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SOMBTHING ABOUT THE SYMBIONTS OF MOSQUITOES

Fellowing is the translation of an article
by Antonio Verd-rol Arnal published 1n
Bel. soc, esnan, hist., nat., Madrid, Vol.
4 $209-213. 1943, Translation by

Bernice MacDonald,

The descripticns of the digestive apparatus of
the Cult#tdos of Le Danteq, Nuttall and Bhipley and
Sazeudinn are classic. We will deal here withthe
poat interesting of thess.

After a muscular pharynx is a thin esophagus
which dilates at the end to form & a%ill quitinoae
proventricle. The back of thisg forme a valve with
a afincter which sevarates it from the middle
intestine, On the walls of thé proventricls there
are mioroscoplie quitinos projectibna which utem fron
esach cell separately. Theyustrongly resemble those
described in Calliphora by Berlesse but they ars
longer and more slender, Here the esophagus forms
three evaginations, two dorsal and one ventral.

This one is e large sac which extends underneath the
digeative tube as far as to fill a great part of the
ahdoment attaining its greateat developemnt in the
Jnopheles. Nuttall and Shipley consider the three

to be food reservoirs. Other authors noticing that
similaf 8acs in other diptera occassionally contain

food think it very likely that such diverticula

~ sarve &8 storehouses, Bchaudinn calls the ventral
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diverticulusm a suckinc stomach (Saugmagen), which
will 7111 up with blood during suction and which
would empty iteelf immediately into the middls
intcstina. Ruttall and Shipley giwe it the same

. meanins. but to Borlcsae it is a simple air sac,

. destined to maintain the shape of the body when the

1digoct1vo tubo is oapty and to leave room for it

when it distende upon filling up with blood. These

twolfhﬁéildns'de‘nbt seem oontradictory as we have re

" - obgerved that the mentioued divertioulum appears
V,:aa & virtusl cavity in fasting moaquitoea, while
"1t appears musculdr when the animsl sucks blaad.

During the fzsting period the lower part of the

" proventricle is folded inside the part clome to the

middle intestine, which dilatessgiving 1t a pear-
shaped appearance. Some authors mistskenly call
this entire arve capdias. The name stomach, confirmed

' by oomparative anatomy, would better suit it.

‘With the ingestion of blood the proventricle
disinvaginates and dilates to the shape of a winebag,
its cells separated by a gelatinous substance like

" _ quitina (?). Tnls gelatine will surround the pass

of blood during its phs.age to tho middle intestine
and will form a kind of pdfitrophio membrane although
it 18 of a different origin thnn that of the rest of

-tho 1nnootl.

The nall of thn giddle intestine, of ondothormio
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orizin is very monotonous. It is made up (a in Piec,
VI, fig. 3B) of prismatic cells with a thick nucleus

wiich in in apical part have a protectivc sheet

- stretched vertically, called rhabdorium.(h), Por

some authors the rabdorium whould also have an ab-
sorbent function. These are the cells which separate
the digestive enzymes. o

In the middle intestine the digestion and ab-
soption of the food takes place, we dont know if through

the saidvoellavervas Boissezon says these are separ-

- ated into absorbént and secreting cells to better ful-

£1ll these functions, The secreting rhythm is not the

sane during fast (secretion 6f hunger) as during

6ontaot~v1thvfood. We, along with Bolssezon, also
dirferentiate two kinds of celle for these two se-
oretions.

In the pos tericr area the so called piloric
valve separates the~middle intestine from the

posteriro intestiné which again becomes quitinoe,

on the outside the middle intestine is surrounded -

b;_c strongamuscular tunic and has a profusion of
tracheas, |

Forty years ago Schaudinn pointod out the
oxuistonoo of some chainlike fungi 1n the ventral
sao of tho Angnngggg which until then was supposed
to be enly en uir sac. The funotion of these fungil
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sUnBURe Lndad aese enbynve ato the ones which pro-

ey iufliamation of Yhe bilio. e saw that the

gas porduced wag 60? ws 1t cicuded barium waser. Thege

funguses whlch he presunsy 1o he c-tshle wers of
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sXglat in the eggs. For SBchaudinn they would be

hereditary reasiding in internal tissues from which

they would pase to the ezga. ;
Hore recently, Hertig and Wolbach have found

them again 1n‘§glgg. In ne testiocles and ovaries :

of the males and females here are slender little é

intercellular ocanes similar to gramnegative Rick- ;

ettslas. SHome of other spscles have been identifled

with 8chaudinn’s fructiferous forms but in othar.
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the #ame result was not obtalned.

Thoerefors, it is not a case of casual infectioxn.
These studize prove that thoy are rveal speclfio
symblontes whioh in all probibility intervene in
the nutrition of the host,

I have used for my first investigations three

gracies of very abundant hematophages Cullcidos:

d
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4
§

Anopheles, Cudex and Aedes (Stegom;a); hunting them
by the simple means of placing on them, when they
are poised, & large diameter test tuble. By intto-

duriing into the same tube which served to capture
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them a strip of paper wheme they could pcise, they
can be kept alive for several days.

I effected the fixing "in toto" ‘in formaldehyde
d3acidified using ohalk ih the ratio of 10 to 100; I
have hade'the cuts before inclusion in celodene, For
dyeing I have used various techniquea: especially
tas firsr v;riant of Rip-Hortega to the tonoargentic
rethod of Achucarro, and Ric-Horiega's silver car-
bonate method,

Treatment of the whole insect offers the grave
inconveniernce of defective inclusion, Even in the
most favorable cases there slways remains a limit
marked by the quitine, For this reason the body
siluette of the body breaks away as soon ss }rnther
fine ocuts =10 u- are tried, 1lhese are necessay for

the histophysiologic studies as the cells of the

‘mosquito a®e very small,

I an now trying another procedure, not lacking
in diffioculties either, It consists in a previous
dissection of the organs (digestive tube, salivary
otc,) before fixinf and including them. But this
can not be done when the diséitlve tube 1s full of
hlood~ which 1s the most intoroltins case,

ThOIEthuitocp which have Just sucked blood

< dututi
have at—:&ao%—c&dht—thoAsbdomgg,4&§ntcd~and»£u%&~of

‘L{ .

A%, oan bc observed in a sagittal cut {PeerV2
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v e red blood cells have hemulyzadwand 80Me

i

asve Lroxen, showing only membranee. Thess zones
wiere hemolysis has sterted are distreidbuted with

reference to the back (" d 3

jos nee o the buck (¢") and in a central mass

{c~c') which advances from the cardias, 7

. F -
to2enving in 4otai (ole. VI. fig. B) tnds zona:

ol hemolyaia,\fégff arewjifn among the red hlood 5

¢colls {f), more or less sltéredy>a profusion of ?

baclliary bdgig;id:aﬁjbccasslon)lumped together ana é

also forming chains. The ﬁ%ﬁ&;iéé?ifétAted in the é

visinity of the'groups of bacteria ar:”g;;blyzed, ;
‘and*%rckan. while 1é§ocytae’£§fi$}uuye unaltered (s %
Thiamxae£~mak6ézﬁ§»égbﬁggéyihat the bacterias are E

' there to cause hemolysis. ) The roge of this pre- ‘ é
partory step would limit fﬁtin digestion, as the Z_

‘ real digestive action is the exclusiva worlk of the E
digestive julces, sevarated by the cells of the %

niddle intestine, whicm:would surely fo to the %

interior of the mass of blood through the peri- ;%

trophlc gelatine (e). %
Boissezon.»lﬁ his work omrnthe digestion of gA

. blood in gglg;. says that hemolysis and latex %
i

erystalization are produced by the action of the
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digestive Juiées, But, he does not mention

taese bacteria at all whic he probably has not

seen, As can Je observed in pie. VI, filg. A. this
accumulation of bacterlia penetrates to the interior
of the mass of corpreassed blood and it forges galeries
and sponges it with the help of the gases released,
aidinf in this way the digestive enzymes which have

to act from the perifery.

If, as Nuttall and Shipley suppose, the blood
absorbed passes prpeviously through the esophagic
diverticula, it seems very likely that it lced it
self with the bacteria contained in these, In this
wvas the gelatinous empule surrounds both and congti-
tues a nutritious bin already prepared for easy di-
gestion,

Consideriag the Ssugmagen of Schaudinn as &

‘bacteria reservoir, that is, of hemolitic enzymes,

the proventricle and 1ts annexed diverticuls would be
the real itoﬁach where the food would be prepared

. beforing passing to tae middle intestine.

We 4o not have enouzn slexenits to identify thesge

" bacteria., In Cylex they are deplobscillus sometimes
- slople and more rarely forzing chains (fig. I, a)Q

In Apophelesthey &rs rounded and always fora short..

‘chaing similar to yessts (fig. I, b). It 1s necessary
to identify them to use sdoqnato,bsctgbiologie ne-

thods and if posaible obtain cultures.

It gives me grest pelasure to make use oF this
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ST U Fige 1 Byab'ion‘ut}’or' Cujex (a) and of pnopheles
A (‘b?,'nththnun red blood cells, ,
DR , (ObJ. Zeiss inz. bom. 90X; oe, 20X.)
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Flg. A.~ Saritall cut of Culex 2 hours after sucking
blood, Method? Rio-Crtega's silver carbtorate: a, wall
of the middle intestine, distended; b, mass of blood not
hemolysieed; ¢ ¢’ ¢%, principal zones hemolysis with
abundant bacteris; ¢ -4', Malpighl tubes; e, ovule; £,
posterior intastinpe. )
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'Fig. B, Detsils of the previous figure'at'g"le#al.

a; wall of middle intestine; cells in different phases
of s cretion; b, rabdorium; 6, basal membrane of the

‘enithelium; d, heavy

drope of digestive Julces; &,

gurrounding of gelatine with bacteria; f, hematites

.more ¢r less hemolysed, with abundant compressed

bacieria and in chains; g, u;alteved leucocytes,
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publisation to thank Prof. Alvarado for the ilateresi

he has had in followins ny zmedest investigations.

. Laboratory of Comparative FPhisi~

clogy of the Jose Acoste Instle
ture of Natursal Sciernses,

Bitliography

Nuttall and Shipiey

1901, "fhe structure and biclogy ¢f Anopheles"
Jour. of Hyg. :

Laelanteq:.

i901. DPatologie Exotique. Paris
Schaudinn

1904. Arb. Kais, Gesundheitsant:
Thompson :
1905, Alimentary cenal of the mosguito
Jordan

1913, Vergleinchenden Fhysioloria.

Hertig & Wolbach
1928, "Studles on Rickettsailike microorganism in
insects". Jour. of Med., Res.

Hecht _
1928, "Uber die Sprosspilze der Oesophagusstulpungen
von 3tech Mucken"'. Arch, Schiffs u. fropsn-

hyziene.
Boissezon
1930, "Digestion en Culex". C.R, Soc. Biol. Paris
Buchner

1930, Iier w.d Pflanze in Symbiose.

Baeza Cuellar a ‘
1933. Estudio medico de los Cul#ecidosg hematofaxos.

s

f
L S




