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ABSTRACT 

Microvitellogenin is a female specific yolk protein 

from the tobacco hornwo]:'l1l moth Manduca §exta. A cDNA 

library was constructed from poly (A) + RNA isolated from 

adult female fat body. cDNA clones of mRNA for 

microvitellogenin were isolated by screening the cDNA 

library with antiserum against microvitellogenin. The 

resul ts of Northern blot analysis and hybrid selection 

indicated that the cDNA clone was specific for 

microvitellogenin. The complete nucleotide sequence of the 

834 base pair cDNA insert has been determined by the 

dideoxy chain termination method. The deduced amino acid 

sequence was compared wi th the N-terminal sequence 

determined by Edman degradation, an amino terminal 

extension of 17 amino acids appeared to be a signal 

peptide. The cDNA sequence predicts that the mature 

microvitellogenin is a protein of 232 amino acids with a 

calculated molecular weight of 26,201. A comparison of 

the translated amino acid sequence with the sequences in 

National Biomedical Research Foundation protein library did 

not establish any sequence similarity with known proteins. 

The microvitellogenin gene begins to be expressed in 

the fat body on the first day of the wandering (prepupal) 

females as determined by using the cDNA insert as a probe 

-_ ...... _._ ......... _._,._--
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to hybridize with the mRNA for microvitellogenin. The cDNA 

probe was also used to screen a genomic library of M. 

sexta, yielding three genomic clones for microvitellogenin. 

One of them was characterized and it contained the complete 

microvitellogenin gene. 

Comparison to the 

The gene sequence was determined. 

cDNA sequence showed that the 

microvitellogenin gene contains an intron near the 5 1 ··end 

of the non-coding region. The 5 1 -flanking sequence of the 

gene has been compared to the same regions of YQ genes of 

Drosophila and vitellogenin genes of locust, some similar 

sequences have been observed and discussed. 
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CHAPTER 1 

INTRODUCTION 

The major components of the insect egg yolk, which 

serves as an important source of nutrients during embryonic 

development, are proteins, lipids and glycogen. The 

proteins are stored primarily in yolk granules, large 

membrane-bound quasicrystalline storage vesicles which are 

formed by the accretion of smaller pinocytotic vesicles 

(Anderson, 1970; Roth et al., 1976). 

There are several different yolk proteins in the eggs 

of insects. Some of them, such as lipophorin, most of the 

vitellogenins and 30 kDa proteins are synthesized in the 

fat body and transported to the oocytes through the 

hemolymph. Other proteins are synthesized in the ovary, 

such as the egg-specific protein in silkworm Bombyx mori 

and paravitellin in the silkworm Hyalophora cecropia. This 

dissertation deals with one of the yolk proteins, 

microvitellogenin, a ~30 kDa protein in the tobacco 

hornworm Manduca sexta. M. sexta is a pest of tomato and 

tobacco plants during its larval stages. In this 

dissertation, this insect is used as a subject, not only 

because it is useful for basic research due to its large 

size and short life cycle, but also because it can help in 

--------------------,---------_._------
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understanding insect biology and biochemistry which will be 

necessary in developing new methods of insect control. 

Microvitellogenin has been purified from M. sexta. 

Some of its biochemical and physical properties have been 

investigated. The current work was concerned with the 

determination of both the amino acid sequence and gene 

sequence of M. sexta microvitellogenin using molecular 

biological techniques. First, a general review of insect 

yolk proteins will be presented. 

Insect yolk proteins: synthesis and properties 

The yolk of the insect egg is composed largely of 

proteins that are synthesized and secreted by the fat body 

(this tissue has a function similar to the liver and 

adipose tissue of vertebrates), transported through the 

hemolymph and. taken up by endocytosis through the oocyte 

plasma membrane (Kunkel and Nordin, 1985; Telfer et al., 

1981). Some yolk proteins are general hemolymph proteins 

found in animals of all stages of development and both 

sexes, such as I ipophorin. Lipophorin is a major non-

female-specific protein in yolk. This protein functions to 

transport hydrocarbons, cholesterol and diglycerides during 

all life stages of both sexes (Chino, 1985). In the egg of 

M. sexta, lipophorin consists of two apolipoproteins 

(Mr=245,000; 80,000) and 20% lipid (Kawooya et al., 

submitted). Lipophorin may playa role in lipid transport 
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within the developing egg (Kunkel and Nordin, 1985) instead 

of acting as a nutrient source. 

Some yolk proteins are specific to the adult female. 

The best known of these is vitellogenin. In most insects, 

vitellogenins are synthesized by the fat body, transported 

through the hemolymph to the ovary, and deposited in the 

oocytes as vitellin. In Diptera, however, some 

vitellogenins are also synthesized by the ovary (Heubner et 

al., 1975, Jowett and Postlethwait, 1980). The insect 

vitellogenins that have been characterized exhibit some 

common patterns of structure (Kunkel and Nordin, 1985). 

Most of them are glycolipoproteins. In M. sexta, 

vitellogenin is a large (Mr-500,000) phosphoglycolipo

protein containing two copies of the apoproteins 

(Mr=180,000; 45,000), 13% lipid, 3% carbohydrates and 0.6% 

phosphorus (Osir et al., 1986). It has been demonstrated 

that vitellogenin is synthesized in the fat body (Osir and 

Law, unpublished data) and taken up into maturing oocytes 

by a selective endocytotic process (Osir and Law, 1986). 

Another smaller vitellogenic protein is a 30 kDa 

protein. The 30 kDa protein was first found in both 

hemolymph and eggs of B~ cecropia, originally it was called 

"reluctin" (Telfer et al., 1981), and now microvitellogenin 

or microvitellin (Telfer et al., 1984). Microvitellogenin 

of fl. cecropia is a predominantly female-specific 

glycoprotein. It can be detected in the hemoly~ph 12 days 



after pupation. 
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It has been determined by in vitro 

experiments that microvitellogenin is selectively taken up 

by ovarian follicles of H. cecropia (Kulakosky and Telfer, 

1987) . Microvitellogenin was also purified from both 

hemolymph and eggs of M. sexta by a combination of gel 

permeation, cation-exchange and adsorption chromatographic 

steps (Kawooya and Law, 1983; Kawooya et al. 1986). This 

30 kDa protein is devoid of carbohydrate, lipid and 

phosphorus. It is a female-specific protein, since none 

can be detected in male or larval hemolymph, using a 

sensitive immunoblotting technique (Kawooya et al., 1986). 

Microvitellogenins purified from adult female hemolymph and 

from eggs of M. sexta have the same molecular weight, amino 

acid composition, isoelectric points (pI=7.3), circular 

dichroic spectra, immunological properties and NH2-terminal 

amino acid sequence. But microvitellogenin has no 

immunological, chemical or physical similarities to 

vitellogenin of M. sexta. Microvitellogenins from M. sexta 

and H. cecropia are immunologically related since the 

antibodies against microvitellogenin of M. sexta cross

react with the protein of H. cecropia (Kawooya et al., 

1986). In M. sexta, in vitro incubation of adult female 

fat body or follicles of M. sext~ with [35s ]-methionine has 

shown that the fat body is the site of synthesis of this 

protein. Microvitellogenin is accumulated in the egg, 

presumably by an endocytotic process, but does not use the 
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same endocytotic receptor as vitellogenin (Osir and Law t 

1986). Using antibodies against this protein, 

microvitellogenin can be detected in the female hemolymph 

17 days before adult eclosion in M. sexta (Kawooya et al., 

1986) . 

On the other hand, in other insects, some 30 kDa 

proteins in the egg are non-sex-specific serum proteins, 

such as in~. mori (Zhu et al., 1986). 30 kDa proteins in 

~. mori are a mixture of three monomers. Antiserum to each 

protein cross-reacts with the others. Antiserum against 

microvitellogenin of M. sexta does not cross-react with the 

30 kDa proteins of ~. mori (Yamashita, personal 

communication) . The~. mori 30 kDa proteins, which are 

glycolipoproteins, appear in the hemolymph late of the 5th 

instar (Izumi et al., 1981). 

Some yolk proteins are not found in hemolymph. They 

might be synthesized in the follicle cells surrounding the 

oocytes and transported into oocytes. Those well studied 

are the egg-specific protein in ~. mori and 

paravitellogenin in H. cecropia. Although they appear to 

have similar functions during embryogenesis, these two 

polypeptides have different molecular weights. 

Paravitellogenin has one subunit of 70 kDa (Telfer et aI, 

1981), while the egg-specific protein is a 225 kDa complex 

composed of two 72 kDa and one 64 kDa apoproteins (Zhu et 

al., 1986). In Plodia ,;i.nterpuncteila, the egg-specific 

--_.- .. --.. --.-.. ---------------------~-
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protein consists of two different apoproteins which form a 

protein of 264 kDa (Shirk et al., 1984). It has been 

reported that paravitellogenin is a glycoprotein in E. 

cecropia (Telfer et al., 1981). Lipid and carbohydrate 

have been detected in the egg-specific protein of ~. mori 

(Irie and Yamashita, 1983). 

Molecular genetic studies of yolk proteins in insects 

The most advanced knowledge of gene structures of 

insect yolk proteins are the yolk proteins (vitellogenins) 

in the fruit fly Drosophila melanogaster. 

has been possible with this insect due 

Rapid progress 

to extensive 

knowledge of its genetics, small genome size and generally 

compact genes. Each of the three yolk proteins (ygl, yp£ 

and YQl) is encoded by a different single-copy gene 

(Barnett et al., 1980; Barnett and wensink, 1981). 

Transcripts of these three genes occur with the same 

tissue-, time- and sex-specific patterns. They are found 

in adult females, where they are only expressed in the 

ovarian follicle cells (Brennan et al., 1982) and the fat 

body (Gelti-Douka et al., 1974). All three genes are 

located on the X-chromosome. The ygl gene is adjacent to 

yp£ gene with a 1225 bp separation, but with the opposite 

orientation (Hovemann and Galler, 1982; Hung etg~., 1982). 

YQl gene is about 1000 kb closer to the centromere (Riddell 

et al., 1981). Comparison of these three gene structures 
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shows significant sequence similarity to one another in the 

translated region. Each gene contains one or two small 

introns and the deduced protein sequences have similar 

predicted secondary structure (Hung and Wensink, 1983; Yan 

et al., 1987). Since 5 1 -flanking DNA is believed to be 

involved in the regulation of the y£ genes, extensive 

studies have been performed to identify trans-acting and 

cis-acting DNA sequences. There is a conserved, repeated 

element (H-box) which has homology to both the estrogen 

receptor binding region of vertebrate genes (Baskevitch et 

al., 1985) and the ecdysone, contro~ region of the 

Drosophila heat shock protein 23 gene (Mestril et al., 

1986) (Fig.1). It occurs three times between -50 and -300 

bp in the YPl gene, twice between -150 and -190 bp in the 

Yl22. gene and four times between -100 and --450 bp in Y£.1. 

gene (Yan et al., 1987). Yolk protein synthesis in the fat 

body of Drosophila is controlled principally by 20-

hydroxyecdysone, a steroid hormone produced by the 

prothoracic gland (Handler and 

Postlethwait and Handler, 1979). 

Postlethwait, 1978; 

To study cis-acting control elements that determine 

the transcription pattern in Drosophila, two yolk protein 

genes, Y£.1. and Yl22. were cleaved at a Hind III site which is 

located 342 bp in the Yl22. gene and 883 bp in the Y£.1. gene 

upstream of the transcription start sites (Garabedian et 

al., 1985). By using the P-element-mediated transformation 

---_._,_ .......... , 



y~ -265 ATaAG.AGAACTAAA 
~ -164 A'rCAGCAGAACgAAA 
~ -75 gTCAGCAGAAaatcg 
yp2 -184 AaaAGggGAACgAAA 
~ -161 cTCAtCAGAAgTgtt 
YP.1 -439 tTaAGCAGAAgaAAA 
YP.1 -290 ATCAGCgGAACTAcA 
YP.1 -254 ATCAGgCGgcAgcAg 
YP.1 -113 cTCAGCAcAAgTgAc 

hsp23 ECR -200 5'-AT.GGCAGAT-3' ..... . . 
Yl2 Consensus 5'-ATCAGCAGAACTAAA-3' 

Vertebrate Consensus AGAAACAGA 
T T 
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Figure 1. The H-box sequences in the three Yl2 genes of 
Drosophila. The consensus sequence of H-box has homology 
to the vertebrate steroid hormone receptor binding site and 
the ecdysone response element of the Drosophila heat shock 
protein 23 gene (hsp23 ECR) (from Yan et al., 1987) 
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method (Spradling and Rubin, 1982) , each gene was 

transferred into Drosophila. The transcripts of the 

introduced genes are only found in adult females. But, 

those from the introduced yp£ gene are found in the ovaries 

and those from Y!l1 gene only in the fat body. This 

experiment implies that there are two control elements, a 

fat body element and an ovarian element which together 

determine the tissue specificity of yolk protein 

transcription (Garabedian et al., 1985). When a 5.0 

}~ilobase genomic DNA segment containing a 3' truncated YJ2.1 

gene and a complete yp£ gene was transferred by P-element 

transformation, the transcripts from the introduced Y!l1 and 

yp£ genes accumulated only in the hemolymph and· ovarian 

follicles of adult females (Tamura et al., 1985). Combined 

with the result published by Garabedian et al. (1985), 

Tamura et al. suggested that the tissue-specific control 

elements governed the expression of the divergently 

transcribed YJ2.1 and yp£ genes in a bi-directional fashion. 

One of these elements, which is located on the Y!l1 gene 

side of the Hind III site, controls the expression of both 

YO genes in the fat body. The other which is located on 

the ~ gene side of the Hind III site regulates the 

expression of both YO genes in the ovary. But there are at 

least two cis-acting elements responsible for sex-specific 

regulation of YJ2.1 and ~ genes, one on the Y!l1 gene side 

of the Hind III site and the other on the yp£ gene side of 

----------------------------.-------
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Hind III site (Garabedian et al., 1985). The sex-specific 

ini tiation and maintenance of yolk protein synthesis are 

controlled indirectly by the function of the transformer-2 

gene (Belote et al., 1985), one of the regulatory genes 

governing somatic sexual differentiation 

Nothiger, 1981~ ota et al., 1981). 

(Bownes and 

The tissue specific regulatory region, a fat body 

element, was further localized and characterized 

(Garabedian et al., 1986). This tissue-specific 

transcription enhancer is in a 125 bp segment of DNA 

located 196 bp upstream of the Y£l cap site. This region 

is sufficient to determine the sex-, stage- and fat body-

specific expression of the ~ gene. When in different 

orientations and at different distances from the promoter, 

this region can direct a heterologous promoter to produce 

transcripts with the sex, stage and tissue specificities of 

the ~ gene fat body pattern. 

The 125 bp fat body control sequence of ~ gene was 

compared to the flanking regions of YQl and YQ£ genes (Yan 

et al., 1987). The most homologous sequence found is shown 

in Figure 2. Yan et al. predicted that this sequence might 

be an important control element in YR genes expression. It 

includes a H-box homologous sequence. 

Another cis-acting DNA sequence element has been 

discovered in both of the ~ and YQ£ genes. The in vitro 

transcription of the ~ and YQ£ genes in a Drosophila 
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~ -526 5'-ATCTGCACAAGT ..•• TGTTTCAATCAATCCGTACTAGAATAC-3' . . . . . .. . . . . . . .. . . . .. . .... . . . .. . .... . : : :::: :~: 

Y£1 -313 5'-CGGTGCACAACTACAATGTTGCAATCAG.CGGAACTACAAAGT-3' . .. .. .. . . .. .. .. . . . . .. . . . . . ... .. 
~ -288 5'-AGAGGTTCAAAAACCTTAGTGCGATAAG .. AGAACTAAATGGT-3' 

Figure 2. The homologous sequences of fat body control 
element in Yl2 genes of Drosophila The homologolls 
sequences found be'tween the 125 bp of fat body control 
element of Y£1 gene and 5 '-flanking region of ~ gene. 
The H-boxes are underlined. (from Yan et al., 1987) 
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embryo extract is modulated by the sequences between 86 and 

159 bp and between 101 and 341 bp upstream from the YR1 and 

~ transcription start sites, respectively (Voss and 

Pongs, 1986). These elements stimulate the in vitro 

transcription up to five-fold. Furthermore, a negative 

modulation by sequence elements further upstream and in an 

orientation dependent manner are also observed. 

Using three cloned YQ genes of Q. melanogaster, 

Southern transfer and in situ hybridization experiments 

showed that homologous sequences could be detected in 

sibling species, Q. simulans, Q. manritiana, Q. erecta, Q. 

teissieri and D. yakuba. These genes are all located on 

the X-chromosome, and like Q. melanogaster, two of the 

genes are linked in these species (Kozma and Bownes, 1986). 

In Q. ~rimshawi, genomic DNA clones for vitellogenin have 

been isolated. Vitellogenin 1 and vitellogenin 2 are 

separated by 1. 75 Kb and are in the opposite orientation 

(Hatzopoulos and Kambysellis, 1987). 

The 5 1 -flanking regions of two African migratory 

locust (Locusta migratoria) vitellogenin genes have been 

sequenced (Locke et al., 1987). Like Drosophila, these two 

genes are on the X-chromosome (Bradfield and Wyatt, 1983). 

In the 5 I -flanking region, there are 11 fragments with 

homology to each other which, the authors think, might be 

involved in tissue-specificity or 

regulation (Locke et al. , 1987) . 

juvenile hormone 

In the locust, 
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vitellogenin is regulated only by juvenile hormone, which 

is a sesquiterpene derivative produced by the corpora 

allata, small organs situated behind the brain (Engelmann, 

1979; Hagedorn and Kunkel, 1979; Chen and Wyatt, 1981). In 

addition, vitellogenin genes of mosquito Aedes aegypti have 

also been isolated (Gemmill et al., 1986). 

Recently, a 1.9 kb cDNA clone coding for one of the 

apop:roteins of egg-specific protein. of ~~ .mori has been 

obtained from an ovarian library (Inagaki et al., 1987). 

The 5 ' -terminal (201 bp) has been sequenced and the deduced 

amino acid sequence is iden~ical to. the N-terminal 21 amino 

acid sequence of the purified protein. 

The rationale of this study 

Microvitellogenin has been purified from M. sexta. 

In order to establish a basis for investigating both its 

endocytotic uptake by oocytes and control of 

microvitellogenin synthesis, the structure of the protein 

and its gene sequence need to be established. 'rhe first 

step in this process is determination of the primary 

structure of microvitellogenin. To achieve this goal, a 

cDNA library has been constructed from poly(A)+ RNA 

isolated from adult female fat body. By using antibodies 

against microvitellogenin to screen the library, a cDNA for 

microvitellogenin has been identified. The specificity of 

this cDNA insert for microvitellogenin has been 



characterized. The complete amino 

microvitellogenin has been deduced 

analysis of the cloned cDNA. 
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acid sequence of 

from the sequence 

Furthermore, using the cDNA as a probe to screen a 

genomic library of M. sexta, clones for microvitellogenin 

have been obtained, and the gene sequence of 

microvitellogenin has been determined. Studying the gene 

structure of microvitellogenin, not only confirms the 

sequence of the cDNA, but also leads to an understanding of 

the regulatory aspects of microvitellogenin synthesis in 

female M. sexta. In M. sexta, synthesis of vitellogenic 

proteins are not regulated by juvenile hormone (Nijhout and 

Riddiford, 1974; Kawooya and Law, 1983). Determination of 

the gene structure of microvi tellogenin is an important 

prelude to experiments designed to establish a biological 

function for any of the regions within the gene and/or 

flanking regions. 

------------------------------.~-----
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CHAPTER 2 

MATERIALS AND METHODS 

Animals 

The eggs of ~ sexta were suppl ied by Drs. J. P. 

Reinecke and J. S. Buckner, U. S. Department of 

Agriculture, Fargo, North Dakota. The animals were raised 

in the laboratory according to the procedure of Bell and 

Joachim (1976) on a high wheat germ diet (Reinecke et al., 

1980) . 

Preparation of antiserum against microvitellogenin 

Microvitellogenin was purified from eggs using the 

procedure described before (Kawooya et al., 1986) . 

Purified microvitellogenin (500 ~g) was emulsified in 1 ml 

Freund's complete adjuvant (Miles Scientific, Naperville, 

IL) und intramuscularly administered into the hind limbs of 

a New Zealand white male rabbit (0.5 ml/limb). After four 

weeks, a booster injection (500 ~g microvitellogenin 

emulsified in Freund's incomplete adjuvant) was 

administered and two weeks later, the animal was bled 

through the main ear vein. 

Blood in capped plastic tubes stood at room 

temperature for 3 h and then was stored at 4°C overnight. 
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Serum was separated by centrifugation at 7,000g for 15 min. 

The serum was stored at -70·C with 0.04% sodium azide. 

To test the antibody for titer and purity, protein 

samples were separated on SDS-PAGE (4-15%; Laemmli, 1970) 

and electrophoretically transferred to nitrocellulose paper 

(Millipore, Bedford, MA) in transfer buffer (20 roM Tris-HCl 

pH 8.3, 150 roM glycine, 20% methanol) overnight at 16·C 

(Towbin, gj; al., 1979). The paper was first blocked in 

TPBS (0.05% Tween 20, 10 roM sodium phosphate, 0.9% NaCl pH 

7.5), then incubated with antiserum and finally with 125I_ 

Staphylococcus aureus protein A (Amersham, Arlington, 

Heights, IL) (Burnette, 1981). Radioactive labeled protein 

bands were visualized by autoradiography. 

Collection of fat body 

Fat bodies were dissected from abdomens of insects at 

different life stages. After they were rinsed with ice

cold phosphate-buffered saline (0.1 M sodium phosphate pH 

7.0, 0.15 M NaCl), the fat bodies were frozen immediately 

and stored at -70·C until use. 

RNA extraction 

The total RNA was extracted from fat body by a 

modification of the method described by Chirgwin et al. 

(1979). 
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The fat body was homogenized in 4M guanj.dinium 

thiocyanate solution. The homogenate was then centrifuged 

for 10 min at 8,000 rpm (Sorvall) at 10 D C. The RNA in the 

supernatant was precipitated by 0.75 volume of absolute 

ethanol at -20 DC overnight. The pellet was resuspended in 

7.5 M guanidine hydrochloride solution (half of the 

original volume) and precipitated by 0.5 volume of ethanol 

at -20 DC for at least 3 h. The RNA precipitation from 

guanidine hydrochloride solution was repeated in one fourth 

of the original volume. 

The pellet containing RNA was dispersed in H20 and 

extracted once with an equal volume of phenol which was 

saturated with TE buffer (10 roM Tris-HCI pH 8.0, 1 roM EDTA) 

and twice with chloroform. The RNA in the aqueous phase 

was precipitated by adding 2 volumes of ethanol in the 

presence of sodium acetate. The pellet was reprecipitated 

by potassium acetate and ethanol. Finally the pellet was 

washed with 70% ethanol and dried under vacuum. The 

concentration of RNA was calculated by measuring the 

absorbance at 260 nm. 

Isolation of poly(A)+ RNA 

Poly (A) + RNA was separated from total RNA by two 

cycles of binding to an oligo(dT)-cellulose chromatography 

column (Aviv and Leder, 1972). The RNA sample was heated 

at 65 DC for 5 min and :J.oaded onto the column in binding 
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buffer (10 roM Tris-HCI pH 7.4, 1 roM EDTA, 0.4 M NaCI, 0.1% 

SDS). Then the column was washed extensively with the same 

buffer. The poly (A)+ RNA was eluted from the column by 

elution buffer (10 roM Tris-HCI pH 7.4, 1 roM EDTA, 0.05% 

SDS) and precipitated by ethanol. 

In vitro translation 

The total RNA or poly (A)+ RNA was translated in a 

wheat germ cell-free system (Anderson et al., 1983). 

[35s ]-methionine (NEN, Boston, MA) was used as the labeled 

amino acid. The reaction was incubated at 30°C for 1 hand 

terminated by adding RNase. Incorporation of label into 

protein was moni tored by 'I'CA precipi tation. The 

microvitellogenin translation product was also immuno

precipitated using antiserum and Pansorbin 2. aureus cells 

(Calbiochem-Behring, La Jolla, CA) (Cole et al., 1987). 

The labeled translation products were analyzed by running 

on SDS-PAGE (4-15%). The gel was first fixed in 7.5% 

acetic acid, then treated for fluorography in acetic acid 

solution with 2% 2-methyl naphthalene and 0.4% PPO (Prasad 

et al., 1986). Finally it was dried before 

autoradiography. 

cDNA synthesis 

Double stranded cDNA 'vas synthesized by using a cDNA 

Synthesis System kit (Amersham). The first strand of cDNA 
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synthesis was initiated by addition of reverse 

transcriptase and an oligo (dT) primer at 42·C for 40 min. 

The second strand cDNA was synthesized using ~. coli RNase 

H and DNA polymerase I. The reaction was incubated at'12·C 

for 60 min and then at 22·C for another 60 min. The 

enzymes were inactivated at 70·C for 10 min. Finally, T4 

DNA polymerase was added and incubated at 37·C for 10 min. 

The double stranded cDNA was purified by extraction with an 

equal volume of phenol twice and chloroform once. The cDNA 

in the aqueous phase was precipitated by ethanol in the 

presence of 4 M ammonium acetate at -20·C overnight. 

Cloning 

The double stranded cDNA was methylated by EcoR I 

methylase in EcoR I methylase buffer (50 roM Tris-HCI pH 

7.5, 1 roM EDTA, 5 roM DTT) at 37·C for 2 h using S-adenosyl

L-methionine as a substrate. The methylation reaction was 

terminated by heating at 70·C for 15 min. 51_[~_32PJ-ECOR 

I linkers (BRL, Gaithersburg, MD) were added to the above 

mixture. The ligation was performed in ligation buffer (50 

roM Tris-HCI pH 7.5, 10 roM MgS04' 10roM DTT, 1 roM ATP) with 

T4 DNA ligase (1 unit, BRL) at 12·C overnight. The 

ligation reaction was stopped by adding lOx EcoR I buffer 

(0.5 M Tris-HCI pH 7.5, 1 M NaCI, 0.1 M MgCI2) and 

incubating at 70·C for 15 min. EcoR I was added to cleave 

the excess linkers at 37·C for 2 h. The above solution was 
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mixed with 1 JJl 0.25% bromophenol blue in 50% glycerol and 

size fractionated on Sepharose CL-4B chromatography (37cm x 

0.2cm) to remove the excess EcoR I linkers. Three-drop 

fractions in 1.5 ml microcentrifuge tubes were collected. 

The radioactivity was monitored by Cerenkov Radiation. The 

first peak of radioactivity was pooled. The double 

stranded cDNA was coprecipitated with 1 JJg of phosphatase

treated ).gt11 arms (Promega Biotech, Madison, WI). The 

pellet obtained by ethanol precipitation was suspended in 

TE buffer. The cDNA was ligated with ).gt11 arms in the 

presence of T4 DNA ligase (0.5 unit). The reaction mixture 

was incubated at 12-14°C overnight. Then the DNA was 

packaged using a commercial packagene kit (Promega Biotec.) 

at 22°C for 2 h. Phage dilution buffer (0.01 M Tris-HCl pH 

7.9, 0.1 M NaCl, 10 roM MgS04) and chloroform were added to 

terminate the reaction. 

4°C. 

The cDNA library was stored at 

Screening of cDNA library with antiserum against 

microvitellogenin 

The antiserum against microvitellogenin was used to 

screen the cDNA library. The phage were propagateded in E. 

coli Y1090, which was cultured in Luria-Bertani (LB) medium 

(1% tryptone, 0.5% yeast extract, 1% NaCl, pH 7.5) at 37°C 

overnight and resuspended in 10 roM MgS04 (four tenth of the 

original volume). Aliquots of the library were mixed with 

-------_ ... -.-----
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these plating cells and incubated at 37·C for 15 min. The 

cells were mixed with 3 ml LB soft agar (0.8%, pH 7.5) at 

50·C and poured onto a 85 rom LB plate (1.5% agar, pH 7.5). 

The plates were incubated at 42·C for 2.5-3 h until small 

plaques could be seen. The viral plaques were transferred 

to nitrocellulose filters according to Huynh et al. (1985). 

Each plate was loaded with a dry nitrocellulose filter 

which had been saturated in 10 roM 1PTG solution. After 

incubation for another 2.5 h at 37·C, the filters were 

peeled off the plates and dried at 80·C for 2 h under 

vacuum. 

The dried filters were first blocked in MNTA (3% 

nonfat milk, 0.9% NaCI, 10 roM Tris-HCI pH 7.5, 0.02% sodium 

azide) (Johnson et al., 1984), and then incubated with 

antibody solution and [1251 ]-labeled Staphylococcus aureus 

protein b sequentially. 'fhe - excess antibody and [1251 ]_ 

protein A were washed out from the filters in MNTA 

containing 0.1% Triton X-100. Finally the filters were 

autoradiographed. 

plates and shaken 

rescreened until 

The positive plaques were picked up from 

in phage dilution buffer. They were 

all plaques on the plate reacted 

positively with microvitellogenin antibody. 

Isolation of lambda DNA 

Lambda DNA from positive clones was obtained by the 

plate lysate method (Maniatis et al., 1982). The plate 
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which had about 105 pfu was incubated at 42' C until the 

plaques covered the surface of the plate. Three 

milliliters of lambda dilution buffer was added onto the 

plate and gently shaken at room temperature for 1 h. The 

lambda dilution buffer was centrifuged to remove the 

bacterial debris. Lambda DNA was isolated using the method 

described by Benson et ala (1984). The supernatant was 

mixed with equal amount of DEAE-cellulose (DE52, Whatman, 

Clifton, NJ), which was suspended in LB medium, to remove 

the contaminating cellular DNA and RNA. After 

centrifugation, the phage in the supernatant were 

precipitated by isopropanol at -20·C. The pellet was 

suspended in TE buffer and subjected to phenol and 

chloroform extraction. The DNA was recovered by ethanol 

precipitation and centrifugation. 

Electrophoresis of DNA 

Electrophoresis of DNA was carried out on the agarose 

horizontal slab gel. It was run in TBE buffer (0.1 M Tris

HCI pH 8.3, 0.89 M Boric acid, 0.002 M EDTA). The gels 

were stained with ethidium bromide (1 ~g/ml). Lambda DNA 

digested by Hind III and EcoR I was used as a size marker. 

screening of libraries with DNA probe 

The positive clone obtained by screening the cDNA 

library with antiserum against microvitellogenin was nick-
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translated as described below and used as a probe. 

The cDNA library phage were infected into ~. coli 

Y1090 and the genomic library phage were infected into ~. 

coli P2392. They were plated out as described before. The 

plates were incubated at 42·C for about 6 h. The 

nitrocellulose filters were lifted from the plates and 

denatured in 1.5 M NaCI, 0.5 M NaOH, neutralized in 1.5 M 

NaCI, 0.5 M Tris-HCI pH s.o. The filters were dried under 

vacuum at so·c. 

The dried filters were prewashed at 65·C in prewash 

solution (50 mM Tris-HCI pH S.O, 1M NaCI, 1 mM EDTA, 0.1% 

SDS) for 2 h, and then they were prehybridized in 4xSET 

(0.6 M NaCI, O.OS M Tris-HCI pH 7.S, 4 mM EDTA) with 10 x 

Denhardt's solution (0.2% ficoll, 0.2% polyvinyl

pyrrolidone, 0.2% BSA), 0.1% SDS, 0.1% sodium pyrophosphate 

as well as denatured salmon sperm DNA (50 ~g/ml) at 65·C. 

After 2 h, the filters were hybridized in the same solution 

with labeled probe overnight at the same temperature. 

Washing steps were twice in 4xSET solution with 0.1% SDS at 

room temperature and twice in 0.5xSET, 0.1% SDS solution at 

65·C. Finally, the membranes were autoradiographed. The 

positive plaques were rescreened until homogeneous. 

Northern blot 

Total RNA or poly (A)+ RNA extracted from M. sexta or 

H. cecropia was loaded on a 1.5% agarose gel containing gel 
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running buffer (40 roM MOPS pH 7.0, 10 roM sodium acetate, 1 

roM EDTA) and 2.2 M formaldehyde (Maniatis et al., 1982). 

After it was separated on the gel, RNA was 

transferred from the gel to Nytran or nitrocellulose 

membrane (Schleicher & Schuell, Keene, NH) with 10xSSC (1.5 

M NaCl, 1.5 M sodium citrate) overnight. The membrane was 

baked at 80·C under vacuum for 2 h and stored at 4·C until 

use. 

Southern blot 

After the DNA was electrophoresed on the agarose gel, 

the gel was denatured in 1.5 M NaCl, 0.5 M NaOH solution 

for 30 min at room temperature and the DNA was transferred 

to Nytran membrane overnight (see Northern blot). The 

membrane was neutralized in a solution (1 M NaCl, 0.5 M 

Tris-HCl pH 7.0) at room temperature for 30 min and baked 

at 80·C, before the Nytran membrane was stored at 4·C. 

DNA labeling 

DNA was routinely labeled by nick-translation as 

described by Maniatis et al. (1982). The DNA was added to 

nick~translation buffer (0.05 M Tris-HCl pH 7.2, 0.01 M 

MgS04' 1 roM DTT) and mixed with DNase and DNA polymerase I 

(BRL) and [a-32p]-dATP or dCTP and three other unlabeled 

dNTPs. The reaction was carried out at 15·C for 1 h. The 

nick-translated DNA was separated from free [a-32P]-dATP or 
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dCTP by the spun column procedure (Maniatis et al., 1982). 

The reaction mixture was loaded onto a packed Sephadex G-50 

syringe column (1 ml), then centrifuged. The labeled DNA 

was collected from the column. 

5 I -end labeling was also used. The synthetic DNA 

oligonucleotide was labeled at the 5 1 -end with [~_32p]-dATP 

(4000 ci/mmole) using T4 polynucleotide kinase (New England 

Biolabs, Beverly, MA). The reaction was performed in 

kinase buffer (50 roM Tris-HCl pH 7.6, 10 roM MgC12' 5 roM 

DTT, 0.1 roM spermidine, 0.1 roM EDTA) at 37°C for 1 h in the 

presence of enzyme (20 units). 5 I -end labeled DNA was 

obtained by the spun column procedure as described before. 

Hybridization 

The Nytran membrane was soaked in prehybridization 

solution (1 M NaCl, 0.01 M Tris-HCl pH 7.0, 1% SDS, 100 

~g/~l denatured salmon sperm DNA) and shaken at 65°C for 2 

h. The membrane was hybridized with 32P-labeled probe 

(lX10 6 cpm/ml) in prehybridization solution overnight at 

65°C. The Nytran sheet was washed twice with 2xSSC 

solution with 1% SDS at room temperature and twice with 

0.2xSSC, 1% SDS solution at 65°C. 

For the nitrocellulose filter, the prehybridization, 

hybridization and wash conditions were the same as 

described for library. screening with a labeled probe. 
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Hybrid selection of specific mRNA 

The cDNA insert (2 ~g) o~ plasm~d without insert (6 

~g) was spotted onto nitrocellulose filters (1 cm x 1 cm) 

(Miller et al., 1983). The filters were then denatured in 

0.5 M NaOH, 1.5 M NaCl three times for one minute each. The 

fil ters were neutralized in 2 M Tris-HCl, 2xSSC (pH 7.4) 

and washed in 2xSSC in the same way. Finally the filters 

were soaked in 2xSSC for 30 minutes and air dried. The 

filters were baked in a vacuum oven at 80'C for 2 hours. 

The filters with immobilized DNA were cut into small pieces 

and prehybridized at 42'C for 30 minutes in hybridization 

solution (50% formamide, 750 roM NaCI, 40 roM Pipes pH 6.4, 

0.2% SDS, 5 roM EDTA). Hybridization (50 ~l) was performed 

in the presence of adult female fat body poly A+ RNA (5 ~g) 

at 42'C for 4 hours. The filters were washed twice in 

hybridization solution and once in washing solution (40 roM 

Pipes pH 6.4, 150 roM NaCI, 5 roM EDTA, 0.2% SDS) at 42'C, 

then 7 times in washing solution, twice in washing solution 

without SDS and twice in 2 roM EDTA solution at 60'C. The 

hybridized RNA was eluted from the filter by boiling for 1 

min in 200 ~l of 1 roM EDTA (pH 7.9) containing 25 ~g/ml 

tRNA and then frozen immediately in a dry ice and ethanol 

bath. The elution step was repeated. The solutions were 

pooled and RNA was recovered by ethanol precipitation and 

dissolved in distilled water for in vitro translation. 
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subcloning 

The positive clones were subcloned into plasmids for 

convenient manipulation. The positive phage were digested 

wi th appropriate restriction enzymes. The reaction was 

terminated by phenol and chloroform extraction. The DNA 

was recovered by ethanol precipitation. The DNA insert was 

ligated into the plasmid pTZ18U or pTZ18R which was cut by 

same enzyme as described in Cloning. 

The ligated DNA was used to transform competent cells 

of g. coli JM 101. Competent cells were produced according 

to the method of Messing (1983). Fresh 2xYT broth (1. 6% 

tryptic peptone P, 1% yeast extract powder, 1% NaCl pH 7.5) 

was inoculatE';!d by overnight culture of JM101 and shaken at 

37°C until the culture was in log phase (00. 0.4-0.6 at 590 

nm). The cells were harvested by centrifugation. Then the 

cells were suspended in 0,1 M MgC12 on ice. After 20 min, 

the cells were collected and resuspended in 0.1 M CaC12 

(one-fortieth of the original volume). The competent cell.s 

were kept on ice for 1 h before transformation. 

Transformation was done as described in GENESCRIBE

ZTM protocol (United states Biochemical Corporation, 

Cleveland, Ohio). Ligated DNA (4-40 ng) was added to 0.1 

ml competent cells and left on ice for 45 min. Then it was 

heated at 42°C for 2 min and mixed with 0.5 ml of 2xYT 

medium. The mixture was incubated at 37°C for 1 h. The 

cells were spread on the 2xYT plates with x-gal (1 mg), 
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IPTG (0.4 mg) and ampicillin (50 Jlg/ml). 'l'he white 

colonies were picked and DNA isolated from a mini

preparation (see below) was digested by the appropriate 

restriction enzyme to identify the right clones. 

Isolation of plasmid DNA 

Minipreparation: Plasmid DNA was isolated by a 

boiling method (Holmes and Quigley, 1981). A broad swipe 

of cells was picked up from a plate and suspended in 100 JlI 

cold STET buffer (8% sucrose, 5% Triton X-100, 50 roM EDTA, 

50 roM Tris-HCI pH 8.0). Eight microliters of fresh 

prepared lysozyme solution (10 mg/ml) was added. The tube 

was placed in a boiling water bath for 1 min, followed by 

centrifugation. The supernatant was mixed with isopropanol 

and chilled at -20 ° C for 5 min. The plasmid DNA was 

collected by centrifugation. 

Large scale isolation: Five milliliters of LB medium 

containing ampicillin (50 Jlg/ml) was inoculated with a 

single bacterial colony. It was cultured at 37°C overnight 

and used to inoculate 500 ml of LB medium which was then 

shaken overnight at 37°C. The cells were collected by 

centrifugation and lysed by the alkali method (Maniatis et 

al., 1982). The cells were suspended in 20 ml solution I 

(50 roM glucose, 25 roM Tris-HCI pH 8.0, 10 roM EDTA) with 5 

mg/ml lysozyme and left at room temperature for 5 min. 

Then the solution was mixed with 40 ml of solution II (0.2 

.------------
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N NaOH, 1% SDS) and 30 ml of 5 M potassium acetate (pH 4.8) 

sequentially on ice. The cell DNA and bacterial debris 

were separated from plasmid DNA by centrifugation at 20,000 

rpm for 20 min at 4°C. The plasmid DNA was recovered by 

adding 0.6 volume of isopropanol to the supernatant and 

standing at room temperature for 15 min, followed by 

centrifugation. The pellet was dissolved in TE buffer and 

subject.ed to cesium chloride (1 g/ml) -ethidium bromide 

(600 ~g/ml) density gradient centrifugation at 45,000 rpm 

in 60 Ti rotor (Beckman) at 20°C overnight. The lower band 

containing the plasmid was collected. Ethidium bromide was 

removed from DNA solution by repeated extractions with 1-

butanol saturated with water. The DNA was concentrated by 

ethanol precipi tatio'n. 

Production of single stranded DNA 

Single stranded DNA was prepared by a modification of 

the procedure of Dente et al., (1983) as described in 

GENESCRIBE-ZTM protocol. pTZ18U or pTZ18R transfoL-med 

JM101 (2 ml) was cultured in 2xYT media with ampicillin (50 

~g/ml) at 37°C overnight. 200 ~l of this overnight 

culture was used to inoculate 10 ml 2xYT media with 

ampicillin (100 ~g/ml). After 30 min, the culture was 

infected with M13K07 helper phage at a multiplicity of 

infection of 10 pfu per cell and shaking was continued at 

37°C for 30 min. Then kanamycin (70 ~g/ml) was added and 
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the culture was continually shaken at 37·C for another 14-

18 hours. 

The culture was repeatedly centrifuged at 17,000 rpm 

(Sorvall) at 4·C until no pellet was formed. A solution 

containing 20% polyethyleneglycol (PEG 8,000) and 3.5 M 

ammonium acetate was added to the supernatant (one-fourth 

of the original volume), which stood on ice for 30 min. 

The phage particles were collected by centrifugation. The 

pellet was suspended in TE buffer and subjected to phenol 

and chloroform extraction followed by ethanol 

precipitation. The single stranded DNA was resuspended in 

20 ~l distilled water and stored at -20·C. 

sequencing 

DNA sequence determination was performed by using the 

dideoxy chain termination method (Sanger et al., 1977). 

Sequencing gels were 8% acrylamide and 8 M urea in TBE 

buffer. 

To sequence the whole cDNA insert, two subclones with 

different orientations were digested by different 

restriction enzymes overnight. The fragments containing 

plasmid DNA were separated on an agarose gel and eluted 

onto a NA-45 DEAE membrane (Schleicher & Schuell). The DNA 

was recovered from the membrane by incubation in high salt 

solution (0.01 M Tris-HCl pH 7.5, 1 M NaCl, 1 roM EDTA) at 

65· C for 1 h and ethanol precipitation. The DNA was 



44 

ligated and used to transform E. coli JM101. 

For the cDNA sequence reaction, the template DNA and 

the primer were denatured at 90-100·C for 3 min and cooled 

slowly at room tempera.ture allowing the primer to anneal to 

the template. The DNA was taken for four separate 

reactions, each containing only one of the dideoxy 

nucleotide and dCTP, dGTP and dTTP (BRL) as well as [35S]_ 

dA~P (1000 Ci/mmole, NEN). The reaction (37·C, 20 min) was 

performed in polymerase reaction buffer (70 roM Tris-HCI pH 

7.5, 70 roM MgCI2' 500 roM NaCI, 10 roM DTT) with the large 

fragment of DNA polymerase (Klenow fragment). Non

radioactive dATP was added to chase and the reaction was 

incubated for another 20 min. The reactions were stopped 

by adding stop buffer (95% deionized formamide, 0.1% xylene 

cyanol FF, 0.1% bromophenol blue, 10 roM EDTA). The samples 

were heated at 100·C for 3 min before loading on the 

sequencing gel. 

To sequence the microvitellogenin gene, the positive 

clone was cut by two different restriction enzymes, Hind 

III and Sal I respectively and subcloned into plasmids. 

'I'he DNA fragment cut by Hind III was ligated into pTZ18R 

and subjected to exonuclease III deletion (Henikoff, 1984). 

The plasmid DNA was first digested with Kpn I and BamH I. 

Proteins were removed by phenol extraction and DNA was 

precipitated by ethanol. The DNA pellet was dissolved in 

exonuclease III buffer (66 roM Tris-HCI pH 8, 0.66 roM 

--_ ... -._ ..... . 
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Exonuclease III (65 units/",l BRL) was added to 

start the reaction at 37"C. Aliquots were removed at 30 

se;:;ond intervals and mixed with exonuclease III stop buffer 

(0.2 M NaCI, 5 nu'1: EDTA, pH 8), and incubated at 70"C to 

inactivate the enzyme. DNA recovered by ethanol 

precipitation was dissolved in Sl nuclease buffer (0.25 M 

NaCI, 30 roM potassium acetate, pH 4.6, 1 roM ZnS04' 5% 

glycerol) and incubated with Sl nuclease (87 Vogt units/ml) 

for 30 min at room temperature. The reaction was stopped 

by addition of Sl nuclease stop buffer (0.5 H Tris-HCI pH 

8, 0.125 M EDTA). Protein was removed by phenol 

extraction. DNA collected by ethanol precipitation was 

dissolved in Klenow buffer (20 roM Tris-HCI pH 8, 7 roM 

MgCI2) and the blunt ends were formed in the presence of 

Kleno\,l fragment (2.5 units/ml) and dNTP mixture at 37"C for 

10 min. The DNA was ligat~d and used for transformation as 

described before. 

The other DNA clone cut by Sal I was ligated into 

pTZ18U plasmid. The 600 nucleotide sequence from Sal I to 

Hind III which has been sequenced in the Hind III clone was 

deleted by Hind III digestion. The remaining fragment was 

sequenced from both ends. 

The gene for microvitellogenin was sequenced using a 

commercial kit, Sequenase (USBC). DNA and primer were 

heated to 65"C for 2 min and annealed to each other at room 

temperature. Then [35S]-dATP, three other dNTPs and 



sequenase 

Richardson, 

(a modified 

1987) were 

T7 DNA 

added 

polymerase, Tabor 

and incubated at 
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and 

room 

temperature for 5 min. The labeling solution was 

transferred to each termination tube (ddNTP and other three 

dNTPs) and incubated at 37°C for 5 min. The reaction was 

stopped by adding stop buffer. Samples were heated to 75°C 

for 2 min before loading onto the sequencing gel. 

After electrophoresis, the gel was fixed in 5% acetic 

acid and 5% methanol solution. Then it was dried and 

autoradiographed. 

Primer extension analysis 

Location of the initiation site of the transcription 

of microvitellogenin mRNA was determined by the method of 

primer extension analysis (Williams and Mason, 1983). A 

21-mer synthetic oligonucleotide was labeled at the 5 1 -end 

(see DNA labeling) and used as a primer. The labeled 

primer (2.9 fmole) was incubated with poly A+ RNA (95 ng) 

from adult female fat body or total RNA (1 pg) from 

wandering female fat body or no RNA in hybridization buffer 

(0.4 M NaCl, 10 mM Pipes pH 6.4) at 60°C for 4-6 h. The 

primer was elongated by use of reverse transcriptase (10 

units; Stratagene, CA) in the reaction buffer (50 mM Tris

HCl pH 8.2, 10 mM OTT, 6 mM MgC12) with dNTPs (50 pM) at 

42°C for 1 h. Then the nucleic acid was recovered by 

ethanol precipitation and dissolved in stop buffer which 

-------------------------- ... --.-~ 
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was used for sequencing. The primer extension product was 

sized by electrophoresis adjacent to a sequencing ladder in 

an 8% sequencing gel. 

Ligation of animals 

Female animals were anesthetized with C02 and ligated 

at the abdomen, just anterior of the first pair of the 

abdominal prolegs. The anterior part of the ligation was 

dissected and the \-round was sealed with mel ted wax and 

superglue. The fat body tissue from 3 animals was 

dissected at 24 hours intervals. 

Dot blot 

Cellular cytoplasmic RNA was prepared as described by 

White and Bancroft (1982). The fat body collected from the 

ligation experiment was homogenated in TE buffer \-lith 5% 

Triton X-100. After centrifugation, the supernatant was 

subjected to phenol and chloroform extraction. Finally, 

the aqueous phase was mixed with 37% formaldehyde and 

incubated at 60°C for 15 min. 

The RNA samples were applied with suction to a 4-mm 

diameter spot on a Nytran membrane supported on a 

HYBRI.DOTTM Manifold (BRL). The membrane was baked at 

80°C. Prehybridization and hybridizat.ion were done as 

described before. 
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CHAPTER 3 

RESULTS 

specificity of the antiserum against microvitellogenin 

Before the al1tise:r'um against microvitellogenin was 

used to screen the cDNA library to identify the specific 

clones for microvitellogenin, the titer and purity of the 

antiserum were determined. The antiserum against 

microvitellogenin was obtained as described (Materials and 

Methods). One percent serum was used to immunoblot 

proteins from different tissues. The result (Fig.3) showed 

that anti-microvitellogenin not only reacted with purified 

protein (lane 4, 5, 6), but also microvitellogenin present 

in adult female hemolymph and eggs (lane 2, 3). The 

antiserum against microvitellogenin was specific for 

microvitellogenin, since only one band was observed in 

female hemolymph and eggs. There is no microvitellogenin 

in adult male hemolymph, and as expected no reaction could 

be visualized (lane 1). 

Construction of the cDNA Library 

Earlier studies have shown that microvitellogenin is 

synthesized in the adult female fat body of ~ sexta 

(Kawooya et al., 1986). Therefore the mRNA (2 ~g) isolated 
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1 2 3 4 5 6 

Figure 3. The specificity of the antiserum against 
microvitellogenin. Adult male and female hemolymph (lane 
1,2) and egg homogenate (lane 3) as well as purified 
microvitellogenin (lane 4, 5, 6) were separated on SDS-PAGE 
(4-15%) and transferred to nitrocellulose paper. Following 
the transfer, the nitrocellulose membrane was incubated 
with antiserum against microvitellogenin (1%). After 
several washing steps, the blots were then incubated with 
125I-staphylococcus aureus protein A and the bands located 
by autoradiography. 1 ~l of hemolymph was diluted lO-fold 
and 1 ~l was loaded on the gel. The purified protein in 
lane 4, 5, 6 are 5, 2.5 and 0.5 ~g respectively. 
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from adult female fat body was used to construct a cDNA 

library in the ~ coli expression vector Agt11 according to 

the procedure described under "Materials and Methods". The 

efficiency of the cDNA library was 1X105 recombinants per 1 

Jjg of mRNA. In the library, twenty percent of the total , 
phage were recombinants. Ten recombinants were :r:andomly 

chosen to determine the size of the insertions. DNA was 

isolated from individual plaques and digested with EcoR I. 

The insert size was determined on an agarose gel. As shown 

in Figure 4, all of the 10 phage contained EcoR I fragment 

inserts with an average length of 900 bp. 

screening of the cDNA library 

The cDNA library was screened for microvitellogenin 

cDNA using antiserum against microvitellogenin as described 

in "Materials and Methods". After screening of 3. 2X10 4 

plaques, five clones which gave positive signals were 

obtained after the 3rd screening. Determination of the 

insert size showed that two of them and inserts of 830 bp, 

the other three were rather small. The two large inserts 

hybridized to each other (data not shown). Rescreening 

1x104 more plaques from the library using the nick

translated large cDNA insert failed to yield longer 

inserts. 
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-1980 
-1590 
-1370 

- 940 
- 830 

- 560 

Figure 4. An agarose gel showing the insert size of 
different clones. The phage DNA was isolated from randomly 
chosen recombinant clones and digested by EcoR I. They were 
loaded on a 1.5% agarose gel and stained with ethidium 
bromide. Right side is lambda DNA cut by Hind III and EcoR 
I as the size standard. 
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Northern blot 

In order to confirm that the cDNA insert was specific 

for microvitellogenin, one of the large inserts was further 

characterized. Poly (A) + RNA from different life stages 

and both sexes of M. sexta was subjected to Northern blot 

analysis. The cDNA insert was nick-translated and used as 

a probe to hybridize to three different sources of mRNA. 

The result is shown in Figure 5. The cDNA insert 

hybridized to fat body mRNA only from the adult females 

(lane 2). That mRNA was absent in poly (A) + RNA from 

larval females or adult males, since no hybridization 

occurred in these two samples (lane.l and 3). This result 

demonstrated that the cDNA insert was specific for mRNA 

which was only present in the adult female. 

Hybrid selection 

To confirm further that the cDNA insert was specific 

for microvitellogenin, a hybrid se],ection experiment was 

performed. The cDNA insert was hybridized to poly (A)+ RNA 

from adult female fat body of M. sexta. The plasmid 

without an insert was used as a control. The mRNA hybrid-

selected was translated in vitro. The translational 

products were analyzed on SDS-PAGE and fluorographed. As 

shown in Figure 6, the protein product translated from the 

mRNA hybrid-selected by the cDNA insert had similar 

migration compared to mature microvitellogenin (lane 2 and 
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1 2 3 

-830bp 

Figure 5. Northern blot showing the specificity of the cDNA 
insert. Equal amounts (1.5 ~g) of poly (A)+ RNA from ~ 
sexta were run on a agarose gel (1. 5%) containing 2.2 M 
formaldehyde and then transferred to Nytran membrane 
overnight. The membrane 'Ilas hjbridized lid th the cDNA 
insert which was labeled with 2p by nick-translation. 
After washing, the membrane was autoradiographed. Lane 1, 
mRNA from larval female; Lane 2, mRNA from adult female; 
Lane 3, mRNA from adult male. The marker on the side 
refers to the size of the insert (830bp). 



Figure 6. Identification of cDNA insert for 
microvitellogenin by hybrid selected mRNA translation. 
cDNA insert and plasmid without insert bound on 
nitrocellulose filters were used to hybridize poly (A)+RNA 
of adult female fat body. The hybrid selected mRNA was 
eluted from the filter and translated in vitro. 
Translation products were analyzed on SDS-PAGE (4-15%) 
directly or following immunoprecipitation and 
autoradiographed. Lanes are: 1. translation products of 
female mRNA hybrid selected by plasmid only; 2. translation 
products of female mRNA hybrid selected by cDNA insertt 3. 
translation products of total female mRNA; 4. [12~I]
labeled microvitellogenin. 5. immunoprecipitation of 
translation products of total female adult mRNA with anti
microvitellogenin; 6. immunoprecipitation of translation 
products of mRNA hybrid selected by cDNA insert; 7. 
immunoprecipitation of translation products of mRNA hybrid 
selected by plasmid. 8. [14C]-labeled molecular weight 
markers (kDa). 
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Figure 6. Identification of cDNA insert for 
microvitellogenin by hybrid selected mRNA translation 
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4). Furthermore it could be immunoprecipitated by 

antiserum against microvitellogenin (lane 6). 

mRNA did not show any translational products 

The control 

(lane 1). 

Therefore, no product was immunoprecipi tated (lane 7). 

From these results it was concluded that this cDNA insert 

indeed corresponded to the mRNA for microvitel+ogenin. 

Nucleotide Sequence of Microvitellogenin cDNA and Its 

Deduced Amino Acid Sequence 

After it was shown to be specific for 

microvitellogenin, the positive cDNA insert was sequenced 

using the dideoxy termination method (Sanger et al., 1977). 

The restriction map and the strategy for sequencing the 830 

bp insert is shown in Figure 7. The complete sequence was 

determined at least twice in both directions. The complete 

nucleotide sequence of the microvitellogenin cDNA is shown 

in Figure 8. The translation initiation codon is 12 bp 

downstream from the 5'-EcoR I site. The nucleotides 

preceding the AUG codon are CAAA AUG which matches 

perfectly the consensus translation initiation sequence for 

Drosophila mRNA [(C/A)AA(A/C) AUG], as established by 

Cavener (1987). The termination codon occurs at the 

nucleotides 759-761. Hence, translation of the DNA 

sequence from nucleotide 12 to 761 encodes a 249 amino acid 

polypeptide with a calculated Mr of 28,005. 53 amino acids 

of the NH2-terminal sequence determined by Edman 



Figure 7. Partial restriction map and the sequence 
strategy for the microvitellogenin cDNA insert. The scale 
at the bottom designates the nucleotide position in bases 
from the 5 1 -terminal EcoR I restriction site. The open box 
indicates the sequence encoding the mature protein. The 
cross-hatched box represents the sequence coding for the 
putative signal peptide. The arrows indicate the direction 
and the extent of sequence determined from each site. 

----------------------_._--_.-_. __ ........ _-----
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Figure 7. Partial restriction map and the 
strategy for the microvitellogenin cDNA insert 
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sequence 
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1 
CT GGA TAC AAA ATG TTG CGG ACA ACA GTG GTA TTA TTG ACG CTT 

MET Leu Arg Thr Thr Val Val Leu Leu Thr Leu 
1 10 

50 
GCG GCG ATT GCC TTT GCC GCA CCC ACC TCC GAC GAC ATA TAT AAC 
Ala Ala lIe Ala Phe Ala Ala Pro Thr Ser AS12 AS12 lIe Tyr Asn 

20 

100 
AAT GTA GTC ATC GGG GAC ATT GAC GGA GCC GTC GCC AAG TCC AAA 
Asn Val Val lIe Gly ASI2 lIe AS12 Gly Ala Val Ala Lys Ser Lys 

30 40 

150 
GAG CTC CAG AAG CAG GGC AAA GGT GAC ATC ATe ACT GAG GCA GTC 
Glu Leu GIn Lys GIn Gly Lys Gly AS12 lIe lIe Thr Glu Ala Val 

50 

200 
AAC AGG TTG ATC AGG GAC AGC CAG CGA AAC ACT ATG GAA TAC GCG 
Asn Arg Leu lIe Arg AS12 Ser GIn Arg Asn Thr Met Glu Tyr Ala 

60 70 

250 
TAC CAA CTC TGG AGC CTC GAG GCT AGA GAT ATC GTT AAA GAA CGT 
Tyr GIn Leu Trp Ser Leu Glu Ala Arg Asp lIe Val Lys Glu Arg 

80 

300 
TTC CCA ATe CAG TTC AGA ATG ATG TTA GGC GAG CAT TCC ATT AAA 
Phe Pro lIe GIn Phe Arg Met Met Leu Gly Glu His Ser lIe Lys 

90 100 

350 
CTG ATC AAC AAG AGA GAT AAC CTA GCA ATG AAA CTG GGT GTC GCG 
Leu lIe Asn Lys Arg Asp Asn Leu Ala Met Lys Leu Gly Val Ala 

110 

400 
ACT GAT AAT TCT GGA GAC AGG ATC GCG TAC GGC GCC GCT GAT GAT 
Thr Asp Asn Ser Gly Asp Arg lIe Ala Tyr Gly Ala Ala Asp Asp 

120 130 

AAA ACA AGC GAC AGA GTG GCT TGG AAG TTT GTT CCC CTT TCT GAG 
Lys Thr Ser Asp Arg Val Ala Trp Lys Phe Val Pro Leu Ser Glu 

140 

-------------------_ .. ---.. ,.-.. ----~.-------



58 

450 
GAC AAG AGA GTA TAC TTC AAG ATC CTG MC GTG CAA CGC GGC CAG 
Asp Lys Arg Val Tyr Phe Lys lIe Leu Asn Val GIn Arg Gly GIn 

150 160 

500 
TAC CTG AAG CTT GGC GTT GAA ACC GAC AGC GAC GGA GAG CAC ATG 
Tyr Leu Lys Leu Gly Val Glu Thr Asp Ser Asp Gly Glu His Met 

170 

550 
GCT TAT GCA TCC AGT GGA GCC GAC ACC TTC AGA CAC CAG TGG TAC 
Ala Tyr Ala Ser Ser Gly Ala Asp Thr Phe Arg His GIn Trp Tyr 

180 190 

600 
CTC CAG CCC GCG AAA GCA GAT GGG AAC CTT GTC TTC TTC ATC GTC 
Leu GIn Pro Ala Lys Ala Asp Gly Asn Leu Val Phe Phe lIe Val 

200 

650 
AAT CGG GAG TAC AAC CAC GCG CTG AAG TTG GGC AGG TCT GTA GAC 
Asn Arg Glu Tyr Asn His Ala Leu Lys Leu Gly Arg Ser Val Asp 

210 220 

700 
TCG ATG GGA GAC CGT CAG GTG TGG GGA CAC AAT GGA AAT GTC ATC 
Ser Met Gly Asp Arg GIn Val Trp Gly His Asn Gly Asn Val lIe 

230 

750 
GGA AAC CCT GAA CTC TTC GGA TGG TCA GTC GTG GCT TTC TAA AAA 
Gly Asn Pro Glu Leu Phe Gly Trp Ser Val Val Ala Phe 

240 

800 
TAT TTG TTA TGT GTA TTA CTG TGA ATA AAA TGA TTT TAT TAT AAA 

AAA AAA A 

Figure 8. Nucleotide sequence of microvitellogenin cDNA 
and its predicted amino acid sequence. The cDNA contains 
834 bases. The nucleotides are numbered above the sequence 
and the amino acids are numbered under the sequence. The 
NH2-terminal sequence of microvitellogenin determined by 
protein analysis is underlined. The presumed 
polyadenylation signal is also underlined. There are 18 
more As at the 3'-terminal. 

-----------------------------_ .. __ ._-----
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degradation matches the deduced sequence from residues 18 

to 70. This result indicates that a 17 amino acid sequence 

precedes the NH2-terminal sequence of the mature protein. 

This extra peptide is likely a signal peptide for 

translocat.ion 

membrane. It 

of 

is 

newly synthesized protein across a 

largely composed of hydrophobic amino 

acids. The same amino acid (Ala) occurs in position 15 and 

17. Moreover, an aromatic amino acid (Phe) is in position 

16. The method proposed by von Heijne (1983) to calculate 

the most li.kely signal sequence cleavage site predicts 

cleavage after Ala 17, which further confirms that the 17 

amino acid sequence at NH2-terminal of deduced sequence is 

a signal peptide. Therefore, the mature protein has a 

molecular weight of 26,201. A putative recognition 

sequence AATAAA for addition of the poly (A) + tail is 

observed. ~6 nucleotides downstream from the termination 

codon. The poly (A)+ tail is found beginning at position 

807, 13 nucleotides downstream from the poly(A)+ 

recognition sequence. In most polyadenylated messages, the 

poly (A)+ recognition signal precedes the poly (A)+ site by 

11-30 bp (Proudfoot and Brownlee, 1984). 

Synonymous codons are not used with equal frequencies 

in microvitellogenin (Table 1). Except codons for 

cysteine, which is not present in the deduced 

microvitellogenin sequence, only one codon is not used 

(CCG). This is unlike the codon bias of apolipophorin-III, 
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Table 1 

Codon usage data for microvitellogenin 

Phe TTT 2 Ser TCT 3 Tyr TAT 2 Cys TGT 0 
TTC 8 TCC 4 TAC 7 TGC 0 

Leu TTA 2 TCA 1 TAA 1 TGA 0 
TTG 4 TCG 1 TAG 0 Trp TGG 5 

Leu CTT 4 Pro CCT 1 His CAT 1 Arg CGT 2 
CTC 5 CCC 3 CAC 4 CGC 1 
CTA 1 CCA 1 GIn CAA 2 CGA 1 
CTG 5 CCG 0 CAG 8 CGG 2 

lIe ATT 3 Thr ACT 3 Asn AAT 5 Ser AGT 1 
ATC 11 ACC 3 AAC 9 AGC 4 
ATA 1 ACA 3 Lys AAA 7 Arg AGA 6 

Met ATG 7 ACG 1 AAG 8 AGG 4 

Val GTT 3 Ala GCT 5 Asp GAT 6 Gly GGT 2 
GTC 8 GCC 6 GAC 14 GGC 6 
GTA 4 GCA 5 Glu GAA 4 GGA 9 
GTG 5 GCG 7 GAG 7 GGG 2 
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which was the first protein sequence determined by cDNA 

cloning in M. sexta (Cole et al., 1987). In apolipophorin 

III codon usage, 40 of the 61 amino acid coding triplets 

account for· over 66% of the codons are used in the cDNA 

sequence and 21 codons are not used at all. 

Microvitellogenin also differs from the Drosophila proteins 

so far sequenced, where usually 3 codons are not used and 6 

other codons are used infrequently (O'Connell and Rosbash, 

1984; Yan et al., 1987). 

Analysis of the microvitellogenin amino acid sequence 

The predicted amino acid composition from the 

translation product of microvi tellogenin is compared to 

that determined experimentally (Table 2) and they are in 

good agreement. When the translated microvitellogenin 

sequence was compared with sequences in the NBRF (National 

Biomedical Research Foundation) protein library using the 

computer program FASTP (Lipman and Pearson, 1985), it 

failed to show any similarity with other proteins. 

The amino acid sequence of microvitellogenin was also 

analyzed by the Protein structure Analysis Program MSEQ 

(Univ. of Michigan). A hydrophobicity analysis (Fig. 9) 

shows several segmental portions in the molecule with high 

hydrophobicity. As expected, the putative signal peptide 

segment has the highest degree of hydrophobicity. The 
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Table 2 

Amino acid composition of microvitellogenin 

Mol. percent from 
Amino acid cDNA sequence Protein analysisa 

Ala 8.19 7.9 
Cys 0.00 0.3 
Asp/Asn 8.62/6.03 14.8 

Glu/Gln 4.74/4.31 9.0 
Phe 3.88 3.8 
Gly 8.19 7.9 

His 2.16 2.4 
Ile 6.03 5.9 
Lys 6.47 5.2 

Leu 7.33 7.2 
Met 2.59 2.4 
Pro 2.16 2.8 

Arg 6.47 6.9 
Ser 6.03 6.9 
Thr 3.02 3.7 

Val 7.76 6.9 
Trp 2.16 1.7 
Tyr 3.88 4.2 

aKawooya and Law (1983) 



Figure 9. Hydrophobicity analysis of the deduced amino acid 
sequence of microvitellogenin in ~ sexta. The amino acid 
sequence of microvitellogenin of M. sexta predicted from 
the cDNA sequence was analyzed for hydrophobicity according 
to Kyte and Doolittle (1982) using a window of 11 residues 
by the computer program MSEQ. 



II 
:;: 
o 
D 
C 

.r-< 

3: 

II 
"'-' 
QJ 
(f) 

L 
QJ 

"'-' 
QJ 

E 
ro 
L 
ro 

0.. 

o 
r---.----.--~----r_--~--~--~--~----~ ___ O 

m m 

(ll 

o 
f'.. 
C\.I 

__ ==----------------------~ 0 "J 

lD m C\.I 
o 

C\.I 

o 
lD 

o 
(ll 

o 

63 

Figure 9. Hydrophobicity analysis of the deduced amino 
acid sequence of microvitellogenin in ~ sexta 
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most hydrophobic portions of the mature protein are located 

at the amino and carboxyl termini. 

Expression of the microvi tellogenin gene during the life 

cycle of M. sexta 

Obtaining the cDNA clone for microvitellogenin 

facilitated the determination of microvitellogenin gene 

expression during the life cycle of M. sexta. The RNA from 

animals at different stages of development was extracted 

and subjected to Northern blot analysis. The cDNA clone 

for microvit.ellogl'min V.'as labeled with 32p-dCTP by nick-

translation and hybridized to the blotted mRNA. The 

signals on the blot were scanned by densitometer. The 

relative amourr;~ of microvitellogenin mRNA in 10 ~g of total 
i 

RNA is shown in Figure 10. There is no rnRNA for 

lJIicrovitellogenin detectable during the 5th instar larval 

stage, as has been demonstrated before (Fig. 5) • 

Microvitellogenin rnRNA is first detectable on the first day 

of the wandering stage. The highest level of 

microvitellogenin mRNA is seen on the first day of the 

adult stage. 

Screening of the genomic library 

The cDNA insert for microvitellogenin was used to 

screen a genomic library of M. sexta, which was made by Dr. 

Kenneth Cole (Dept. of Biochem., Univ. of Arizona). 
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If D 0 . 
V2 V4 W2 W4 P12 P14 P16 P18 A2 A4 

Days 

Figure 10. The expression of microvitellogenin gene during 
the life cycle of M. sexta. The RNA was extracted from 
different life stages of female animals, and then separated 
on an agarose gel. The RNA was transferred to the Nytran 
membrane and hybridized with labeled microvitellogenin 
cDNA. The positive signals were scanned by densitometer 
(Gs 300, Hoefer Scientific Instruments, San Francisco). 
V= the larval 5th instari W= the wandering stage; p= the 
pupal stage; A:= adult life. The numbers follow each letter 
are the days of each stage. Crosses indicate undetectable 
microvitellogenin mRNA in these samples. 

--------------_._------_._ .. -------
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Genomic DNA was first isolated from the body (gut removed) 

of a single 5th ins tar male larva by the method of Blin and 

Stafford (1976) with modifications (Bradfield and Wyatt, 

1983) ~ Subsequently, it was partially digested with Sau 

3Al and DNA containing 16 to 25 kilobaseswas pooled from a 

NaCI gradient (Kaise and Murray, 1985). The genomic 

library was constructed by ligating the DNA into the BamH I 

site of the arms of lambda EMBL-3 (Frischauf et al., 1983) 

and packaging (Promega). After screening 4.5Xl05 plaques, 

three pure positive clones were obtained. The phage DNA 

was isolated from these clones and analyzed by Sal I 

digestion on an agarose gel. All three clones showed 

several Sal I fragments (data not shown). 

Characterization 

microvitellogenin 

of the genomic insert for 

To determine which clone contained the complete 

microvitellogenin structural gene region, the cDNA insert 

was labeled and hybridized to a Southern blot of the three 

genomic inserts digested with Sal I. The result showed 

that all three clones had one fragment which hybridized 

with the cDNA probe (Fig. 11). Among them the clone K-l 

(lane 1) had the largest fragment (1590 bp) which 

hybridized with cDNA. It seemed that clones K-2 and L-l 

(lane 2 and 3) did not have a complete microvitellogenin 

structural gene, since the size of the fragments which 

----------------------- ----_.""---,. .. _,,. 
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Sal I 

2 3 

Figure 11. Southern blot of genomic clones. The DNA from 
three positive clones was digested by Sal I and loaded on a 
1% agarose gel. Then it was transferred to Nytran membrane. 
The membrane was hybridized with radiolabeled probes which 
include cDNA insert and A. Lanes are 1.K-1; 2. K-2; 3. L-1. 
On the left side is the bp of A standard. 

--... -~-.".- ..• ------



Figure 12. A restriction map of the K-1 insert. The 
direction of transcription which is indicated by the arrow. 
The box which contains the microvitellogenin coding region 
was sequenced. Restriction sites: H=Hind III; P=Pst Ii 
S=Sal I. 
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Figure 12. A restriction map of the K-1 insert 
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hybridized with the cDNA probe was smaller than that of the 

cDNA. Therefore, only the K-1 insert was further 

characterized by several restriction enzyme digestions. A 

restriction map and orientation of the K-1 insert is shown 

in Figure 12. The overlapping fragments which contain the 

microvitellogenin structural gene region, 2 Kb (Hind III-

Hind III) and 1.6 Kb (Sal I-Sal I) were subcloned into the 

plasmid vector pTZ18R and pTZ18U respectively fo~ 

sequencing. 

To detect whether the K-1 clone contained other 

structural genes besides the microvitellogenin gto,.""" . the 

whole K-1 genomic insert was used to probe a Northern blot 

of larval and adult female fat body as well as male fat 

body. The probe only hybridized to the microvitellogenin 

mRNA found in the adult female (Fig. 13, lane 3). Thus, 

there were no other structural genes that could be 

expressed in either female or male fat body in M. sexta. 

DNA sequence of the microvitellogenin gene 

DNA sequence analysis of the two genomic subclones 

was carried out using the Sanger dideoxy chain termination 

method. Figure 14 illustrates the strategy used to 

complete the sequence analysis of these two fragments. 

The nucleotide sequence of the microvitellogenin gene is 

shown in Figure 15. There is no intron in the coding 
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1 2 3 4 

Figure 13. Northern blot showing hybridization of gene 
clone with microvitellogenin mRNA. 10 ~g RNA isolated from 
fat body of adult male (1), larval male (2), adult female 
(3) and larval female (4) was separated on 2.2 M 
formaldehyde agarose gel. RNA was transferred from gel to 
Nytran membrane and probed with whole genomic clone K-1. 

--------------



Figure 14. Partial restriction map and the sequence 
strategy for the microvitellogenin gene. Translated 
regions are shown in closed boxes. The arrows indicate the 
direction and the extent of sequence determined from each 
site. 
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Figure 14. Partial re~triction map and the sequence 
strategy for the microvitellogenin gene 

------.-
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-1029 AAGCTTGGTCTTGCGACTGATAGCGATGGAGACCATGAAGTTTTT -9135 

-984 GGTGGAGACCTGTACGATTCCTACCGTTTCCAATTCTTCTTGATA -940 

-939 CCAGCGATGAACGGAGCCGACCTTGTGTTCTATATATTCAACCGC -895 

-894 GAGTACCAGCAGGCTCTGAAGCTGAGCAGGGCCGTGGACTCCGAC -850 

-849 GGCGACCGACAGGTGTTTTCAGAGAAGGGCAACGTCCTTAATGAT -805 

-804 ACTTACTCCTACGGGTGGAAAATCAAACCGTTGTAAAATTAACAC -760 

-759 ACCAGCTGTGATTCATGGATCTTAATGAAATAAAGCATTGGTGCA -715 

-714 TAGATTGCCTATTATTGATTATTCCATTTTTTTACTGCCACGGTG -670 

-669 GCGTAGATTTTTATTCCCCTTGTTTATGAATTGTGTGTGATTGTT -625 

-624 TCAATGTACTTAATACTTGTGATTGACAATGGGTGCGGTGGGGGT -580 

-579 GAGCAGGGTCCGCTATTGGATACGTTGCCTGCTCGCCCCAAAAAT -535 

-534 AGGCGTA,GTTGTAACGCGAATCCAGTACGAATACGCCACAT'l'AGT -490 

-489 CAAATCAACGCATTCTCTGAGGTCCTAGGTTCGAATGTCGGGTCG -445 

-444 GGCCAACAATAATTATTGATATTGGGTATTAATATCTTCATCTAT -400 

-399 ACTAATATATAAAGCTGAAGAGTTTGTTTGTTTTTTTTTGTAATC -355 

-354 TATATATTTAAGAAACGAAAAATGCGCATACGAGAGTTCTAAAAT -310 

-309 TTATAACATTTGTAATTTCCATTACCACCGTTACCAGTTAAAGTA -265 

-264 AAGCGCACAATTTATATTTTTATTGACTCATTACTTCCTAAAGTC -220 

-219 AGTGGTGTGTGCCTTGGGTTTCGAATCTACACACATAACTTCCAT -175 

-174 TCTATTCTCAACTAGACTAAAATATAATCCTGGCAAGCAAATTAA '-130 

-129 TAACGATGGCATAAAAACCAAGAATGTAGCAACAAAGTAATTGTT -85 

-84 TTTCACGCTACTATGTAACACACGACGATAAACTACTGACTTCGA -40 

-39 CAATTATTTCTATATAAGACGAGAACGGATCAAATCGTG AC ATT 5 

6 TTA AAA CTG CTA TCA GTT ATA ACT GG GTAAGTTTTC 41 

42 AACTCAATTTCCATGCCTTCATTCCTCTGGAGTATGGGGTCAGAA 86 

87 CTTTATTTTGCATTGGTCGTACGCTAGTTTAGACATTTGTCTCTG 131 
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132 TAATAATTATCATTATTATAAACGAAAAAATCTGTTCTTACAAAT 176 

177 TTAAAAACTTCGAATTTCATGCAATCATTTAAAATCTATTATAGT 221 

222 CATCGCTGTCATTTCCATTTTGCCATCGGATTATCCATTCTAGGA 266 

267 AAGAAGTTCCATTATTCTACCCGGAAACGCATGCTACTAGCACTG 311 

312 TGCATTTTGAGAGCTCATTTTTAATACGAACTTCTATAATGTGGA 356 

357 ATCAACTTCCACCAAAGTCCCACAGACTTTGCCCCTGGCATTGTC 401 

402 GACGTCTATGGGCGACAGTGTCCACTCACCATTAGGTGGGCTGTT 446. 

447 AACTTATTTGCATTTGAAGGCAATTAAAAATATATAATCATTTCT 491 

492 ACCTTACAG A TAC AAA ATG --;-- 510 

1255 TAA AAA TAT TTG TTA TGT GTA TTA CTG TGA ATA 1287 

1288 AAA·TGA TTT TAT TAT AAAGTGGGTATGTTTTACTTTACTA 1327 

1328 ATAATAGGTCCACGAGATAATATTATATAACAAATATATAAAGGA 1372 

1373 AACCTGCAAGATATGTCTAATTCGTTACCT .•.... AAATATTTA 
CAAAAATAACGCCTCAAAACCACTCAAAAACCAAAAAATAATTCA 
CATAACAAGTATATATTGGATACCAATTTAAGAGTCGGTGCCTAA 
TTAAAATTGCTAGTTAAGCTAGATAAATACATTTACGAATATGCG 
AAAACAATGTGCTGTCAGTGTAAAAAAGTCAGCAAGTCTGATCGT 
CAACGGAGATGAACACACCACCGCCGAATTGATAACCTCCTCCTT 
TT'I'TTGAAGTCGGTTAAAAATAACACATTGGCTGCTGGAGTATAA 
TAGTTACAATATACCTCATTTAGACTAATATATTGGGAGTAACGA 
GAAAATGAGGAAGTGATAGCAAAACATTTGGTTTCGCTAGTGCTC 
AGTAATTAGTGACTACCATTTTACTGCAGTAGGATGATGTATCTC 
GTTTATCGGAATTTTAACGTTTATAATATTGCTTGGACCAGGAGT 
ATAACTAGGGTCAGAGTTATACTTAGAGAAGTGGATCCGTTGACC 
TGCAGGTCGAC 

Figure 15. Nucleotide sequence of microvitellogenin gene. 
The TATA box homology, ATG initiation codon and 
polyadenylation signal are indicated by underlines. The 
negative numbers indicate the 5 1 -flanking region. 
Nucleotides in the intron, 51 and 3 1 untranscribed regions 
are illustrated without spacing, whereas the nucleotides in 
the exons are shown in groups of 3. Most of the second 
exon is omitted because it is the same as the cDNA sequence 
shown in Fig. 8. The ellipsis indicates the nucleotides 
which have not been sequenced. 

----------------------'. --_._--_ ..... 
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region, but a 469 bp intron is located in the 5'-noncoding 

region. 

Analysis of the microvitellogenin gene across the 

exon-intron junctions reveals that the splice site 

rigorously follows the Chambon rule (Breathnach and 

Chambon, 1981). The consensus sequence of 3' splice sites 

is PyA(G/N). The consensus sequence of 5' splice sites is 

(Pu/G) TPu. No significant similarity was observed when the 

Genbank data base was searched for sequences similar to the 

microvitellogenin gene. 

Localization of the transcription initiation site 

Primer extension analysis was used to establish the 

transcription initiation site. A 21-mer oli"gonucleotide 

which is complementary to the sequence 13 bp downstream of 

the 5'-end of the cDNA was synthesized and used as a primer 

for reverse transcription in the presence of adult female 

fat body rnRNA. The product was separated on a denaturing 

polyacrylamide gel. Figure 16 shows that the distance from 

the oligonucleotide to the putative initiation site covers 

40 nucleotides. A second possible initiation site is 

located 1 nucleotide downstream. The RNA from female 

wandering stage was also used as a template for primer 

extension and the same pattern was observed (data not 

shown) . 



Figure 16. Primer extension analysis of the 
microvitellogenin gene. The first 10 bp upstream of the 
initiation site, the first exon and a portion of the second 
exon are shown at the bottom. Small brackets denote the 
junction between exons 1 and 2. Underlined portion is 
complementary to the synthetic oligonucleotide. The 
oligonucleotide was labeled with ['Y_32PJ-dATP, hybridized 
with poly A+ RNA of adult female fat body (lane 2) or no 
RNA (lane 1), and extended with reverse transcriptase. A 
single s·tranded DNA (four lanes at left) was sequenced to 
generate a ladder of fragment-size standards in the same 
gel. Zero denotes the labeled oligonucleotide (21 bp in 
length) . 
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10-

-10 +1 10 20 30 40 
TCAAATCGTG ACATTTTAAA ACTGCTATCA GTTATAACTG G) [ATACAAAAT 

50 60 70 
GTTGCGGACA ACAGTGGTAT TATTGACGCT 

Figure 16. Primer extension analysis of the 
microvitellogenin gene 

.----... ------
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comparison of 5'-flanking regions 

Most eukaryotic genes examined have canonical TATA 

(Breathnach and Chambon, 1981) and CCAAT (Cordon et al., 

1980) sequences immediately upstream from the transcription 

initiation site. The TATA box can be seen in the 

microvitellogenin gene 23 bp upstream from the cap 

site(Fig. 15). The CCAAT box is less conserved and is 

typically 65 to 90 bp upstream from the transcription start 

site (Efstratiatis et al., 1980). In microvitellogenin, 

the sequence TAGCAACAA at position -94 bp may be a CAAT box 

(Fig. 15). Although it resembles only poorly the proposed 

eukaryotic CAAT consensus sequence: 5'-GG(C/T)CAATCT-3', 

this sequence is more similar to the Drosophila CAAT 

consensus sequence A(A/T)GCA(A/T)N(A/T)N (O'Connell and 

Rosbash, 1984). 

The 5 '-flanking region of microvitellogenin was 

compared to those of vitellogenin genes from Drosophila and 

locust, because they are all female specific proteins 

mainly produced by the fat body in insects. Similar 

flanking sequences might be involved in the regulation of 

sex and tissue specificity. 

There are two fragments from -154 bp to -168 bp and 

from -263 bp to -277 bp in the microvitellogenin gene which 

are similar to the Yl2 consensus sequence of the H-box in 

Drosophila (66%, Table 3). It is interesting to note that 

one of the elements in the microvitellogenin gene is 



Table 3 

Sequence comparison of 5' -flanking 
} .. lcrovitellogenin of M. sexta and Yl2. genes of 

mVg -277 5'-ACCAGTTAAAGTAAA .. . .. . .. . .. . 
H-box Yl2. consensus 5'-ATCAGCAGAACTAAA 

mVg 

imperfect 
inverted 
complement 

control element 

-168 

-168 

-138 

••• II •• . . . . . . 
5'-CTCAACTAGACTAAA 

CTCAACTAGACTAAA\ 
• • • ••••• A 

GMCGGTCCTAATAT/ 
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DNA between 
Drosophila 

YRl -308 5'-CACAACTACAATGTTTCAATCAGCGGAACTACAAAGT -272 .. .... . .. .. .... . .. . . .. .. . . .. .. 
mVg -186 5'-CATAACTTCCATTCTATTCTCAACTAGACTAAAATAT -150 



Table 4 

comparison of 5' ·"flanking DNA between microvitellogenin 
of M. sexta and similarity regions of vitellogenin gene 
A and gene B of Locust 

Region 1 gene A -52 CTGAGGCAGG 
gene B -47 CTG.GGCTGG 
mVg -873 CTGA.GCAGG 

Region 5 gene A -109 GGTGGGGCGAT 
gene B -110 GGCTGGGGCAT 
mVg -449 . GGTCGGGCCAA 

Region 6 gene A -121 GGTGCGTAAT 
gene B -148 GGCGCGAAAT 
mVg -791 GGTGGAAAAT 

Region 9 gene A -213 CTTAATC'I'AG 
gene B -281 CTTAAGCTAG 
mVg -409 CTTCATCTAT 

78 



79 

present adjacent to an imperfect inverted complement (Table 

3), a feature shared by other cis-acting regulatory 

elements (Heberlein et al., 1985; Ptashne, 1986). 

Furthermore, this fragment is in the sequence which has 

similarity (50%) to the sequence in Drosophila which is 

believed to be ralated to the tissue specific controlling 

elements (Yan et al., 1987) (Table 3). 

Four out of the 11 5 1 -flanking simila~ity regions of 

the two locust vitellogenin genes (Locke et al., 1987) 

were noted to contain similarity with the 

microvitellogenin gene in M. sexta. They have at least 70% 

identity in sequences of 9 bp or more (Table 4). 

The effect of ligation on the expression of 

microvitellogenin gene in fat body 

Since the 5 1 -flanking region of the microvitellogenin 

gene showed a similar sequence to the H-box of Drosophila, 

it was investigated whether ecdysone has an effect on the 

expression of the microvitellogenin gene in the fat body 

during the wandering stage. In M. sexta, a small amount of 

ecdysone is secreted from the prothoracic gland just before 

the wandering stage which signals cessation of feeding and 

initiation of wandering behavior. A larger quantity of 

ecdysone is released two days later, after the animals have 

wandered (Laufer and Borst, 1983). To prevent the r~lease 

of ecdysone by the prothoracic gland, female animals were 

----------------------------------
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ligated on the 4th day (last day) of the fifth instarand 

the 1st day of the wandering stage, respectively. Every 24 

hours after ligation, the cytoplasmic RNA was extracted 

from the fat body and two different concentrations of it 

were subjected to dot blot analysis. Preliminary data 

showed that mRNA for microvitellogenin was not present in 

those animals whi.ch were ligated on the 4th day of the 

fifth instar. However, ligation did not affect 

microvitellogenin gene expression in the insects which were 

ligated on the 1st day of the wandering stage. As a 

control to determine if food intake had an effect on 

microvitellogenin ge~e expression, animals were starved on 

the 4th day of the fifth instar. In these starved animals, 

mRNA for microvitellogenin appeared on the 1st day of the 

wandering stage. 

A more direct proof that ecdysone had an effect on 

microvitellogenin gene expression was demonstrated by 

injecting 20-hydroxyecdysone (10 ~g) into the animals 

ligated on the 4th day of the fifth instar in every 24 

hours. Preliminary results showed that after the 2nd 

injection, low levels of microvitellogenin mRNA could be 

detected. No' microvitellogenin mRNA could be detected in 

the control ligated animals which were injected with 

saline. 

This experiment suggests that the ecdysone secreted 

just before the wandering stage is required for 
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microvitellogenin gene expression during the wandering 

stage. On the other hand, ecdysone released during the 

wandering stage seems not to be necessary for the 

expression of the microvitellogenin gene. 
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CHAPTER 4 

DISCUSSION 

Identification of a cDNA for microvitellogenin 

The antiserum which was raised against purified 

protein had a high specificity for microvitellogenin. On 

the immunoblot, it was bound only to the microvitellogenin 

in the adult female hemolymph or in egg homogenates. This 

antiserum has been used in the isolation of a cDNA for the 

corresponding rnRNA of adult female M. sexta. Several lines 

of evidence confirmed that the cloned cDNA isolated from 

cDNA library using the antiserum was indeed a cDNA copy of 

the microvitellogenin rnRNA: 1) the cDNA insert only 

hybridized with the rnRNA from adult female. 2) the protein 

product, which was translated from mRNAs hybrid-selected 

with the cDNA insert, could be irnrnunoprecipitated by 

antiserum against microvitellogenin. 3) the predicted 

sequence of amino acids 18-70 matches exactly to the 

sequence determined from the NH2-terrninal end of the 

purified protein. 4) the amino acid composition predicted 

from the translational product and that determined 

experimentally are in good agreement (Table 1). 
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The molecular weight of microvitellogenin 

The molecular weight of microvi tellogenin was 

reported to be 31,000 (Kawooya and Law, 1983). In this 

study, it was noticed that its molecular weight was smaller 

than that reported. The molecular weight for the carbonic 

anhydrase standard was indicated to be 31,000 by Bio-Rad 

and 29,000 by sigma. The carbonic anhydrase isolated from 

bovine erythrocytes was reported to be 29,000 (Wong and 

Tanford, 1973). It has been noticed that the enzyme 

provided by Sigma came from the same source. When they 

were loaded onto a 10% SOS-PAGE instead of a 4-15% gradient 

gel (Fig. 17), the carbonic anhydrase standards from the 

two companies had similar mobility, whereas microvitello

genin moved faster than the enzyme. Thus microvitellogenin 

has a molecular weight of less than 29,000. 

Since the leader sequence appears to be a signal 

peptide, microvitellogenin 

translation system would 

synthesized 

be expected 

in 

to 

an 

be 

vitro 

a larger 

precursor form which would migrate slower than the mature 

form on SOS-PAGE. The results indicated that 

microvitellogenin synthesized in vitro has the same 

mobility as the iodinated mature form which comigrated with 

unlabeled microvitellogenin (data not shown, Fig. 3). It 

is suggested that the mature form has some post

translational modifications that affect its migration on 

SOS-PAGE. 



Figure 17. SDS-polyacrylamide gel electrophoresis of 
microvitellogenin. Samples ylere separated by SDS-PAGE 
(10%). The gel was stained with Coomassie Brilliant Blue. 
Lane 2, low MW standard from Bio-Rad (Richmond, CA; from 
top to bottom, kilodaltons): phosphorylase B 92.5; albumin 
66.2; ovalbumin 45; carbonic anhydrase 31; trypsin 
inh ib i tor 21. 5 • Lane 4. low MW standard from Sigma ( from 
top to bottom, kilodal tons): albumin 66; ovalbumin 45; 
glyceraldehyde-3-phosphate dehydrogenase 36; carbonic 
anhydrase 29; trypsinogen 24; trypsin inhibitor 20.1. Lane 
1 and 3, the purified microvitellogenin. 

_________________ ~_~a _____ .... _____ ."._ .. _ 
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Figure 17. SDS-polyacrylamide gel electrophoresis of 
microvitellogenin 
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Previous studies have shown that microvi tellogenin 

did not contain any sugar, lipid and phosphorus (Kawooya 

and Law, 1983; Kawooya et a~., 1986). Because a 

discrepancy exists between the molecular weight of 

microvi tellogenin deduced from the cDNA sequence and that 

determined on SDS-PAGE, the protein was re-checked for 

possible post-translational modifications. No phosphorus 

(Fernando-Warnakulasurya and Sparrow, unpublished method) 

or sulfur (Huttner, 1984) was detected covalently bound to 

microvitellogenin. Whether or not microvitellogenin is a 

glycoprotein needs to be verified in the near future. 

The length of mRNA for microvitellogenin 

Poly (A)+ RNA blot analysis (Fig. 2) revealed an mRNA 

coding for microvitellogenin in the fat body of adult 

female ~ sexta, which was not present in larval female or 

adul t male. 'I'he cDNA sequence covers all of the coding 

region and the poly A tail. The length of the cDNA cloned 

here probably represents a nearly full-length copy of the 

mRNA, lacking a few nucleotides at the extreme 5' end. The 

major primer extension product confirmed that the cDNA 

clone '>las missing 27 bp upstrealo of the 5' terminal. 

Therefore, the microvitellogenin mRNA is 833 nucleotides in 

length excluding the poly (A)+ tail. 

------- -----
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Gene expression in the life cycle of M. sexta 

During the pupal stage, the fat body is liquified. 

It was very difficult to obtain intact RNA from these 

samples even when the low temperature method (Han et al., 

1987) was used. Therefore, in the Northern blot for the 

time course of microvitellogenin mRNA appearance, only a 

few pupal samples showed positive signals. The result of 

the Northern analysis is not coincident with that of the 

immunoblot analysis (Kawooya et al., 1986). The previous 

study showed that microvitellogenin appeared in the 

hemolymph 17 days,before eclosion, in other words, 2 or 3 

days after pupation, while the result in this study shows 

that the mRNA for microvitellogenin can first be detected 

on the first day of the wandering stage. 

The possibility that microvitellogenin expressed 

during the wandering stage was not sex-specific was 

excluded, because there was no microvitellogenin mRNA 

detected in the RNA of male 'animals during the wandering 

stage. Another possibility that microvitellogenin was 

encoded by a single structural gene which was transcribed 

into two different mRNAs from distinct promoters was also 

excluded. First, the Northern blot showed that there was 

no large difference in the size of mRNAs for 

microvi tellogenin between the wandering and adult stages. 

Secondly, the primer extension experiment showed that mRNA 
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for microvitellogenin from both stages had the same pattern 

when the same primer was used. 

Because of the result of the Northern analysis, the 

appearance of microvi tellogenin in the hemolymph was re

examined. The immunoblotting result in Fig. 18 showed that 

microvitellogenin could be detected in the hemolymph on the 

first day of the wandering stage. There was no 

microvi tellogenin detectable in the hemolymph on the 4th 

day of the 5th instar. These results demonstrated that the 

appearance of the microvitellogenin mRNA and its 

translation are coincident on the first day of the 

wandering stage. Furthermore, the data show that 

microvi tellogenin is secreted from the fat body into the 

hemolymph at the same time. Further investigation is 

needed to determine whether the microvitellogenin gene is 

continuously expressed throughout pupal stage. During the 

pupal stage, the synthesis of most proteins is shut down in 

M. sexta fat body, however, there are still a few proteins 

synthesized (Prasad and Cole, unpublished data). 

Analysis of 5 1 -flanking region of microvitellogenin gene 

The 5 1 -flanking DNA sequences are of potential 

importance in the control of expression of a gene (Chambon 

et ale , 1984) . The 5 I -flanking region of the 

microvitellogenin gene was compared by computer analysis 

for similarities to the conserved sequences in 5 1 -flanking 
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1 2 3 4 5 6 7 8 

Figure 18. The appearance of microvi tellogenin in the 
hemolymph during the life cycle of M. pexta. The proteins 
were separated on 10% SDS PAGE and transferred to a 
nitrocellulose membrane. The microvitellogenin in the 
hemolymph was visualized as described in Materials and 
Methods. Lane 1-8 corresponding to 1 ~l (3:10) of female 
hemolymph from day 4 of the 5th instar, day 1, 2 and 4 of 
wandering stage and day 1 to 4 of pupal stage, 
respectively. 
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DNA of the ~ genes in Drosophila or the upstream regions 

of the vitellogenin genes in locust. Some similar 

sequences were observed. 

The H-box sequence in Drosophila is homologous to the 

vertebrate steroid hormone receptor binding region and the 

ecdysone hormone receptor binding region in Drosophila heat 

shock protein 23 gene (Yan et al., 1987). Two similar 

sequence elements were also found in the microvitellogenin 

gene. They are located 154 bp and 263 bp upstream from the 

microvitellogenin transcription start site respectively and 

have 66% homology to the consensus sequence of the H-box in 

the ~ genes. The sequence surrounding one of the H-box

like elements (-154 bp to -168 bp) of microvitellogenin was 

also homologous to the sequences found in the YRl and YP1 

genes (shown in Table 3), which were suggested to be 

related to the regulatory element which controls gene 

expression in the fat body (Yan et al., 1987). The 

sequence homologies also suggest that this region might be 

directing the tissue specificity of microvitellogenin gene 

expression as well. 

The preliminary results of the ligation experiments 

suggested that the microvitellogenin gene might be 

regulated by ecdysone in M. sexta during the wandering 

stage. Al though two sequences similar to the H-box of 

Drosophila were found in the microvitellogenin gene, 

sequence analysis suggested that one of them might be 

--------------------~-~~-----""" .. ----" .... --.------.. - " ..... "" . 
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involved in tissue specificity. Therefore, the other box 

(-263 bp to -277 bp) might be related to the hormonal 

regulation of gene expression. 

Similar regions in the vitellogenin genes of locust 

are found around 47 bp to 281 bp upstream of the 

transcription start site. Al though 4 regions of the 5 1_ 

flanking sequence of the microvitellogenin gene show 

similarity t.o t~ese regions of the vitellogenin genes in 

the locust, these 4 regions are much further upstream of 

the microvitellogenin gene transcription start site (409 bp 

to 873 bp). Most of the regulatory regions are usually 

located -50 to -200 bp upstream from the initiation site 

(Voss and Pongs, 1986). However, some studies suggest that 

regulatory elements can be located far upstream from the 

transcription start site. For example, the control 

sequence of the ovarian YRl gene is located beyond 883 bp 

upstream of the transcription start site in Drosophila 

(Tamura et al., 1985). Thus, it can not be excluded that 

these regions in the microvitellogenin gene of M. sexta 

are involved in the regulation of the microvitellogenin 

gene expression. 
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SUMMARY AND FUTURE PROJECTIONS 

This dissertation has presented the cDNA and gene 

sequences of microvitellogenin. The primary protein 

structure of microvitellogenin has been deduced. A search 

for homology in the protein sequence library or the DNA 

data bank revealed that this protein is not related to any 

proteins which have been sequenced to date. 

Further studies can be done by using the cDNA to 

determine how many microvitellogenin genes are present in 

M. sexta by Southern blot analysis. By in situ 

hybridization, it can be determined whether all cells in 

the fat body contain RNA transcripts. Although the amino 

acid sequence of microvitellogenin does not suggest an 

obvious functional or structural domain that is involved in 

uptaken by the ovary, in vitro site directed mutagenesis 

may provide a way to determine the domains important for 

endocytotic uptake by oocytes. 

In this dissertation, several sequence elements which 

are similar to the regions involved in the regulation of 

the vitellogenin genes in Drosophila and locust have been 

pointed out in the 5 1 -flanking region of the 

microvitellogenin gene in M. sexta. Their exact function 

in the regulation of microvitellogenin gene expression 

needs to be addressed by further experiments, such as by a 



deletion analysis of various parts 

region of the microvitellogenin 

introduction into the Drosophila 

transformation. 
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of the 5 ' -flanking 

gene, coupled with 

genome by P-element 

Recently, a specific transcription factor was found 

exclusively in tissues in which the immunoglobulin and 

albumin genes were expressed (Dynan, 1987). To search for 

the possible tissue specific factor in the fat body of M. 

sexta, an in vitro transcription system, which was used to 

study the albumin gene, might be adopted (Gorski et al., 

1986). Nuclear extracts from different tissues of M. sexta 

could be added to the system separately to see whether the 

same amounts of transcript are yielded. The result would 

tell us whether there is a tissue-specific factor present 

in the nucleus of the fat body cells. If there is, the 

portion of the 5 I -flanking region that is bound could be 

determined by foot-print analysis. 
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