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ABSTRACT

Four  pure mulberry silkworm breeds viz., Pureysdre, Nistari, N, & CSR and two hybrid (Pure
Mysore x CSR and Nistari x NgD, ) silkworms were selected for the presemdystThe specific activity of
alkaline phosphatase (ALKP) in midgut and fat bdgues were estimated. The qualitative analys&LddP was
carried out by Native-PAGE. The commercial charecteiz., fecundity, larval weight, larval duratiompcoon
weight, shell weight, shell ratio, filament lengtlenier and renditta were selected. The activitiele of ALKP of
midgut and fat body tissue showed statisticallynificant (P<0.001) changes in their activity levelsring fifth
instar. The results of quantitative analysis wetdjscted for regression analysis against selectechroercial
characters to know the correlation coefficient bedw them. The results of regression analysis glestrbwed that
midgut ALKP has positive correlation with fecungdityrval duration and renditta only. The activitgviels of fat
body ALKP showed positive correlation with fecupd@rval weight and renditta only. The zymograrh&\bKP in
midgut and fat body also exhibited variation amdmg selected silkworm varieties.

Keywords: Bombyx morimidgut, fat body, alkaline phosphatase, commeEctiaracters.

INTRODUCTION

Recent advances in plant and animal breeding hmididghted the prospects of using linked molecutzarkers
(Isozyme/DNA) for improvement of desirable trait$erefore, identification of suitable markers, otte key to
successful implementation of marker assisted setedMAS) which is gaining ground fast in otherIfie of
breeding [1]. In addition, biochemical markers aseful for screening germplasm with minimum costinme and
labour [2]. Alkaline phosphatase (Phosphoric moterdsydrolases; E. C. 3.1.3.1.) are metalloenzymesspecifc,
phosphomonoesterases [3], which exists in varioggrosms from bacteria to mammals [4,5,6], invalvias
mediators in the energy transfer wherever ADP aiid Are involved in metabolic pathways. The activiyel
during various stages of ontogeny reflects the geimn and utilization of energy. In insects, alkalphosphatases
are involved in several biological processes argpaords to stress, pathogenesis or infection [7pddeand
Krishnamurthy [8] and Raje Urs [9] analyzed phospbkes in some silkworm races. Umakanth [10] studtade-
specific, sex-specific, pupal- specific and motpedfic bands of phasphatases. The analysis of neegike
amylase, succinate dehydrogenase [11,12,13,143Jimdk phosphatase and alkaline protease [15] mdy ine
silkworm breeding programme for cocoon charactend disease resistance. However, correlation sudie
combining alkaline phosphatase with commercial attars of silkwornBombyx morare rather scarce. Hence, the
present investigation was undertaken.
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MATERIALS AND METHODS

Four pure mulberry silkworm breedsg., Pure Mysore, Nistari, NB, & CSR and two hybrid (Pure Mysore
x CSR and Nistari x NBD,) silkworms were selected for the present itigation. The silkworm rearing was
conducted in the laboratory following the methoda@ed by Krishnaswamy [16,17]. All experimentaltdhes
were maintained in triplicate. In each replicati®@0 larvae were kept after third moult. The ecoigotraits
selected for present study included weight of fifietar larva, larval duration, cocoon weight, shetight, shell
ratio, filament length, denier, renditta and fediymd

The midgut and fat body tissues were obtained fiwensilkworms of fifth instar by dissecting thevae in ice cold
water and the gut contents were removed. Theesstere thoroughly washed in distilled water. A%Qw/v)
homogenate of the tissues were prepared in predalstilled water using mortar and pestle. Thebgenate was
centrifuged at 3000 rpm for 10 minutes in a cooloantrifuge at 5°C. The clear supernatant was teethe
enzyme analysis.

The total soluble protein present in the haemolyrapth midgut tissue was estimated by following thethad of
Lowry et al [18]. Bovine Serum Albumin was used as standaoten.

Quantitative analysis of alkaline phosphatase wasedn haemolymph, midgut and fatbody tissues Wahg the
method. The reaction mixture contained 1ml of 0.$bMium carbonate buffer (pH 10) containing 50 mM
paranitrophenol phosphate was incubated at 37°6 fain. After this pre incubation, appropriately1(@) diluted

10 ul haemolymph for haemolymph alkaline phospleatessay and 10 ul tissue (0.5 %) extract for midgat fat
body alkaline phosphatase assay respectively. atmub of this mixture was carried out for 30 min3°C in a
water bath. After 30 min, 2 ml of 0.1 N NaOH waddad and the contents were mixed thoroughly. Then t
volume was made up to 4 ml with buffer. The corgewere shaken vigorously and the optical densitg wa
measured at 540 nm setting the spectrophotometeerm with blank consisted of incubation mixturevihich
enzyme sample was added after termination of thetian. The activity of the enzyme was expresseghasles of
paranitrophenol released /mg protein/min at 37%CaRitrophenol was used as standard.

The experimental data were statistically analyredugh SPSS by one way ANOVA [19], Scheffe’s past [20]
and linear regression analysis [21] wherever thesevapplicable.

The qualitative analysis of alkaline phosphatasezyimes was carried out in Native Poly Acrylamidel Ge
Electrophoresis (PAGE) with the discontinuous hbuffgstem containing 5% stacking and 8% separatitg §he
vertical slab gel apparatus was used. The gels, after the removal, washed in running distilledevdollowed by
the incubation in 100 ml of Tris-HCI buffer (50mMHB.5) containing polyvinyl pyrolidone 500 mg, fddtie RR
salt 100 mg, sodium alpha napthyl phosphate 100nagnesium chloride 60 mg, manganese chloride 6@madg
sodium chloride 2 g at 37°C in a rotary shaker ankdfor 1 h or until the bands appeared. Then #is gere
scanned, analyzed and photographed in a gel sc@viftezr Laurmat Bioprofil image analysis system).

RESULTS

The summary of the studied commercial characterpersented in the tablel. From the table it iardieat the two
bivoltine races are superior for productivity tsaithereas multivoltines are superior for viabititgits. The hybrids
showed average values of their parents. The sesiltone way ANOVA revealed that the variation ith a
commercial characters among the experimental batate all significant at 0.1 % (P<0.001). The djeaictivity
of alkaline phosphatase in haemolymph was nil. §geific activity of alkaline phosphatase in midgat fat body
tissue samples is shown in the tables 2 and 3 ctgply. The activity of alkaline phosphatase indgut and fat
body tissues samples showed significant changt®inactivity levels at every 24 hours till thedeof fifth instar.
Almost similar trend was observed in both the #ssof all the experimental batches. The resultera way
ANOVA revealed that the variation among the expental sets is found to be significant at 0.1% (P&0). In the
case of midgut tissue, the highest alkaline phasgleaactivity was observed in Nistari (9.38 uM/mig/@t 37°C
was the average during fifth instar) followed by&Mysore (8.41 pM/mg/min at 37°C), B, (8.38 pM/ mg/ min
at 37°C ), CSR( 8.15 pM/mg/min at 37°C), Pure Mysore x GRR.17 uM/ mg/ min at 37°C) and Nistari x \NB,
( 6.79 pM/mg/min at 37°C). In the case of fat bdidgue, the highest activity was observed in NistaiB,D, (
6.72 pM/mg/min at 37°C) followed by NB, (6.47 pM/mg/min at 37°C ), Pure Mysore (6.24 uM/migy at 37°C),
Nistari (6.20 uM/ mg/min at 37°C), C$R6.00 puM/mg/min at 37°C) and Pure Mysore x GER82 uM/ mg/ min
at 37°C). The results of quantitative analysis waubjected for regression analysis against selexteamercial
characters to know the level of correlation coéfit between them.
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Table 1: Mean values + SD of nine commercial chargers in six breeds of silkworm,Bombyx mori

SILKWORM LARVAL WEIGHT LARVAL COCOON SHELL WEIGHT | SHELL RATIO | FILAMENT LENGTH
BRREDS FECUNDITY ) DURATION (h) WEIGHT (g) @) %) m) DENIER | RENDITTA
Pure Mysore 467.22+10.96 2.01+0.06 660+10.39 1.075:0 0.12+0.01 12.57+0.49 426.44+19.83 1.77+0l09 7740.82
Nistari 485.11+5.30 2.83+0.06 564.88+10.01 1.1430.7 0.15+0.01 13.41+0.87 435.66+17.21 1.78+0{07 1DZBI
CSR 509.10+16.58 4.07+0.05 578.88+6.45 1.81+0.47 Q04 24.02+0.18 1011.99+12.34 2.93+0.p2 5.78+0.23
NB4D, 520.55+16.65 4.160.05 576.67+11.08 1.76+0.30 3B 20.27+0.15 1020+29.96 2.48+0.06  8.34+0.47
Pure Mysore x CSR| 466.66+11.52 2.68+0.07 610+11.10 1.67+0.23 0.28#0. 17.29+0.21 910+18.74 2.75+0.06 7.64+0.12
Nistari X NB,D, 490.77+6.81 3.46+0.04 557+10.21 1.47+0.22 0.23#0.0 16.06+0.85 805.99+12.36 1.83+0.02 9.22+0.85
F 89.775 4210.79 853.92 3570.99 3898.36 1484.63 1765. 311.48 | 28230.47
Values are the mean+ SD of Pre monsoon, Monsoorpastimonsoon observations.
The variation between the races is statisticalgngicant at 0.1 % (P<0.001).
Table 2: Alkaline phosphatase activity levelsy( moles of product released/mg protein/min at 37°dh midgut tissue
SILKWORM BREEDS| fDay| 7°Day | 3°Day | 4'Day | 5'Day | 6'Day | 7"Day | 8" day | AVERAGE
8.33 9.01 8.92 8.95 8.90 8.54 7.78
Pure Mysore 688 | 12107)| (+8.16) | (+0.99) | (+0.33) | (-0.55) | (-4.04) | (-8.89)| 84
. . 8.03 10.30 11.69 10.99 9.40
Nistari 589 | (136.33) | (+28.26)| (+13.49)| (-5.98) | (-14.46)| - 9.38
7.38 8.09 9.16 9.96 8.33
CSR 601 | (120 79)| (+9.62) | (+13.22)| (+8.73) | (-16.36)| - 8.15
7.66 8.55 9.33 9.69 8.94
NB.D. 613 | (+24.95)| (+11.61)| (+9.12) | (+3.85) | (7.73) | ) 8.38
6.49 8.18 7.57 7.10 7.41 7.52
Pure MysorexCSR | 597 | (,871) | (+26.04)| (-7.45) | (:6.20) | (+4.36) | (+1.48)| ~ 1
. . 5.76 6.44 6.93 8.20 7.88
Nistari x NB.D 555 | (1378) | (+11.80)| (+7.60) | (+18.32)| (3.00) | - 6.79
The variation between the races is statisticalgngicant at 0.1 % (P<0.001).
Values within parentheses represent per cent chamgeprevious day.
Table 3: Alkaline phosphatase activity levelsp( moles of product released/mg protein/min at 37°Cjn fat body
SILKWORM BREEDS| fDay| ZDay | 3°Day | 4'Day | 5"Day | 6"Day [ 7"Day | &day | AVERAGE
Pure Mysore 461 5.20 5.61 7.36 7.22 6.80 6.56 6.63 6.24
Y ) (+12.79) | (+7.88) | (+31.19)| (-1.90) | (-5.81) | (-3.52) | (+1.06) )
. . 4.19 6.59 8.00 7.40 7.06
Nistarl 4001 1475y | (+57.27)| (+21.39)| (-7.50) | (-4.59) - ) 620
4.79 6.03 7.14 7.17 6.27
CSR 4611 (1390) | (+25.88) | (+18.40)| (+0.42) | (-1255)| - - 6.00
5.64 6.90 7.35 7.41 7.35
NB.D, 419 | 13160)| (+22.34)| (+652) | (+0.81) | (0.80) | - - 6.47
5.37 5.61 6.02 6.89 6.08 6.48
Pure Mysore X CSR | 432 | (54 30y | (+4.46) | (+7.30) | (+14.45)| (-11.75) | (+657)| ° 582
. . 7.16 6.86 7.41 7.00 7.51
Nistari x NB.D, 438 | (163.47)| (418) | (+801) | (-5.53) | (+7.28)| ) 6.72
The variation between the races is statisticalgngicant at 0.1 % (P<0.001).
Values within parentheses represent per cent chamgeprevious day.
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Figure 1: Correlation between midgut alkaline phospatase activity level and fecundity
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Figure 2: Correlation between midgut alkaline phospatase activity level and larval weight
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Figure 3: Correlation between midgut alkaline phospatase activity level and larval duration
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Figure 4: Correlation between midgut alkaline phospatase activity level and cocoon weight

0.5 ~
o5 | y=-0.028¢+0.498
04 - R2=0.051
¥ 035 - .
® 037 u
] J
$ 025 *
= 0.2 -
]
< 0.15 - L
» 2
0.1 -
0.05 -
0 T T T T T T T 1
6 6.5 7 7.5 8 8.5 9 9.5 10
ALKP activity in midgut (0M/mg/min at 37°C)
Figure 5: Correlation between midgut alkaline phospatase activity level and shell weight
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Figure 6: Correlation between midgut alkaline phospatase activity level and shell ratio
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Figure 7: Correlation between midgut alkaline phospatase activity level and filament length
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Figure 8: Correlation between midgut alkaline phospatase activity level and denier
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Figure 9: Correlation between midgut alkaline phospatase activity level and renditta
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Figure 10: Correlation between fat body alkaline plosphatase activity level and fecundity
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Figure 11: Correlation between fat body alkaline plosphatase activity level and larval weight
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Figure 12: Correlation between fat body alkaline plosphatase activity level and larval duration
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Figure 13: Correlation between fat body alkaline plosphatase activity level and cocoon weight
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Figure 14: Correlation between fat body alkaline plosphatase activity level and shell weight
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Figure 15: Correlation between fat body alkaline plosphatase activity level and shell ratio
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Figure 16: Correlation between fat body alkaline plosphatase activity level and filament length
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Figure 17: Correlation between fat body alkaline plosphatase activity level and denier
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Figure 18: Correlation between fat body alkaline plosphatase activity level and renditta
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Figure 19: Native PAGE analysis of midgut alkalingphosphatase of Pure Mysore and Nistari silkworms. &nes: 1-8 days in fifth instar.

- 0.174
- 0.224
- 0.286

0.193 =
0.283 o

0.413 w| 0.404

S oy

Figure 20: Native PAGE analysis of midgut alkalingphosphatase of NBD,and CSR. silkworms. Lanes: 1-6 days in fifth instar.

The results of regression analysis between the uhiddkaline phosphatase activity levels and comiakrc
characters are presented in figures 1-9. The eesiistatistical analysis clearly showed that tHdgut alkaline
phosphatase activity levels exhibited moderatelgitp@ correlation with renditta (R0.299), fecundity (R =
0.026) and larval duration R0.002) only. Also, in the case of fat body tissie, results of regression analysis are
presented in figures 10-18. The results of staibtinalysis clearly indicated that the fat bodsakihe phosphatase
activity levels exhibited positive correlation witbcundity (R = 0.136), larval weight (R= 0.073) and renditta
(R?=0.064) only.

The zymograms of alkaline phosphatase also exdilvi&giation among the selected silkkworm varietiesiumber
of quantitative and qualitative variations were eved in the zymograms (figures 19-24). In the caée
multivoltines, the midgut alkaline phosphatase zysoes in Pure Mysore exhibited entirely differemtitprn of
banding when compared to Nistari silkworms. In tase of Pure Mysore larvae, an isozyme fractiom \RitF.
0.187 was observed only iff' and &' day. Also, another band with R.F. 0.405 was finemt on & day only. In
the case of Nistari silkworms, a band with R.F182 was present only froni‘to 4" day. Among the bivoltines, in
the case of NfD,, one band with R.F. 0.193 was prominent only Brasd 6" day. In the case of CSRilkworms,
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an isozyme fraction with 0.174 was clear only oindtlday. Of the hybrids, Pure Mysore x CS&lkworms, two
bands with R.F. 0.290 and 0.338 were prominent®band 2 day. In the case of Nistari x NB, silkworms, an
isozyme fraction with R.F. 0.335 was prominent frgfito 6" day.

Pure Mysore X CSR2 Nistari X NB4D2

— 0287

0.200 =
0.338 = - 0.335
0.410

0.422 o

Figure 21: Native PAGE analysis of midgut alkalingphosphatase of Nistari x NBD, and Pure Mysore x CSRsilkworms. Lanes: 1-6
days in fifth instar.
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Figure 22: Native PAGE analysis of fat body alkalie phosphatase of Pure 'Mysore and Nistari silkwormd.anes: 1-8 days in fifth instar.

In the case of fat body the silkworms of Pure Mgsbreed exhibited a band with R.F. 0.281 was desang later
ages of fifth instaf.e., from 6" to 8" day. Similar pattern was also observed in the edsWistari silkworms,
wherein a band with R.F. 0.292 was present onlg'dbday. Among the bivoltines, NB, silkworms exhibited two
fractions with R.F. 0.301 and 0.356 were presefy daring later stage of fifth instare. on 5" and &' day. In the
case of CSRlarvae, two isozyme fractions with R.F. 0.294 ar@b3 were appeared as in case ofDiilkworms.
Of the hybrids, Pure Mysore x CSRirvae showed a fraction with R.F. 0.480 was pr@mt from ' to 3% day. In
the case of Nistari x Ni®, breed, a band with R.F. 0.398 was present durify days of fifth instar.
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Figure 23: Native PAGE analysis of fat body alkalie phosphatase of NB,and CSR. silkworms. Lanes: 1-6 days in fifth instar.

Pure Mysore X CSR2 Nistari X NB4D2
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Figure 24: Native PAGE analysis of fat body alkalie phosphatase of Pure Mysore x CSRnd Nistari x NBsD; silkworms. Lanes: 1-7
days in fifth instar.

DISCUSSION

Quantitative analysis of alkaline phosphatase aygtigvels clearly indicated two types of corretatsviz., positive

or negative correlation between activity levels hwitommercial characters. Alkaline phosphatase ®setaof
hydrolytic enzymes that hydrolyze phosphomonoesiader the alkaline condition. The activity of themnzymes

is related to the physiological status of silkworamsl reflects the absorption, digestion and pasttiansportation of
nutrients in the midgut. Different stress and diseaauses considerable decrease in the activigl &P [22].
Saravanaret al., [23] reported that the increased ALKP activitydis indicates the better physiological situation
and reflects the absorption, digestion and positigesportation of nutrients in the midgut. Andoals indicates
stress free and disease free condition of the silkw In the present study ALP level of activity rieased
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significantly indicates the better physiologicatusition and reflects the absorption, digestion gqusitive
transportation of nutrients in the midgut. Sevdaators affect the activity of ALKP in the midgaf silkworm,
such as viral and bacterial infection and admingstechemicals [24].

Observation on the ALKP isozyme pattern has reketidat the banding pattern differs between puregaoetween
hybrids and between pure races and hybrids. Thegsam indicated the variation in R.F. and volliniensity
of the bands among the experimental silkworm tse&thie qualitative analysis of ALKP indicated sypés of
changes.e., the intensity of the bands either more or lbssjdes, some of the bands either present or al&eme
of the bands increased or decreased in their ityess the age advances in addition to altered ¥akie. Presence
or absence of protein bands indicates either timepnoduction or utilization or degradation of pinteontents [25]
when the studies are restricted within a partictéae/breed. However, when the studies are coratedtbetween
the races, it directly targets the genetic matemiglthey are exactly determined by the genetic niaatef the
organism. The variations in the activity levels asozyme pattern clearly showed differences betwbenraces.
Therefore, by studying the silkworm ALKP with commial characters, it is possible to have a cleatupé about
the kind and degree of correlation between themu#aterstanding of such correlations will help ugdentify and
exploit the marker molecule during breeding of newes of silkwormBombyx moriwith improved commercial
characters.

CONCLUSSION

The present results clearly indicated that thelm&ghosphatase activity was nil in the haemolyroplilkworm
Bombyx moriL. The midgut alkaline phosphatase activity levaiswed moderately high positive correlation with
renditta only. On the other hand fat body alkafph@sphatase activity level indicated slight positborrelation with
fecundity only. In brief, alkaline phosphatase i levels were not positively correlated with mafy of the
selected commercial traits. In view of the abote, dlkaline phosphatase may be used as marker ufesetturing
the evolution of new breeds of silkwoBombyx mori
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