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the basic diet either singly or in all poss1ble combmatlons The effect of. supp[e
food (dehydrated tapioca puddmg) with various levels of RNA on the
beetle was also studled
were equally effective in stzmulatmg growth and increasing. survwal of
+ aden}ne atso improved the diet but not as well as the other three In

of the beetle was also 1mproved by the addition of RNA

[NTRODUCTION

of nucleic acids on Drosophila melanogaster (Meig.) dependec
quacy of dietary proteins. HoGaN (1972) showed. that pyzimi
genated pyrimidine analogues shortened the developmental p
{Herbst), whereas halogenated pyrimidines and halogenate'

1966). .
In an earher paper (PRATT et al 1972) we suggested insgct pes
in processed. foods by adding safe nutrient compounds Whié'h

of RNA and certain nucleotides -on the development and survival
gests that such chemlcals rmght be added to certain processed foods

was supplemented with RNA.

_ MATERIALS AND _METH_O_D_S )
Experlmental dlets
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and MEDICT, 1966) Al] th chemicals were purchdsed ﬁom Nutrltlonal Biochemicals,
Cleveland. Ohic. One gram of the basic diet was blended with 04 mg of & particular additive,
{individual nucleotldes or their mlxtures) in‘a “small-amount of water, freeze-dried and
na "concentratlon was found to' be adequate for
the beetle larvae on various diets. Mixtures
ontamed equal amounts of ingredients.-

. The common tapio puddmgicontame& pure granulated cané sugar (567 g),’a large
- whole egg (50 g), homog ized cow’s milk (473 ml) and tapmca (39-5g). The ingredients-
were boiled for. 15 min; cooled,; fi’eeze'-dried and ground to a coarse powder. Various
. amounts of RNA were suspend water, blended ‘with knoWn amounts of the pudding
_ powder and then freeze dried:: - : : :

'Exper tmenml msects .jf S

Cultures of T confusum were’ mamtamed on' whole wheat flour. In order to obtain
- experimental larvae which had. fed: only on the basic diets (puddmg or. the chemically
- defined) from the time of hatchmg to: the start of experlments a few hours later, adults
were allowed' to oviposit directly: on th “basic.diets. ‘First- mstar larvae, 1~ 15 hr after
hatching were then removed from ‘the d1et'an' transfe "_red {0 various experimental diets.
" One hundred larvae (20/replicate) were used.m eaeh i xper;ment The experlmental larvae
| were maintained at 30°C and:55%; r.hi B
Observation on the mortality and Iarvalupupai or pupal—adult eody51s were recorded
daily. The dead larvae or pupae were. always: retoved. to-avoid their being consumed
by the living larvae. No cannibalism’ was noticed. The'data ‘on the growth of larvae
~and pharate adults were subjected to the: analysls of variance followed by Duncan’s
- multiple range test. leferences m the data on’ pupat1on and adult emergence were
- anaiysed by ¥* test : = : .

_ R’_E“SUI’LTS} :
'_.'Nucleottdes in baszc d;et

" The effects of supplementmg the basm dlet w1th mdmdual punnes and pyrlmldmes
- with mixtures on the duration of larval stages and on the percentage of pupation
are shown in Table 1. The basic diet itself was not quite suitable for larval growth
as only’ 49°%. pupated. The larvac. which: eventually‘ died ‘were. lighter in"‘weight and
looked weaker. They appeared to have died just before ecdysis and were not consumed
by those ‘who moulted successfully. When the nucleotides were added individually, the
liest pupatlon and the largest number of pupae were obtained on diets containing (-4 or
mg-of guanine/gm of the diet (Table 1a). The presence of adenine also promoted
'Wth bt had no effect on the survival of the larvae. Dlets w1th cytosine or uracﬂ showed
o difference from-the basic control diet. :

upplementmg diets with: mixtures of two nucle0t1des (F able’ 1b) enabled MOre md1v1~
s to reach pupation than on the control diet or those containing adenine, or cytosine
racil. However, when gnanine was one of the components of the nucleotide mixture,
larval’ penods were shorter and:the pupation was’ hlgher than on the other diets.
.the most suitable diet was the one. containing guanine + cytosine followed by
10se: with' guianine + adenine, - guanine + uracil and adenine + cytosine; results for

our” diets were significantly different from cach other also: v

dition of mixtures of three nucleotides to the basic diet shortened the larval: period
mc ased the incidence of pupation as compared. with the basic control diet; how-
e diets were never as good as those with guanine + cytosine, guanine + adenine
ine 4 uracil (Table 1b, c).

on of the pupal stage and the number of adults obtained When the larvae
are on’diets supplemented with various nucleotides or their mixturcs are pre-
‘able 2. No mgmﬁcant mortahty was. observed durmg the pupal stage on
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TaRLE'l. GROWTH AND SURVIVAL OF T. confusuim LARVAE ON A CHEMICALLY DEF! INED DIET SUPPLFMENTFD WITH
PURINES AND PYRIMID[NES . v

Ad&itivesl Larval period % pupation Additives Lazval period: : . g pupationsi

(eays) LCE

L Sinzle aweleotides

Hone 2.2 % 0,55 ase g+ 1 39.53 £ 0,15 c,f
4 33,60 % 0,47 v 68 ¢ A.e0¥ 047 =
¢ (0.8 mglg) 34394 0,21 b T u : 24,768 £ 0,63 =
B,  XKixturee of we rueleotides
c4c ) 28,52 % 0,48, 71 sec 37,24 % 0.41 0,z
G+d 33,802 0.50,%. n L+ T 41.49% 0046 o)1
G+7v ) 37,52 % 0,38 ¢z 7% - C+U 10,55 % 0,50
G.  Miziwres of three mucleotites
G+A4+0 36,35 037, 6w . 6404 T
%

39642 0,40,008 CasCsU

not significanily different from each other at I % level. * , not silgnificenily different from cn-ntml

ademne 4 uracil or RNA,

RNA in pudding

'drated tapioca pudding to which various amounts of RN
'puddmg diet, larval development was slow and mortahty-

TABLE 2, DURATION OF PUPAL STAGE AND ADULT EMERGENCE. OF. T confus 5
DIET SUPPLEMENTED WITH PURINES AND PYR]'MID

Additives - * Pupal pe'xiod T # adelt Additives T
(aays)
A. Single Mucleotides
5.80 % 0,15 2,3 49 % ‘& C 5.0
610 % 0,46 v R 1 S o T 0.18
G (0.8 my/ o) 6.06 £ 0,08 v,z 64 b N o 8 P
B, Hixtures of twe nuclectides '
6.18% 0,09 v, n P A
5,00 L 0,06 ¢ 70 B4 T
6.06 £ 0.06 vz 72 cC+U "
Gu Itixtnres of thrse mcleptides i E
b7 to1ge 67 G C+T

6,02 0,09 b,g 5. R S D

2Rl as in tzble 1,
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TaBLE 3. DEVELOPMENT AND' SURVIVAL OF ‘T. confuswm. ON CHEMICALLY DEFINED DIET SUPPLEMENTED WITH
: NUCLEQOTIDES OR. RNA

Adaitives Lexval peﬂ_ua "o pupation Pupal veriod % edult
(days) - - : ) (day=)
Yone 42,22 20,55 - A - 5.80 £ 6,15 & 13
g+c - po.52 X buags - A 6,18 = 0.09 e 2
6+C+D-zivose 352 F 0550 g0 - 5,702 0,05 & 75
G+l +A4+T 29,88 £ 0,36 b g .18t 0,11 e 76
s (5og/) 29,46 F 037 be' . TR UE . 6,205 0.1 e o
ILegends as in table 1. % pupation and adult emersence on gxperinental diets is gienificantly different from

control dAlet at 1% level, -

period, only 35% of the initial number of larvae had survived—28% as adults, the
rest as pupae. Addition of 1 or 57/ of RNA significantly improved larval growth, though
more pupae and adults were obtained at lower levels of RNA. .

_ o " DISCUSSION

Our tesults show that like most other insect species (HOUSE, 1965), T. confusum also
requires RNA for optimal growth and survival. The purine guanine and fo a lesser
extent adenine stimulated growth in the beetle; the pyrimidine cytosine enhanced the

‘action of the purines while uracil retarded it. =~ ' ' o
In general purines appear to stimilate growth in other species also. For instance,
though guanine and its derivatives were ineffective on D. melanogaster (HINTON et al.,
1951; GEER, 1963), adenylic acid shortened the growth period: however, these résults
varied in different strains of the fruit fly (Geer, 1963). Earlier SaNG (1957) had found
that guanylic acid did in fact promote the growth of the fruit fly though not as effectively
as adenylic acid. The present results are in agreement also with HoGan’s (1972) data
on the growth stimulatory effects of guanine and adenine on an allied species of the
flour beetle T, castaneum. Only in the case of O. surinamensis did guanine have growth

 retardatory effect while adenine was ineffective (DAvis, 1966).
. Pyrimidines alone appear to have 1o role in the growth of insects, but enhance the
stimulatory effects of purines. For mstance, cytosine had no effect on T confusum (Table
1), T. castaneum (HoGAN, 1972) or O. surinamensis (Davis, 1966), but increased uniformity
in growth-time and survival in D. melanogaster (GEER, 1963). Conversely, uracit retarded
- growth in T. confusam (Table 1) Cochliomya hominivorax (Coquerel) (GINGRICH, 1964)
“and O. surinamensis (DaVIS, 1966) but had a stimulatory effect on the growth of T

. TABLE 4. DEVELOPMENT AND SURVIVAL OF T. confusum ON DEHYDRATED TAPIOCA PUDDING, SUPPLEMENTED WITH
R VARIOUS AMOUNTS OF RINA

1

% edded Larval Period # Pugae % Surviving

-_ z.;exe‘i kz)f: Obtained Pupas Adults
0 8.4 % 2.0 42 7 28
0,25 T73 1.1 56 20 30
0.5 8.1% 1.8 57 20 28
1,0 163 1.0 60 15 I
5.0 T6.5% 0.5¢ 49 - 7 4o%

;_.at the end of 11 week experimental perlcd.

‘significantly different from contrsl ot 2% level.
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taneum (HocaN, 1972). Tt may be’ pomted out that protein in. Hogans d1et was
.qualitatively different from others and this can mod1fy the dletary roie of nucleoﬁdes
{(GEER, 1963). ' :
©_Mixtures of purines and pyrumdmes increased survival, and in most cases reduceci
the. growth period of T confusum (Table -1); these results are similar (o those 6n 0.
- surindmensis (Davis; 1966). The effects of the purines guanine and adeniné on’ the flotir
- beetle were enhanced by the pyrimidine cytosine and reduced by uracil; similarly, the
- effectiveness of guanine on O. surinamensis was increased greatly by cytosine:but-only
slightly by uracil (Davis, 1966). In-D.  melanogaster, however, guanine was, found to
improve the action of another purine adenine (VILLEE and BisseL, 1948),

In the present experiment, a mixture of guamne + cytosine + adenine was not as
effective as guanine + cytosine or even guanine + adenine; this may be due to nutri-
tional imbalance between purines and pyrimidines. For, when all the four nucleotides
were present in the diet, the growth and survival of T. confisum (Table 1) or O. suring-
mensis (DavIs, 1966} were just as good as on RNA-supplemented diet. Similarly, a mix-
ture of guanylic acid + cytidylic acid + uridylic acid retarded growth of D. melanogaster;
however, addition of proper proportions of adenylic acid to the mixture could: suc-
cessfully replace RNA in the diet (GEER, 1963). The importance of proper purine-pyrimi-
dine balance in the diet of D. immigrans was also demonstrated by RovEs and ROBERTSON
(1964). Only in the diet of C. hominivorax could a mixture of only three nucieotldes '
replace RNA effectively (GINGRICH, 1964).

The dietary effect of nucleotides on the pupae period in the flour beeﬂe showed- :
no relationship with larval development or survival; such a confusing pattern was also '
observed by Davis (1966) on 0. surinamensis. Most of the observed differences in ‘the
developmental period of pharate adults on different diets may have no or httle blologwal
significance. :

The growth promoting effect of RNA on T confusum is further conﬁrmed by the_'
improvement of the imbalanced tapioca pudding (T able 4) which was rich ‘in fat-and
carbohydrates but poor in vitamins, particularly niacin. Probably RNA- helped: food -
utilization by enabling the synthesis of vitamins. CHARBONNEAU and LEMONDE" (1960).
reported the presence of an unidentified growth factor in brewer’s yeast wh1ch accordmg '
to HOGAN (1972} may have pyrimidine or pyrimidine-like structure. . -~ o
. On the basis of the present results, it seems unlikely that the purlnes or pymmdmes_f
~can ‘be used for creatmg imbalance in processed foods to protect against. insect in- "

and fertility of many insects (Murs, 1962; Prus, 1962; Hocaw, 1968) mlght be used
~for the nutritional control of pests of processed foods. o
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