucose and cl¥trenalose. (fig.
cld

The pres-
ence of trehalose was not noted on strip countings of
chromatograms of tissue extracts from these incubations.
Tracinzs obtained by counting one-dimensional chromatograms
of incubatlon media and alcohol extracts from muscle prep-
arations showed peaks of radioactivity corresponding to
trenalose. After radloautocrapny of two-dimensgional chromato-
grams 1t was observeithat, although trace amounts of 014
trehalose were present in the incubation media, the activity
of the alcohol extract was due to an unidentified comrvound.
The third exvperiment was also carried out at pH 7.4 but

larcser tissue samnles were used.(see table II ) %“hen ali-

quots containine 17 of dried incubation media samples were
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chiromato-raphed, strip countings showed asctivity in the
trehalose areas of male and female reproductive system
samples. (fig 10a) Tracinzs of chromatograms of 57 ali-
quots, however, =zave indication of trehalose activity in
the musecle and glucose control camples as well., No activity
wag detected ln the trehalose area of gut sample chromato-
grams. Aliquots of eluates from thg trenalose areas of
Temale and male reproductive tissue incubation medium
chromatozrams had respective activities of 819 and 337
counts/minute above the count of similar eluate from the
glucose control chromatozram. The activity of the trehalose
area eluate from the chromatorram of muscle incubation
medium was 123 counts/minute above the control count. The
eluates from trehalose areas of chromatosrams of zut and
glucoge control samples were approximately equal in activity.
Hydrolysis of eluates from trehalose areas provided
further evidence for the identity of the radlioactive
material. GStrip countinsrs of chromatographed hydrolyzed
eluates from male and female reproductive system samples
showved a decrease 1n activity of the trehalose area to
background level and a corresponding increase in glucose
erea activity. ©No other significant areas of radloactivity
were noted after the hydrolysis. (fig 10 b-c=d-e.) A
silver nitrate reactive substance (Rg = ,44) appeared on
chromatogsrams of hydrolyzed samples. The activity of this
area vas not above that of controls (fig. 10 e) A small

increase in glucose activity after hydrolysis of trehalose



22,

arasn eluate Trowm the ~ut somple was eculvalent to that of
the control. Similar eluates from muscle incubation
mediwn chromatorrams shoved sreated incresses in radlo-
actlve glucose aftsr hydrolyasls, but activity in the non-
hydrolyzed eluate was not loeated in the trehalose area,

Aadioautographs of two dlmensional chroma2tograms of
male and female revroductive system incubatlion media demon-
strated excellent correspvondence of radiocactivity and
trehalose épots. (fiz.11) Low level, diffuse activity
was indicated in the gmeneral trehalose area on radio-
autographs of zut, wuscle, and glucose control samples,
but tnis activity did not correspond to the well defined
trehalose spots on the chromatogram,

3, Result of Aerobic,Incubations of Agearis Tissue

¥inces with C1% glucose T

A preliminary experiment was performed in which
muscle, female reproductive system and male reproductive
system tlssue minces were incubated with ol zlucose. The
suspending medium for each samnle was one milliliter of
Kreba-Ringer-vicarbonate buffer pH 6.5 to which C.5 ml.
of 5 x 1072y ¢i* glucose (1 pe/ml.) was added. Etrip
countings of chromatographed muscle incubation media showed
no 014 trehaloce. Male and female reproductive tissue
medla samples vere also negative for Clhtrehalose. They
dld, however, show actlvity in an unidentified substance
of mobllity slightly less than trehaloze.(Rg trehalose .695,

Rz unknown .555)
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uridine diphosphoglucose (UDPG) and 0.2 ml. 2.5 X 10™2y

Tris (hydroxymethyl) amino methane maleate buffer pH 6.6.

Tiecsue preparations bolled for three minutes were used

in control incubations. After samples webe processed and

chromatographed, strip countings and radioautograms were made.

Although several radioactive comprunds were formed, 014

trehalose could not be identified in the incubatlon samples.
Two miliiliter aliguots of muscle, female and male

reproductive system homogenates (20%,in Krebs-Ringer's-

blcarbonate pH 6.6) were 1ncgbated anaeroblcally with Q.1

2 4 ATP, 0.1 ml. 1.8 x 10°2 M UDPG, 0.5 ml.

ml. 2 x 10
5 x 1072 M (1 ype/ml.) Cl4glucose, and 0.2 ml. of buffer.
Bolled homogenate controls were used as in the previous
experiment. Strip countings of chromatographed medla from
both experimental and control incubations showed pesks in
the trehalose area but radloautograms of samples chromato-
graphed two dimensionally gave no indication of the
presence of Clhtrehalose.

A second anaerobic experiment utilized only 15%
female reproductive tlssue homogenates. Two typres of pre-
parations were made; one in Krebs-Ringer-bicarbonate pH 6.6,
the other in delonized water. 5Since it had been noted in
previous experiments that heat treated homogenates often
gave rise to samples wilth scattered activity, allquots
of each homogenate were boiled for two mlinutes or ten minutes.
A portion of each homogenate was also frozen to be incubated

later. The results of incubations using bolled homogenates



weres compareﬁ to those af'ngagbci}ei frozen and tri-
chlaro#cétic acld nfﬁbinitaiéd Bre*aQatibﬁE» (table il ),
The only chromatcwraws shﬁw&nh aotivity ne;r thq trehalose
srea were thoze of tha untraateﬁ-and frozen tomozenatos.
Further investigmtlan indleated, however, thot thls pesk
wae rot caueed by €1 t qulo$e;:'Several osiciler penks of

redloactivity cerrasponding to unidentifiasd compounde

apraared on chromatograneg of lncubation medlia freos heat
treated, frozen and non-treated homogenate aawplez. One of

these also appeasred on trichloroacstic acid oreeinlitated
control and zlucoze contrel chrecmatongrams. There were no
major di{ferences in aétivity dlistribution on chromatograms
of incubation medi& froﬁ untrented and frozen homogaenates,

%. Result of Incubation of Agearis Perlenteric Fluid

&ifh C+a1ueoan

Aeroblic incubations of S0% perilsnteric fIluid and
products of high speed centrifuzation and dialyeis of this
fluld were carried out at pH 6.5. The reaction mizture we.s
identleal to that of the aarobic Ineud atlan'of fomale re-
productive system hamogenat%<\(nmge 23). As far ag could be
ascertained by atrip counting and radlosutozraphy, no cl4
trehalose was formed dufing %ﬂ#’Af”ﬁhééé_iﬂauhaticna. vhen
undiluted per *vltﬂrjc fluid wma i 1eubated ﬁiUM 014glucoge

anagrobleally, 91 11 resulls waere obi ainvd.
Be Incubations of Asesris Tlesus Freparations with Trohalose

Asenys for treshglase sctivity were performed on four
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dilutions of wmuscle hemoge nate (OQU, 104, “ﬂ,f.aﬁ) and on
vo dllutions of frozen mugcla homogenate (207, 4%), All
vere negative, Elgilar asaayé.of fﬁ%sh and frozen reproe-
ductive tlessue were aleeo negaiive.‘ ¥ith gut howogenates,
however, bthesre was rv1“ence of gP“ﬂ&]Od“ hydrolysis during

#ixty minute incubatlons thb tronalose. (tadble IV)

Irehalsse sctivity was coleulated to he 088 ul of tre-

”~

helose hydrolyzed/mg. protein ar. for 207 frosh sut homo-
genate and 0,108 ul for the diluted preparation. Frozen
gut honmcgenates exhlblied over alx times the activity of

tne non~frozen preparation. Lectivity of 2C% frozen gut
homogan@tes was 0.54 ud¥ of trehalose hydrolyszed/ mg. protein/

ar. and that of lhe dlluted (4%) howogenate was (.87 uM.



IV Dlscussion

Date obtained through snaerobic incubation of Accaris
tissue mirces with Cl#glﬁédéé indicate that both male and
female reproductive tissuss possess tﬂe enzymeg necessary
for synthesls of trehalose from glucose. There was little
evidence for trehalose synthééis*in musele tissue and no
evidence for its rormaiién in intestinal cells or hemolymph.
Limited experimentation p:ecludes.conclusion that in vivo
synthesis occurs only in reproductive-tlssue., However, it
does ndt seem#likely tﬁat 1n£éstinél tlssue ecerves in this
capacity. W¥ata sre compatible with Fairbairn and Passey's
analysie of trenalose and rlucose distribution in Ascaris
tissues., They found that trehalése was most abundant in
reproductive tissﬁg and in lowest concentration in intes-
tinal tissue, while glucose had an inverse distribﬁtion. 
The high glucose and low treshalose content of 1nteetihal
tigsue ond the inebility of thils tisrue tc synthesize
trehalose under condltions which were satlslectory for
aynthesis in reproductive tiesue, sugrest that rapld con-
version of glucose to trehalose in gut cells is not a
mechaniam for glucese absorption from the gut lumen. By
ineubation of gut sacka filled with Claglucose solution
and ananlyasis of média and tisesve extracts fer Clatrehalcse
more conclusive evidence might be obtained. Fisher (per-
sonal comwunicatlon) has recently shown that glucose is
the compound appearing on the anti-luminal side of gut

tissue durlng gluccese abzorption,
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The actifity”éﬁlfemale reproductive tissue is not
particularly surprising. Fairbalrn and Passey reported
that trehalose constituted 7.9‘*11.2f of decoated unem-
brycnated egg solids., Considering data obtained, it seems
plausible that trehalose is synthesized in ovarlan tissue
and incorporated into the egzs as they are formed. Sig-
nificance of the synthesis in male reﬁroductive tissue,
however, will femain an enigma until Ascaris sperm have
been analyzed more comdletely.

The absénce of trehalose synthesis 1n houwogenate
preparationg of revroductive tissue probably indicates loss
of a labile factor during homogenization. Incubatlons of
homogenate with an ATP generating system and further ex-
perimentation provlide a starting point fér purification of
the enzyme system (g).

- Despite reported high trehalose content of female
Ascaris muscle, only traceé amounts of the disaccharide were
formed during incubation of muscle minces in 014g1ucose.
Zither trehaiose is transported by the hemolymph from the
siﬁé oflgyﬁpﬁﬁgig:pgithé musb}e Qr 1t 1is synthesized in
muscle uﬁder conditions not duplicated by the incubation.
Clegg and Evaﬁé'(196l) found that flight muscle of Fhormia
remigglpad little capagity-forktréhalose synthesels and that
blood piayed a mgjor :Qlegiﬂldistribution of trehalose
formed in thé fat body. 1Fﬁrtﬂer experimentation might
demonstrate that a para}lel giﬁuation pertains in Ascaris.

Differential effects of meroblc and anaeroblc con-

ditions on trehalose synthegis are nct indicated by data
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obtained. Radiocautograms from two experiments at pH 7.4-7.6,
differing only in presence or absence of air from reaction

vessels, were qualitatively similar in all aspects. Results

from another set of experiments, these carried out at pH 61h06.6,
were.not comparable. These aeorbic samples contained a large
'percentege of.aétivity.in an unidentified coméeund which was

not present in anserobic samples. In vivo synthesis of trehalose
most certainly occurs_ﬁnder conditions of low oxygen tension.so‘.‘
that it might be consideredvthat'anaerdbic incﬁbations more closely
approximate the normal situation.

The distribution of "trehalase" ectivity presents an
interesting problem. In insects trehalose serves as an energy
source and muscle is the érimary locus of iﬁs degradatioh. Asearis'.
‘muscle, howevelr,': d1d not exhibit this ac{;ivityf Data indicated tre-
"halase activity in Ascaris intestinal tissue. If is poasible that
the enzyme causing this hydrolysis is a digestive enzyme of wlde
capabilities ‘for carbohydrate degradation. Further testing and
purification of this activity would indicate whether a specific
trehalase ﬁaslﬁreeent in the iﬁgestinai?tisege.:i?ﬂe‘activation
Aby‘freezing'end increased ae%ivi%yAie;diieeefﬁreée;ations merits
further study.. . i . | _ .‘ o

Passey and Feirbairn (1957) demonstrafed that trehalose dis- -
appeared in embryonating eggs between the first and tenth ‘

day of development. Trehaipse'metabplismnis pOseibly more
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irportant during embryonic development than in adult Ascaris.
adminlstration of Clatrehalose to adult worms and assay of
‘tissues for labeled compounds after a period of incubation

might provide additional information on trehalose metabolism,
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V Summary

1. Incubations of musecle, intestine, male and female

reproductive system tissue minces snd hemolymph of

adult Ascaris lumbricoides with Cl%zlycose and sub-

gequent assay for Cl#trehalose demonstrated that only
reproductive tlssue was capable of synthesizing
trehalose under the experimental conditions,

2. No Clatrehalose was synthesized when tlssue homogenates
were incubated with Clqglucoge.

3. Muscle and reproductive tlssue homorenates did not
hydrolyze trehalose. TFresh and frozen gut homogen-
ates, however, hydrclyzed 0.105 and 0.67 u¥ of

trehalose/ mz of protein/ hour respectively.
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TARIE I

Femctlion Mixturces vsad for Asaay of Troholass Activity

horod. cltrate
o uffor

homos. rehale s 1M wntor

a1l 5% BRACTCE 5.6 or 4,7
control for glucono
in trashnlopo and o5 mle o0 1l + 4 il
trehiclase In glucosno
zidnoo
control for glucose ,
ond trebalogs in o e o0 ml, o5 mls
sere time controlw o mle o5 1l 5 6l R
oxporinents] oft ml, o5 le G nl,

* Ono mle of FaCl wuns. odded to the tubes bofores additlon
of the hopogenate., Immodlaetoly after homosenoto addition
somples were noulralised with one ml. of ZnliOs.



Table 1T

Annerohlio Incubqu*wn of Tlooue Minooes with Jlucono

A

Incubotion: 279 Cuy EO simuton, constant rxi;mla.% L0 4
R ung.vw 1 @l. Erobia~fingor's Dloarbtonate,nif.
‘Qdiagg_x}g: o5 mle Pll%gmcmsail )amla/m..,.fél? jae/ :.«3..3

#ae phace: 9 A wmn;p COn :

Clﬁavzgvitv in trehaloge are
#  tlasuo 7Y ptrip count radlonptosran
’ wot whe madls 'mlm.s:}m.-, NOALn fiCeCThe

150 masele H2N, trnoo - Lroos -
291 nuscle 4554 - - o &
(G ime)
193 ovary- 230 + + + -
oviducd
194 ovary- 340 a3 t+ +  trece
oviduct :
201 ovary- 180. - - - -
oviducet
{Otine) : .
195 out 150, - o - -
WY mut &0, - - - -

200 f“'iiu {C tinm @} 4.630- - - - -
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Table 1II
Be

Incubation: 379C, 60 minutes, consitant shaling

suspendinz modium: 1 ml, Ereoba-Ringer's bicarbonate, pH 7.4
cdditions: 5 mle Cl% glucose (1 umole/ml.=.417 ue/mle):
£os phage: 958 Na-5H CCp . -

2
Gl}“qtig;tz in_trehsloss oren

& tinsue C NG strip count rediosutorran

dry. wbe media alec.oxt. nodia alc.ext.

231 mugelo 31. tracs troco race -

232 muscle 76 - - - -
(heat treated)

238 ovary- . 63,4 -+ -+ -
oviduet

237 ovoary- 112,8 - - - -
oviduect
(eat tresgted)

235 pub 40, - - - -
(heat treatod)

2374  tostle- 10.3 + - &+ -

soninal vesicle

teatin- 277 - - - -
sominal vesicle
(heat troated)

2]
(S
A%
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Table II
Co

Incubation: 379C., 60 minutes, constent shaking
gsuanending medium: 2 ml. Krobs-Rinser's blearbonate,pdl 7.4
naditionsn: 1 mle Cl¥zlucose ( 1 umole/ml.- luc/ml.s

zZag shase: 959 Np-5% C0p | -

&

Ql'activi@ in trehnlose are

& tissue %o atrin count radionutoz. eluaste cte
dry wte mnmedia modis media
342 musele 31443 - - 267. ct/min.
340 ovory- 211. + + 963,
oviduet

343 sut 102.1 - - 139,
241 tostlo- 05.6 + + 481,

seminal rveslcle

glucose - - 4.
control



Table IIX

Anscrohic Incubztion of Asenria ”vmale uerrodz tivoe
Syston lHomogenates with 014 Glucose

trostoent
& DreDe prior 0 ranction mistures
Jineub. hormog. slucose ausp, mod.

%20 5 e blesue 50 € «10 min. 1 mle W5 21, 1 5nl. XBB

homom.e in piE 5.6
521 20 mle EAD 10000=2 ©ine 1 o5 1

Dl 6,0 ' . .
322 " 1000010 sin. 1 5 1
nE3 i 1 ml. TOA 1 « 5 i
added

Zah A ~50C=36 dnyn 1 o5 i
325 5 ge tiopue 57 0-10 min. 1 o5 1 ml.Hou

homop. In .
326 30 ml.dolon. 1009ﬁn3 mine 1 o5 1

vetor o
327 v 1009¢-20 min 2 o5 1
kit ” j “"1 e %3 e
o o JRS I A 3 ‘Juu s -/ -

: odidsd

o # i -G e ; ©
339 -5 =1 dayn 1 o 5 1

ERB=frobg-inzor's blearbonnte
.TCa*trlcxioﬁoacot’c acld



Incubntion of Fresh nnd Frosen fut Homogenanton with Troholose
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