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Manduca sexta

Kelly N. Wahl, Christopher M. Gillen, and Andrew J. Kerkhoff

Kenyon College Summer Science 2011, Gambier, Ohio

Abstract Results Results

* There was a decrease In 18s expression (decreased Ct value)
16 | over 5" instar for all genes tested, (Mixed-Effects Model, t =

20 4th 24 HPM __ 2.8859-3.41428, p = 0.0098- 0.0029).
oth 24 HPM « Actin expression was upregulated from 4% to 5™ instar

The surface area to volume ratio decreases as animals
grow resulting in a decrease In relative surface area for
gas exchange and nutrient uptake. Larger animals may }
compensate by increasing surface area with in-folding, H
Increasing the density of transport proteins or decreasing

18

| 5th 48 HPM (Mixed-Effects Model, t = 2.54, P = 0.027) but was down
mass-specific metabolic rate. Manduca sexta grow 12 } 16 = 5th 72 HPM regulated over 5t instar (Mixed-Effects Model, t = 2.36, P =
! - 0.03)

i . - - 14 . - - -
10,000-fold over an 18 day period, molting through five 10 | L » msGaPl expression decreased from 4t to 5t instar (Mixed-
stages, or Instars. Animals grow bigger by increasing cell " } 4th 24 HPM Sk Effects Model, t = 5.52, P = 0.0001) and remained stable
size during intermolt, while cell number increases by cell ok 5th 24 HPM - over the 5t instar. |
division during molting. We investigated _Whether | < Sth 48 HPM v « msGPI expression decreased across the 51 instar (Mixed-
development has an effect on the expression of t_)asu: | 6 0 Effects Model, t = 4.03, P = 0.0008).
metabolic genes. RNA was extracted from anterior midgut } m5th 72 HPM . msGAPDH expression decreased from 24 HPM 5 to 72
tissue from 4t and 5 instar larvae. gRT-PCR was used to 4 0 HPM 5% but there was no overall trend toward decreased
measure the relative expression of select genes involved 1 } s expression over 5" instar (Mixed-Effects Model, t = 3.06, P
In glycolysis, the pentose phosphate pathway (PPP), and 2 = 0.0068).
the cytoskeleton. Target gene expression was normalized 2
to mMRNA levels of the ribosomal housekeeping gene 18s. 0 0 - -

Actin expression increased 3.7 fold from 4t to 5% instar. msACT msGaPl msGAPDH msGP! D ISCUSSION
The PPP gene Glucosamine-6-phosphate isomerase Figure 3. Comparison of 18s Ct values _ _ _
decreased by 70 fold from 4t to 5" instar while the other Figure 2. Comparison of ACt values of metabolic genes for 4" and 5™ instar over 4 and 5" instar (average + 1 STD, » Increased actin expression from 4™ to 5™ instar may
genes tested remained unchanged. Actin and glycolysis anterior midgut tissue (average + 1 STD, n= 5-6 per age). n=20-24). compensate for increased strain on individual cells as total
gene Glucose-6-phosphate isomerase were the only genes mf?SSdOf the organism increases. - i
that showed any change in expression over 5 instar. Both - I d h d » The decrease In 18s expression over the 5T Instar can be
decreased by about 4 fold from day 1 to day 3 of 5t instar. M ate r I a S an M Et O S attributed to decreased protein synthesis throughout the
The expression of these genes suggests a complicated g\star. - | A
picture of gene expression over larval development. Gene Protein Function Primers were designed using Primer Express (Applied SCreaset MeFl EXPIEssion across the 9 hstar may
Biosystems). synthesized (Operon), and optimized. 185 was support a shift from glycolysis to the PPP as larvae prepare
. .  SY '), @ HEst to pupate.
. MsACT AGIN Important cytoskeleton protein used to normalize the data. Quantitative real-time PCR - o%vrersely decreased msGaP| expression from 4% to 5
I ntrOd UCtI O n Glucosamine- using SYBR green was run in triplicate in 96-well optical instar couloi signal a shift from the PPP to glycolysis (Berg et
nsGaPl 6- phopshate ~ Converts D-glucosamine 6-phosphate plates (Applied Biosystems). Each age studied had 5-6 al., 2010)
As animals grow larger their metabolism slows down. Isomerase Into D-fructose 6-phosphate in the PPP. | hjological replicates. Mixed-effects models using the + There is a trend toward increased expression of msGAPDH
We are interested in understanding the mechanisms that (deaminase) statistical program R were used to analyze the data. in 5t instar. consistent with Gibellato and Chamberlain
contribute to this decrease in mass-specific metabolic rate. (1994).
Tobacco Hornworm larvae Manduca sexta are good model Converts glucose-6-phosphate to 6-
organisms because they increase 10,000-fold in weight with Glucose-6- phosphogluconolactone while reducing M I: t W
e _ R MSGAPDH phosphate : e NP =ul k
limited changes in body plan (Yeoh, et al., 2011). deEydropgenase NADP+ to NADPH in the pentose I e Uture or
M. sexta grow through five larval instars, separated by phosphate pathway (PPP). sl rZil [ | « Compare gene expression levels in the posterior midgut of 4t and 5t instar
periods of molting. The total number of cells increases £ _, 'Sat""dae- IR AT e
during molting and cell size increases during intermolt. One _ _ = _ o eteDOTIE GENES (TVRIVER T BHDTESTEIOT TTATSPort At Ty o
lanation for decreased mass-snecific metabolic rate is a Glucose-6- Second enzyme in glycolysis that 2 [ooowws 7 ANEEEERY; Synthesis. o .
€xplanation Tor decreased mass-Specitic metabol msGPI phosphate  reversibly converts glucose-6-phosphate| 5 ARSI L » Find a better method for normalization of qRT-PCR data over the 5t instar.
decrease In eel_l-_speuflc m_etabollc rate as diffusion | - to fructose-6-phosphate. = / | /| wat | |/
becomes a limiting factor in larger cells. We hypothesize Z — ViR } AC kn OWI edgements
that the expression of sele_ct metabolic genes might be Table 1. Target genes under study (Berg et al., 2010). E i {_J- f' | e = . o
Upregmated In compensation. g isad £ il wh - Y f'f 'f Kerkho:‘fv:‘l(());J theilr ir:gvtvlzgger?r/](;n gelrj]itccl)e:f\ge rllf/vlz)ﬂelglellgg ,Iial?e t’g\?ha:ﬁ\livt\:{e
A complicating factor in the analysis of qRT-PCR data Manduca sexta were raised on an artificial wheat SURER oot -
IS the need for a housekeeping gene (HKG) with constant germ diet (Cerollna Blelogleal) an_d keptat 27 °C ona 16L. - '-:":“‘“H / | S
expression to normalize technical variation between 8D photoperiod. Anterior midgut tissue was collected from /N R f
samples. Previous work has suggested that common HKGs At instar and 5™ instar animals 24, 48, & 72 hours post molt *' \ e e re n CeS
are unsuitable for the normalization of CIRT-PCR data (HPM) TISS-Ue was stored at - 80 OCf' Total RNA was Berg, J.M., J.L. Tymoczko, L. Stryer. (2010). Biochemistry; Seventh Edition. W.H. Freeman
beCaUSE thelr eXpreSS|On |S Val’lab|e thrOughOUt eXtraCted USIng TRIZOI reagent (InVItrOgen) and treated for Aot 23145 B 7T 83 WNMERHUBBITEYNN2DNSBTENVMNLTHNBBITEY :a. Gibella(tli)/l, C'dM" M'Et' ?hjamber:ai?'E1994i MidtglIJthe;[abO|i287n(;.i4nogi_1;f8gentinstars of the Tobacco Hornworm
development (MCCUFley and Callard 2008) We DNA contamination USing a Turbo DNA-Free kit (AmblOn) Cvele Number McCurley, A.T., G.V. Callard, 2008. CEaracterization ofggousekeeping denes in zebrafish: male-
4 ] = - - - : female differences and effects of tissue type, developmental stage and chemical treatment. BMC
investigated a number of metabolic genes that have been A TAQman Reverse Transcription Kit (Applied Biosystems) Figure 1. Graphical representation of ACt values for Molecular Biology 9:102. e :

prev|ously used a5 H KGS was used to reverse transcrlbe RNA (100 ng/uL) to CDNA mSGaPI | Yeoh, A.J., K. Davis, A.V. Vela-Mendoza, B.A. Hartlaub, C.M. Gillen. 2011. Effect of body size on

expression of Manduca sexta midgut genes. Comparative Experimental Biology In print.
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