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ABSTRACT 

A puff at band II-48C on the salivary gland polytene chromo-

somes of D_. hydei is induced by pyridoxine. Pyridoxine also induces 

a 40,000 . protein and tyrosine aminotransferase activity. Tyrosine 

aminotransferase (TAT) was purified and used to prepare antibody in 

rabbits. The anti-TAT immunoprecipitated the newly synthesized 

40,000 D. polypeptide. TAT mRNA containing polysomes were immuno-

precipitated. The TAT mRNA was translated in an in vitro trans-

lation system. The polypeptide translated had a molecular weight 

of 40,000 D. and v̂ as iiî nuncprecipitated by anti-TAT. Tritiated RNA 

extracted from TAT mRNA containinq polysomes was in situ hybridized 

to D. hydei salivary gland squashes. Silver grains were found over 

the nucleolus and band II-48C. These data identify II-48C as the 

locus coding for TAT. 
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CHAPTER I 

INTRODUCTION 

Thirty years have passed since Beerman (1952) first described 

chromosome puffs in the polytene interphase chromosomes of Chirortomus. 

Since that initial observation, extensive research has been directed 

at the many questions raised by the phenomenon of puff induction. 

Fundamentally, a puff is a cytological manifestation of intense 

gene activity. What causes puff formation? Two broad categories of 

events have been most extensively investigated. First, puffs are 

developmentally controlled. Such puffs are developmental stage specific 

and are controlled by the changes in titer of the insect hormone, 

ecdysone (Berendes, 1968, 1972; for a review see Ashburner and Richards, 

1976). Second, puffs can be induced by regulation of the environment 

(Ashburner and Bonner, 1979, for a review). Most widely analyzed of 

these externally induced puff responses is the heat shock response, 

specifically the elevation of the temperature of the environment from 

24°C to temperatures ranging from 35°C to 40°C. A limited number of 

chromosomal loci are induced to puff in the salivary gland polytene 

nuclei in response to heat shock. Five puffs are formed in D̂. hydei 

(II-32A, II-36A, II-48C, IV-81B and IV-85B) (Berendes, 1968) and nine 

puffs are induced in D. melanogaster (33B, 63C, 64F, 67B, 70A, 87A, 87C, 

93D, and 95D) ( Ritossa, 1962; Ashburner, 1970). 

In addition to and as a result of puff formation, a number of 

other changes are induced by heat shock in Drosophila. First, there are 

cytoplasmic changes. The filamentous meshwork of the cytoplasm rear-

1 



2 

ranges to form juxtanuclear cap structures (Falkner et al_., 1981). At 

least two polypeptides (40 and 46 kD) are found in the nucleus after 

heat shock where they were not detectable prior to heat shock (Belew 

and Brady, 1981b; Falkner and Biessmann, 1980). One of these poly-

peptides (46 kD) is immunologically related to vimentin (the component 

of 10 nm cytoskeletal filaments) (Biessmann et̂  al_., 1982). 

Second, there are dramatic changes in gene activity. As determined 

by H uridine incorporation each heat shock locus is transcriptionally 

active after heat shock and preexsisting puffs cease to incorporate 

the label (Ritossa, 1964b; Berendes, 1968; Bonner and Pardue, 1976; 

Ellgaard and Clever, 1971). 

The fate of the heat shock transcripts in the cytoplasm is very 

interesting. Those polysomes translating mRNA at the initation of heat 

shock disassociate and the preexsisting messages are replaced by the 

transcripts cf the heat shock puffs (hs RNA) (McKenzie et̂  li.. 1975). 

The preexsisting mRNA are stable and return to the polysomes as the 

temperature is reduced to normal (Mirault ̂  jj_., 1978). The hsRNA are 

translated as demonstrated by autoradiography of polyacrylamide elect-

rophoresis gel patterns of S methionine labeled polypeptides. From 

a complex pattern of newly synthesized polypeptides prior to heat shock, 

the pattern changes to only a few characteristic polypeptides after 

heat shock (Lewis et̂  ̂ . , 1975; Tissieres et aj_., 1974). Using in situ 

hybridization or immunological techniques,cytoplasmic hsRNA and the 

respective polypeptides have localized to specific heat shock loci 

(Holmgren et a/l_., 1979; Ish-Horowitz et al_., 1979; Lubsen and Sondermeijer, 

1978; Peters etal., 1980; Voellmy et a_l_., 1981). 

Prior to the report of Brady and Belew (1981) no polypeptide 
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product has been associated with puff II-48C, one of the D_. hydei heat 

shock puffs. This puff in D_. hydei and a heat shock puff in D_. melan-

oqaster (93D) have properties in common not shared by the other heat 

shock puffs. Each of these puffs is specifically inducible. Puff 

93D in Q_. melanogaster may be induced by incubation of isolated salivary 

glands in the lysate of heat shocked cells (Murherjee and Lakhotia, 

1981), benzamide (Lakhotia and Murherjee, 1980), aged Grace's medium 

(Bonner and Pardue, 1976) and pyridoxine (Brady, personal communication). 

Puff II-48C in ̂ . hydei may be induced by injection of pyridoxine into 

larvae or incubation of isolated salivary glands in pyridoxine (Leenders, 

et al., 1973; Brady and Belew, 1981). 

Although much is now known about the results of heat shock in 

Drosophila, little is known about the mechanisms involved in the induc-

tion of the heat shock puffs or the identity or function of the 

polypeptides produced. 

The ability to selectively induce a single puff (II-48C) in 

d_. hydei makes this system especially useful in the study of gene 

regulation. 



CHAPTER II 

PUFF INDUCTION* 

Introduction 

The regulation of specific genes is not welT understood. Part 

of the difficulty lies in our inability to make direct observations 

of functioning genes in interphase cells. This problem may be 

circumvented by the use of polytene cells such as are found in the 

salivary glands of the diptern insects. Extensive work has been done 

in the mapping of Drosophila chromosomes (Beerman, 1952; Berendes, 

1965) and the structure of the individual chromosomes is well 

known. Chromosomal puffing (a reliable indicator of intense gene 

activity) has been extensively studied (Beerman, 1952; Berendes, 

1968, 1971). 

Specific sets of puffs may be induced by incubation of larvae 

or is lated salivary glands at 37°C (heat shock) in both 

Drosophila melanogaster (Ritossa, 1962, 1964; Ashburner, 1970) and 

D̂. hydei (van Breugel, 1966; Leenders and Berendes, 1972; review 

by Ashburner and Bonner, 1979). 

Puffing is accompanied by both intense uridine incorporation 

(Ellgaard and Clever, 1971) and accumulation of RNA polymerase II 

at these sites (Greenleaf et_ ajl_., 1978) indicating that these are 

* The material presented in this chapter has been published. 

Brady,T. and K. Belew. 1981. Pyridoxine induced puffing (II-48C) 

and synthesis of a 40 kD protein in Drosophila hydei salivary 

gland.Chromosoma 82:89-98. 

4 
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regions of intense RNA synthesis. Under heat shock conditions poly-

somes exsisting prior to the heat shock dissociate (McKenzie et al., 

1975) and other polysomes containing the newly synthesized heat shock 

RNA form. These newly synthesized polysomal RNAs are polyadenlyated 

and hybridize in situ to the bands which puff during heat shock 

(Spradling et_ aj_., 1975; Spradling et̂  al_., 1977 and Bonner and 

Pardue, 1976). At least seven new proteins are synthesized in D^ 

melanogaster (Ashburner and Bonner, 1979) and at least six in D_. hydei 

(Lewis et al.. 1975). 

In p̂ . hydei a single one of the heat shock puffs ( I-48C) may 

be induced by injection of pyridoxine HCl (vitamin Bg) into the larva 

or by incubation of isolated salivary glands in culture medium con-

taining 10"''M or greater pyridoxine (Leenders et_ ̂ . , 1973). A single 

puff may also be induced in D̂. melanogaster by incubation of salivary 

glands in pyridoxine (Brady, pers. communication) as well as by a 

variety of treatments (Lakhotia and Murherjee, 1980; Bonner and Pardue, 

1976; Murkherjee and Lakhotia, 1981). The magnitude of the response 

of the II-48C band to varying pyridoxine concentrations and the 

kinetics of the induction under optimal concentrations is reported 

in this chapter. 

Materials and Methods 

Salivary glands (from late third instar larvae of D̂. hydei) were 

hand dissected in Ringers solution (Leenders and Berendes, 1972). 

Isolated glands were transferred to Poels medium (Poels, 1972) pH 

6.9 at 24°C and incubated in the dark. Appropriate concentrations of 

pyridoxine HCl were added to the medium and the pH was adjusted to 

6.9. All incubations were carried out in a well slide containing 
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10 ul of medium in a moist chamber at 25°C. In each case 5 intact 

pairs of glands were used. At the end of the incubation the glands 

were rinsed in Ringers solution, fixed in 3:1 (ethanol:acetic acid) 

for 15 minutes and then stored in a freezer (-20°C) in 70% ethanol. 

Glands were stained in acetic orcein and squashed in 45% acetic acid. 

The diameter of puff II-48C relative to that of II-47B was measured. 

A minimum of 25 measurements were made for each point, from at 

least 5 pairs of glands. 

Results 

Kinetics of Puff Induction 

The relative size of the region II-48C was compared with region 

II-47B, an easily identifiable band on the second chromosome not 

involved in the puff (Fig. 1). Isolated glands were incubated in 

_2 
1.5 X 10 M pyridoxine. This concentration was shown to produce 

maximal puff induction. From the graph (Fig. 2) it can be observed 

that puffing begins immediately and that puff size is greater than 

the control after 5 minutes. Puff diameter at the end of a 2 hour 

incubation is approximately twice that of the controls (for all points 

n=25; standard error is shown). 

Response to Various Pyridoxine Concentrations 

-2 
Although maximal response is obtained with 1.5 x 10 M pyfidoxine, 

this concentration is exceedingly high and unphysiological. Concen-

trations higher than this are almost immediately letha' to isolated 

-7 -2 
glands. Concentrations from 10 to 10 M pyridoxine were used and 

even at the lowest concentration a signifigant increase in puff dia-

meter above that of the control could be observed (Fig. 3). There 



was a linear relationship of puff diameter with the concentration 

-7 -3 
of pyridoxine from 10 to 10"'̂ M with a logarithmic increase from 

10"^ to 1.5 X 10~2M. 



48C-^ 

4 

f\.mJ^ 

Fig. 1 Phase micrograph of orcein stained D_. hydei salivary gland 

polytene chromosome showing terminal portion of chromosome II. Both 

pictures are from the same pair of salivary galnds. In (A) the gland 

was incubated for 2 hours in Poels medium minus pyridoxine. In (B) 

the gland was incubated for 2 hours in medium containing 1.5 x 10~^M 

pyridoxine HCl. Arrows indicate the positions of band 48C and 47B. 





Fig. 2 Kinetics of puff II-48C induction by 1.5 x lO'^M 

pyridoxine. Puff measurements were made relative to band 

II-47B. Note there is a signifigant increase in puff 

diameter within 5 minutes. 
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Fig. 3 Size of puff II-48C re la t i ve to band II-47B 

a f te r a two hour incubation in varying concentrations of 

pyr idoxine. Even at the lowest concentration of 

pyridoxine (10~ M) an increase in the diameter of 

II-48C over the control size is detected. There i s 

a large increase in the size of the puf f from the 

concentrations of 10"-^ to 10" M pyridoxine. 
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Discussion 

Although a substantial amount of work has been carried out 

over the past 10 years on the heat shock puffs of both D_. melano-

qaster and D_. hydei only in the last year has some progress been 

made on the actual mechanism by which the heat shock results in 

puff formation. Work with the addition of substances to isolated 

D.. melanoqaster polvtene nuclei has shown that the "inducer" is 

probably a protein or proteins (Bonner, 1982). The nature of the 

protein produced as a result of puffing is still unclear. The 

reaction appears to be a universal one, however. It has been found 

in plants, yeasts,and all animals investigated and the polypeptides 

produced appear to be highly conserved (Ashburner, 1982). The 

current hypothesis is that the response is "homeostatic" (Lewis et_ 

ai-' 1975). 

This chapter reports that the coenzyme pyridoxine HCl induces 

a single heat shock puff in isolated salivary glands of D̂. hydei. 

The diameter of the puffed area begins to increase immediately upon 

the addition of the pyridoxine to the medium and the ultimate size 

of the puff after a two hour incubation is dependent on the conc-

entration of the pyridoxine used in the culture medium. There is 

a linear increase in the size of the puff with a logarithmic increase 

in pyridoxine concentration from the lowest concentration used 

(10~7M to 10~3M)' Between 10""^ and 10" M there is a logarithmic 

increase in puff diameter. This correlates with a massive accum-

ulation of RNP (ribonucleoprotein) particles in the puff when 

isolated salivary glands are incubated in high concentrations of 
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pyridoxine (Derksen et_ a2_., 1973). Bisseling et_ al_. (1976) found 

in microdissected puffs a symmetrical peak of RNA on polyacrylamide 

gels. This RNA had a "S^" value of 38S. These authors implied 

that the symmetry of the peak resulted from the storage of RNA in 

the puff which would account for the puff's massive increase in 

diameter and the accumulation of RNP particles in the puffed region. 



CHAPTER III 

INDUCTION OF PROTEIN SYNTHESIS* 

Introduction 

In D_. hydei a single one of the heat shock puffs may be induced 

by injection of pyridoxine HCl (vitamin Bg) into the larva or by 

incubation of isolated salivary glands in culture medium containing 

10 M or greater pyridoxine (Leenders £t aj_., 1973). 

This puff (II-48C) has been induced in isolated salivary glands 

of D. hydei by pyridoxine (vitamin B.) at concentrations from 10~7 
— b 

_2 
to 10 M. The puff begins to form within 5 minutes and continues 
to increase in size up to 2 bours. 

Under heat shock conditions at least seven new proteins are 

synthesized in D_. melanogaster (Ashburner and Bonner, 1979) and at 

least six in _D. hydei (Lewis £t al., 1975). Th exact number of 

polypeptides induced is a function of both the temperature and the 

length of the induction. 

An examination of the proteins synthesized after pyridoxine 

induction in_D. hydei by Koninkx (1976) failed to find any new 

protein synthesis. This study used only very high concentrations 

of pyridoxine. In this chapter protein synthesis is examined in 

Ĉ. hydei salivary glands after induction with various amounts of 

* Material presented in this chapter has been published. Brady, T. 

and K. Belew. 1981. Pyridoxine induced puffing (11-480) and syn-

thesis of a 40 kD protein in Drosophila hydei salivary glands. 

Chromosoma 82:89-98. 

15 
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pyridoxine. 

Materials and Methods 

Sal ivary glands of la te t h i r d instar larvae were hand dissected 

in Ringers solut ion (Leenders and Knoppien, 1973) at 5°C. Five 

pairs of glands were incubated in 10 ul of cul ture medium (Poels, 

1972) at 25°C containing an appropriate concentration of pyridoxine 

HCl at pH 6.3. Newly synthesized proteins were labeled by trans-

fe r r ing the glands to the appropriate cul ture medium containing 

1 uCi ^^S-methionine (Amersham S.A. 600-1300 Ci/mM) for 30 minutes. 

The ef fec t of c!-amanitin on protein synthesis was tested by the 

incubation of sa l ivary glands in 10" M pyridoxine HCl plus 1 ug/ml 

<^ -amamitin for 2 hours at 25°C. For heat shock,nlands were 

incubated at 37°C for times of 15-90 minutes, S-methionine was 

added for the las t 15 minutes of the incubation. Glands were 

rinsed in Ringers solut ion and homogenized in 100 ul of extract ion 

buffer (Le Stourgeon and Beyer, 1977). The homogenate was placed 

in bo i l ing water for 15 minutes, centr i fuged at 7,000 g for 20 minutes 

and the supematant was run on 10% SDS-acrylamide gels (LeStourgeon 

and Beyer, 1977). Gels were stained with Coomassie Blue and dr ied . 

Autoradiography was performed using Kodak No-Screen X-ray f i l m . 

Exposure time was 7 - 1 4 days. 

Results 

Protein Synthesis in Response to Pyridoxine Incubation 

Although an extremely large puff forms at pyridoxine concentrations 

between 1 x 10 and 5 x 10" M,protein synthesis in glands incubated 

in these concentrations can not be detected (Koninkx, 1976). Chapter 
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I I demonstrated that the diameter o f the chromosome increased ( i . e . , 

a puff forms) wi th increasing pyridoxine concentration. We therefore 

examined a l te ra t ions in the protein synthet ic pattern at concentrations 

7 -2 

of pyridoxine from 10 'M to 10 M. Figure 4 shows the autoradiographic 

pattern of a control gel incubated for 2 hours in cul ture medium 

containing no pyridoxine and the pattern from a gel obtained from 

sal ivary glands incubated for 2'hours in medium containing 1 x 10" M 

pyridoxine. A singje new peptide was synthesized in glands incubated 

in pyridoxine which was not present in the control glands. When 

compared to marker proteins th is polypeptide has a molecular weight 

of 40 kD. încubation of sa l ivary glands in c^-amanitin ( lug/ml) 

prevented the synthesis of th is peptide at a l l concentrations of 

pyridoxine (F ig .4 ) . The synthesis of the peptide, as determined from 

the examination of autoradiograms, occurred at a l l concentrations of 
-7 ? 

pyridoxine examined from 10 M up to 10 M (Fig. 5b). A s l i gh t bdnd 

was seen at 10" M and the in tens i ty of the band increased with 10"^ to 

10~°M pyridoxine. At higher concentrations the density of the 40 kD 
_p 

band decreased un t i l wi th 1.5 x 10 M pyridoxine no detectable 

protein synthesis could be observed on the gels, although the in tens i t y 

o f the Coomassie Blue sta in ing pattern remained re la t i ve l y constant 

(Fig. 5a). 

Time Course for Synthesis of 40 kP Peptide 

Sal ivary glands were incubated in pyridoxine (10~ M) for time 

in;tervals from 15 minutes to 2 hours. Glands were t ransferred to a 

medium containing S-methionine plus pyridoxine HCl for the las t 

15 minutes of the incubation time. No indicat ion of the synthesis 
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of a 40 kD peptide could be observed in control glands incubated in 

culture medium lacking pyridoxine either for 15 minutes incubation or 

for 2 hours incubation (Fig. 6). In the experimental glands incubated 

in 1 X lO'^M pyridoxine some indication of the synthesis of this 

peptide could be observed after 15 minutes incubation and the intensity 

of the band increased for the duration of the experiment. 

Protein Synthesis in Response to Heat Shock 

The pattem of major changes in protein synthesis during heat 

shock of isolated salivary glands (Fig. 7) has been described (Lewis 

et_ al_., 1975; Koninkx, 1976). Six major proteins with molecular 

weights of approximately 72, 68, 26, 25 and 20 kD have been described. 

We have also observed a band of newly synthesized protein occurring 

at 40 kD. The synthesis of this protein is as intense as that of the 

other heat shock proteins. It first appears in salivary glands which 

have been incubated at 37°C for 15 to 30 minutes and its synthesis is 

most intense at this time. This peptide is still synthesized, but 

in much smaller amounts at 45 and 60 minutes and is not observed 

at all in salivary glands incubated at 37°C for longer than 60 minutes. 

Thus we have a system in which the coenzyme pyridoxine HCl induces 

a single puff in D_. hydei salivary glands. We have also found that 

the size of this puff is dependent on the concentrations of the 

pyridoxine and is active in concentrations as low as 10" M. Under 

conditions in which the single puff is induced a single new protein 

is produced with a molecular weight of 40 kD. This same protein is 

induced in all cases when heat shock puffs are formed and its syn-

thesis is dependent on new mRNA synthesis as demonstrated by its lack 
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of synthesis during incubations in ^-amani t in under conditions that 

the puff II-48C is formed. 
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Fig. 4 Autoradiogram of SDS polyacrylamide gel. Proteins 

were extracted from salivary glands incubated in (a) Poels 

medium, (b) Poels medium containing 1 x 10~^M pyridoxine 

and 1 ug/ml o<-amanitin and (c) Poels medium with 1 x 10"^M 

pyridoxine. A major peptide of 40,000 D. is synthesized in 

the presence of pyridoxine which is not synthesized in the 

controls or in the salivary glands incubated in the presence 

of o<-amanitin. 



45-



22 



Fig. 5 (a) Coomassie Blue staining pattern of SDS poly-

acrylamide gel. The protein was extracted from salivary 

glands which were incubated in molarity of pyridoxine 

indicated. 

(b) Autoradiogram of gel shown in (a). The arrows 

indicate a newly synthesized protein induced by molarities 

-7 ? 
of pyridoxine from 10 M to 10~-̂ M. This protein has a 

molecular weight of 40,000 D. 
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Fig. 6 Autoradiogram of SDS polyacrylamide gel. The 

protein was extracted from salivary glands which were 

incubated in 10 M pyridoxine for the times indicated. 

(C) protein was extracted from salivary glands incubated 

for 60 minutes in Poels media, The arrow indicates the 

location of the 40,000 D. protein induced by pyridoxine. 

The protein is first noted after a 30 minute incubation. 
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Fig. 7 Autoradiogram of 
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Under conditions where the region II-48C is puffed in other 

than the maximal state (concentrations of pyridoxine up to 10"^M 

of during early heat shock) a protein of 40 kD is synthesized. 

This is the only new protein synthesized in response to pyridoxine 

induction of the single puff (II-48C) while it is one of several 

new proteins which are observed to be synthesized in response to 

heat shock. Berendes et^^. (1965) describe four major and three 

minor puffs which form in response to heat shock in D_. hydei. 

Lewis et̂  il- (1975) describe the synthesis of six new peptides after 

a one hour heat shock. This same pattern was observed by Koninkx 

(1976) in long (60 minutes or greater) heat shock. In this chapter 

the synthesis of an additional band of protein at the molecular 

weight of 40 kD after a 30 minute heat shock is reported. An exam-

ination of the gels presented by Koninkx (1976) of the same heat shock 

time (30-60 minutes) also shows the synthesis of a protein of this 

molecular weight. Like Koninkx (1976), we have also observed that 

under conditions in which II-48C is maximally induced (1.5 x 10~^M 

pyridoxine) no protein synthesis is observed in isolated salivary 

glands. 

is is a system in which the coenzyme pyridoxine induces a 

in 2- hydei salivary glands. We have also found that 

ions in which a single puff at II-48C is induced a single 

is produced with a molecular weight of 40 kD. This 

protein requires new mRNA synthesis as demonstrated by its lack of syn-

thesis during incubations of isolated salivary glands in ^>-amanitin 

under conditions that form a puff. 

Thus thi 

single puff i 

under conditi 

new protein i 
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The induction of II-48C has been implicated in an increase in 

the activity of the enzyme tyrosine aminotransferase (Leenders and 

Knoppien, 1973). This relationship is examined in Chapter IV. 



CHAPTER IV 

INDUCTION OF TYROSINE AMINOTRANSFERASE ACTIVITY* 

Introduction 

Pyridoxine induces both a puff (II-48C) and the synthesis 

of a 40,000 D.. polypeptide in the salivary glands of Drosophila 

hydei. A polypeptide o'f the same molecular weight is synthesized 

after heat shock in this organ. It is a minor component of the 

heat shock polypeptides and is found only after a 30 minute heat 

shock, not after extended times (Brady and Belew, 1981). The 

identity to function of the heat shock polypeptides is not 

known. 

In an effort to elucidate the function of the heat shock 

products of D. hydei, Leenders and Knoppein (1973) incubated 

salivary glands with individual Krebs cycle intermediates and 

each of the amino acids under conditions in which the heat shock 

puffs were present. They then measured the O^ consumption in 

each case. Only two of the molecules tested caused an increase 

in the O^ consumption - isocitric acid and tyrosine. They hypo-

thesized that under conditions in which the heat s.hock puffs were 

present these molecules were being preferentially metabolized. 

Presumably reasoning that one of the modes of metabolism of tyrosine 

*Material in this chapter has been published. Belew, K. and 

T. Brady. 1981. Induction of tyrosineaminotransferase by pyridoxine 

in Drosophila hydei. Chromosoma 82: 99-106. 

30 
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was transamination, they incubated the isolated salivary glands 

in pyridoxine HCl (vitamin Bg) the coenzyme for tyrosine trans-

aminase and other transaminating enzymes. The result was the 

appearance of a single puff at region II-48C. This is one of the 

heat shock puffs. 

Tyrosine aminotransferase (TAT) is hormonally inducible in a 

number of mammalian systems and has been widely studied (Thompson 

et.ai., 1966; Granner et_ a^., 1968; Gelehrter et_ a]_., 1972; 

Valeriote et_ aj_., 1969; Roewekamp et̂  al_., 1976). In each case 

the increased levels of TAT have relied on a concomitant increase 

in mRNA synthesis (Roewekamp et_ a]_., 1976). TAT may also be induced 

by injection of its coenzyme pyridoxine (vitamin B5) into rats. 

Two theories exiit,. to exp'l'ain this type of induction. The first 

is that pyridoxine acts to only stabilize the already present TAT 

(Tryfiates, 1971). This condition exsists in pyridoxine deficient 

rats. The second (Holten et̂  al_., 1967) occurs in normal rats and 

results in new mRNA synthesis and new protein synthesis as a result 

of pyridoxine injection. 

Chapters II and III demonstrated that pyridoxine induces both 

a single puff (II-48C) and a single newly synthesized protein of 

40kD in the salivary glands of D_. hydei. This chapter investigates 

whether TAT activity and synthesis are induced by pyridoxine in 

_D. hydei salivary glands. 

Materials and Methods 

Salivary gland isollation and incubatton 

Salivary glands were hand dissected in Ringers solution 

(Leenders and Knoppein, 1973) at 5°C. Control pairs of salivary 
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glands were incubated in Poels medium (Poels, 1972) fo r times 

corresponding to s is te r experimental glands. 

Incubation in pyridoxine 

Experimental sal ivary glands were incubated in pyridoxine 

-2 fi 

HCl at concentrations of 10 M to 10" M in Poels medium (Poels, 

1972) for various times (10 minutes to 4 hours) at 25°C to induce 

TAT a c t i v i t y . 

Effect of g(.-amanitin on TAT a c t i v i t y 

The e f fec t of s^-amanitin on TAT a c t i v i t y was tested by the 

incubation of sa l ivary glands in 10"^M pyridoxine HCl plus 1 ug/ml 

í>^-amanitin for two hours at 25'̂ C. 

Induction of heat shock 

Isolated sa l ivary glands were incubated at 37°C in Poels 

medium (Poels, 1972) fo r various times (10 to 60 minutes). 

Assay for TAT a c t i v i t y 

Glands were r insed in Ringers solut ion (Leenders and Knoppein, 

1973) and homogenized in potassium phosphate buffer (100 mM at pH 

6.8) . The homogenate was centr i fuged at top speed in a Fisher 

desk top centr i fuge (Model 59) for 5 minutes. One hundred (100) ul 

a l iquots o f the supernatant were preincubated with 10 ul tautomerase 

(Sigma grade I I ) and 0.8 ml tyrosine reaction mixture (Thompson 

et_al_., 1966) for 10 minutes at 25°C, then 100 ul of a 0.1 M 

«-ketoglutarate solut ion was added. The a c t i v i t y of TAT was 

followed by the rate of increased absorption at 310 nm (Thompsom 

et a i . , 1956). 

Protein concentration assay 

The amount of protein in the sample was determined by the 
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method of Bradford (1976) (dye reagent from BioRad Labs) using 

bovine IgG as a standard. 

Results 

Molar i ty of pyridoxine required for induction 

To determine whether TAT a c t i v i t y is inducible by pyridoxine 

in Drosophila hydei sa l ivary glands, isolated glands were incub-

-7 -2 

ated in 10 'M to 10 '̂ M pyridoxine fo r two hours. Ac t i v i t y was 

assayed using the spectrophotometric method of Thompson e_t a l . 

(1966). This measures the accumulation of the product hydroxy-

phenyl pyruvate, which absorbs at 310 nm. Incubation of sal ivary 

glands in pyridoxine increased the enzyme ac t i v i t y of TAT three 

f o l d over the controls (incubation of sal ivary glands in media 

wi th no added pyridoxine) (Fig. 8) . Maximal induction occurred 
-5 in glands incubated in 10 M pyridoxine. High concentrations of 

pyridoxine (10~ to 10"^M) induced higher TAT ac t i v i t y than the 

control l eve ls , but not as great as that induced by 10"^M 

pyridoxine. 

Time course of induction by pyridoxine 

Isolated sal ivary glands were incubated in 10" M pyridoxine 

for times up to 6 hours and then assayed for TAT a c t i v i t y (F ig. 9). 

A substantial increase in a c t i v i t y is noted af ter two hours, but 

a c t i v i t y increased over th ree- fo ld a f te r the six hour incubation, 

the longest time tested. 

Effect of< -amanitin on TAT induction 

To determine whether the induction of TAT ac t i v i t y by incu-

bation of iso lated sal ivary glands in pyridoxine was dependent on 
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new mRNA synthesis, íH-amandtin (1 ug/ml) was added to the incubation 

-fi 
media (containing 10 M pyr idoxine). Sal ivary glands were incu-

bated for two hours in the pyridoxine media e i ther containing or 

lacking the i nh i b i t o r . There is no increase in the TAT a c t i v i t y 

when í3<.-amanfitin is added to the incubation media, whereas a 

dramatic increase is evident when incubations are done in py r id -

oxine alone (F ig . 10). A potent i nh i b i t o r o f polymerase I I , 

<A -amanatin blocks the increase in TAT a c t i v i t y induced by 

pyridoxine. This indicates that de novo mRNA synthesis is required 

for the increased TAT a v t i v i t y seen a f te r pyridoxine induct ion. 

Time course of induction by heat shock 

Isolated sa l ivary glands were incubated at 37°C for times up 

to one hour and then assayed for TAT a c t i v i t y (Fig. 11). A peak 

of TAT a c t i v i t y is noted at the 45 minute heat shock incubation 

t ime. The a c t i v i t y declines with the longer incubation time of 

60 minutes. 
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Fig. 8 Induction of TAT activity by pyridoxine 

Salivary glands were incubated in Poels medium (control) 

containing various concentrations of pyridoxine at 25 C 

for 2 hours. Glands were homogenized, centrifuged and 

the supernatants were assayed for TAT activity. Each 

point is the average of three independent determinations, 
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Fig. 9 Time course of TAT induction by pyridoxine 

Salivary glands were incubated in 10"^^ pyridoxine in 

Poels medium for the times indicated at 25°C. Glands 

were homogenized, centrifuged and the supernatants were 

assayed for TAT activity. Each point is the average of 

three independent determinations. Standard errors are 

indicated. 
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Fig. 10 Effect of íX-amanitin on the induction of TAT 

by pyridoxine. Salivary glands were incubated fo r two 
0 c 

hours at 25 C in Poéls ( con t ro l ) , 10"°M pyridoxine in 

Poels medium or in 10~^M pyridoxine plus 1 ug/ml c^-amanitin 

in Poels medium. Glands were homogenized and centr i fuged. 

The supematants were assayed for TAT a c t i v i t y . 
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Fig. 11 Induction of TAT by heat shock. Salivary glands 

were incubated in Poels medium at 37°C for the times 

indicated. Glands were homogenized and centrifuged. 

Supernatants were assayed for TAT activity. Each point 

represents the average of three independent determinations, 

Standard error is indicated. 
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Discussion 

Increased tyrosine aminotransferase (TAT) activity is induced 

by incubation of isolated D_. hydei salivary glands in pyridoxine 

HCl or by incubation at 37oc. Under both conditions a puff at 

II-48C is induced on the salivary gland polytene chromosomes. 

Maximal TAT levels are induced by incubation of salivary glands 

in 10" M pyridoxine. At this concentration only a small puff at II-48C 

is induced. A 40,000 D. polypeptide is the only change found in 

the pattern of newly synthesized proteins induced by pyridoxine 

(10"-^ to 10~6M) incubations which is not found in control salivary 

-2 
glands. At molarities of pyridoxine above 10 M no proteins are 

synthesized in D̂. hydei salivary glands (Koninkx, 1976). 

The increase in TAT activity requires a concomitant mRNA syn-

thesis, because no increase in TAT is induced by pyridoxine in the 

presence of the RNA polymerase II inhibitor c^-amanatin (1 ug/ml). 

Heat shock of isolated salivary glands also induced both a 

puff at II-48C (in addition to puffs at five other loci) and a 

40,000 D. newly synthesized protein (in addition to the six other 

heat shock proteins). The synthesis of this polypeptide is found 

only after a 30 -45 minute incubation of isolated salivary glands 

at 37°C (in contrast to the other heat shock proteins which are found 

after incubation times of 30 - 90 minutes). Induced TAT activity 

reaches a maximum after a 45 minute heat shock. 

Increased levels of TAT activity are correlated with the induction 

of a puff at II-48C. However, these data suggest that the induction of a 

large puff at II-48C is not compatible with TAT synthesis (indeed 

no protein synthesis is found when a giant puff is formed by the 
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incubation of salivary glands in 1.5 x 10 M pyridoxine)(See Chapter 

I I I ) . 

These data are compatible with the hypothesis that at times 

when puff II-48C is maximally induced, newly synthesized mRNA is 

stored in the puff as RNP particles (Derksen, 1975) rather than 

released to the cytoplasm for translation. 



CHAPTER V 

PURIFICATION AND CHARACTERIZATION OF 

TYROSINE AMINOTRANSFERASE* 

Introduct ion 

Tyrosine aminotransferase (TAT, E.C.2.6.1.5) has been widely 

studied and pu r i f i ed from rat l i v e r (Gelehrter et^ ^ . , 1972; Holten 

et_ a l . , 1967; Shuler and Try f ia tes , 1877; Thompson et̂  al_., 1966; 

Tomkins et̂  aj_., 1965; T ry f ia tes , 1971). This enzyme has been of 

par t i cu la r in teres t because i t is inducible under a number of 

diverse condit ions. Hydrocortisone (Thompson et̂  ^ . , 1966; Marston 

et^al_., 1981), dexamethasone (Gelehrter et^ ^ . , 1972; Tomkins et a 1 . , 

1965), pyridoxal phosphate (vitamin B5) (T ry f ia tes , 1971) and insu l in 

(Heaton et_ aj_., 1980) a l l induce TAT a c t i v i t y in hepatocytes. 

Incubation of iso lated sa l ivary glands from Drosophila hydei 

in pyridoxine induces the formation of a puff at band II-48C on the 

sal ivary gland chromosomes. This is an ind icat ion of intense 

t ranscr ip t iona l a c t i v i t y . The accumulation of a newly synthesized 

40,000 D. polypeptide and an increase in tyrosine aminotransferase 

a c t i v i t y are álso induced by incubations of sal ivary glands in 

pyridoxine. The induction of a 40,000 D. newly synthesized protein 

and the induced TAT a c t i v i t y are both sensi t ive to Q(-amanitin and 

therefore require new synthesis of mRNA. Are the events independent 

* The data in th i s chapter have been published. Belew,K. and T.Brady. 

1981. Tyrosine aminotransferase from Drosophila hydei sal ivary glands 

character izat ion, p u r i f i c a t i o n , and antibody production. Insect Bioch. 

11:239-245. 
45 
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of one another or is there a connection between the appearance of 

a transcriptionally active puff (II-48C), a newly synthesized protein, 

and the increase in TAT activity in the salivary glands of £. hydei? 

It is with this background that TAT was purified and used to 

prepare antibody against TAT. 

Materials and Methods 

Mass isolation of salivary qlands 

Third instar larvae were grown in mass culture. The larvae 

were isolated from the fly media by floating them out with 8% NaCl 

(Boyd et_ al_., 1968). Organs were isolated by the method of Boyd 

et_ aj_. (1968) as follows. Larvae were spread on a glass plate 

(approximately 8 g at a time) and oriented with a strong light. 

The larvae were rolled over from behind with a steel rod (which had 

a 1 mm clearance on each end). The carcasses and extruded organs 

were rinsed into a beaker with isolation ringers (0.095 M NaCl, 3 mM 

KCl, 4 mM CaCl2> 10 mM Tris, pH 7.1). The preparaticn was allowed to 

settle and the fat bodies, which float, were poured off. The prep-

aration was swirled and poured through a 1.1 ri ii mesh sieve to remove 

larval carcasses. The remaining organs were homogenized in 30 ml of 

50 mM potassium phosphate buffer, pH 7.6 containing 1 mM EDTA and 1 mM 

OTT (Buffer i). The homogenate was spun at 3,500 rpm at 5°C for 10 

minutes. 

DEAE cellulose chromatography 

The supernatant was removed and applied to a DEAE cellulose colume 

(3 cm i.d. X 30 cm) which had been thoroughly cleaned and equilibrated 

with Buffer I. The column was washed with Buffer III (0.125 M KPO^, 
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pH 7.0 with 1 mM EDTA and 1 mM DTT) until the absorbance at 254 nm of 

the effluent was zero. Sixteen ml fractions were collected and those 

fractions possessing TAT activity were pooled. To reduce the volume, 

the TAT containing fractions were placed in a dialysis bag in a box of 

chilled polyethylene glycol (PEG) and left ovemight. The reduced 

fractions were dialyzed against Buffer II (0.05 M KPO4, pH 6.5 with 

1 mM EDTA, 1 mM DTT, 2 mM ov-ketoglutarate and 0.2 mM pyridoxal phos-

phate). 

Sephadex G-100 chromatography 

The dialysate was loaded onto a Sephadex G-100 column (3 cm i.d. 

x 30 cm) which had been equilibrated with Buffer II. The sample was 

eluted with Buffer II at 0.5 ml/minute. Sixteen minute fractions were 

collected and assayed for TAT activity. 

CM cellulose chromotography 

Fractions from the Sephadex G-100 containing TAT activity were 

pooled and run on CM cellulose column (1.5 cm i.d. x 30 cm) equili-

brated with Buffer II. The column was eluted with a linear gradient 

of Buffer and Bufferll containing 0.3 M KCl at 1 ml/minute. Eight 

ml fractions were collected. 

Native and SDS acrylamide gel electrophoresis 

Two (2) ug of each fraction from the CM cellulose chromatography 

was run on SDS-10% acrylamide gels (Le Stourgeon and Beyer, 1977) and 

stained with Coomassie Blue for total proteins. Fractions containing 

only a single protein band were reserved and run on native gels 

(Johnson, 1975). The native gels were stained for TAT activity (Shaw 

and Prasad, 1970) and for general proteins. Fractions exhibiting a 

single band in each stain were lyophilized and stored dessicated. 



Sephadex G-200 chromatography 

A Sephadex G-200 column was equilibrated with Buffer II. The 

void volume of the column was determined with Dextran Blue. To 

determine themolecular weight of native TAT, molecular weight 

standards (ferritin, ovalbumin, bovine serum albumin, myoglobin, 

and hemoglobin) were mixed with 0.2 mg purified TAT in 450 ul 

Buffer II. This sample was loaded onto the column and eluted with 

Buffer II at 0.22 ml/ minute. Eight minute fractfons were collected 

and assayed for TAT activity. The elution of the standards was 

followed by absorption at 254 nm. 

TAT antibody preparation 

Two hundred (.200) ug of the lyophilized TAT were brought up in 

0.5 ml HpO and mixed with 0.5 ml Freunds complete adjuvant and was 

injected into the foot pad of a rabbit. The injections were repeated 

21 and 42 days later. Eight days after the last injection, the 

rabbit was bled by heart puncture. Serum was collected and stored 

frozen. The serum was tested for reaction with TAT by Ûucterlony 

diffusion gels (Kabat and Meyer, 1961). 

Immunoprecipitation of TAT 

Isolated salivary glands (20) were incubated 1.5 hours in 10" M 

pyridoxine HCl in 50 ul Poels medium (Poels, 1972) at 25 °C. The 

glands were then transferred to media containing 10"^M pyridoxine 

35 
HCl and 4.0 uCi S methionine (Amersham, 600- 1300 Ci/mmol) and 

incubated for 30 minutes at 25°C. 

The glands were ground in 550 ul of PBS (pH 6.8) and centrifuged 

at 3,500 rpm for 30 minutes. The supernatants wersincubated with 
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either anti-TAT serum, normal rabbits serum (NRS) or PBS for 3 days 

at 4°C. The precipitated protein was run on SDS polyacrylamide gels 

(Le Stourgeon and Beyer, 1977). The gel was drieri and autoradiographed. 

Salivary gland isolation 

Salivary glands were hand dissected in Ringers solution (Leenders 

and Knoppein, 1973) in a cold chamber at 0-5°C. 

Incubation in pyridoxine HCl 

To induce TAT activity, isolated salivary glands were incubated 

in 10~^M pyridoxine HCl in Poels medium (Poels, 1972) for two hours 

at 25°C. 

Assay for TAT activity 

Qlands were rinsed in Ringers solution (Leenders and Knoppein, 

1973) and homogenized in potassium phosphate buffer (lOOmM at pH 6.8). 

The homogenate was centrifuged at 20,000 rpm in a Sorvall RC-5 

centrifuge for 30 minutes at 25°C. One hundred (100) uT aliquots of 

the supernatant were preincubated with 10 ul tautomerase (Sigma, grade ÍI) 

and 0.8 ml tyrosine reaction mixture (Thompson et cn_., 1966) for 10 

minutes at 250C, then 100 ul of a 0.1 M o^.-ketoglutarate solution was 

added. The activity of TAT was followed by the accumulation of 

hydroxyphenylpyruvate-enol borate at 31 nm. One (1) unit is defined 

as the amount of TAT which will form 1 mM hydroxyphenylpyruvate-enol 

borate in 1 minute. For K„ determinations for each of the substrates 
m 

the concentrations of that substrate was varied keéping the concen-

trations and volumes of all other compoBents> constant. 

Protein determination 

The amount of protein in the samples was assayed by the method 

of Bradford (1976) using dye reagent from BioRad Labs and bovine 
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liimmunoglobulin as the protein standard. 

Isoelectric focussing 

To determine the isoelectric point of purified TAT a 7% acrylamide 

vertical thin slab gel was run using a modification of Vesterberg 

(1972). The gel was polymerized with 7% acrylamide, 2.5% bis acrylamide 

5% ampholines (Bio-Rad Biolyte, pH 3-10) and riboflavin in the 

presence of fluorescent light for one hour. The gel was allowed to 

set for an additional 3 hours and then was chilled at 4°C for several 

hours. The sample was applied as a 25% sucrose layer (with 0.8%' 

carrier ampholines) and over layered with 10% sucrose with 0.8% 

carrier ampholines. The cathode buffer used was 0.5 M NaOH (degassed) 

the anode buffer was 0.05 M H3PO4. The run was done under 200 V for 

18 hours at 4°C. At the end of the run, the sample well was cut out 

and stained with Coomassie Blue (Chrambach et aj_., 1967). A center 

well was excised and cut into 1 cm strips, the strips were placed 1n 

1 ml degassed distilled water. The pH of the water was measured after 

sitting for one hour at room temperature. 

Results 

Purification of TAT 

Purification schemes used to isolate TAT from rat liver are 

numerous ( D o n n e r ^ ^ . , 1973; Granner and Tomkins, 1970; Miller et al., 

1971;Thompson, 1974; Valeriote ^ ^ . , 1969) and were used to guide the 

purification of TAT from D_. hydei. A combination of three chromato-

graphy steps which resulted in an electrophoretically pure enzyme 

was used. 

Table I summarizea the purification of D_. hydei salivary gland 

TAT used to prepare antibody in rabbits. The procedure, although 
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successful in the preparation of an electrophoretically pure enzyme 

preparation is inefficient. The qualitative assay used to screen 

each chromatography fraction is relatively insensitive and fractions 

containing small amounts of TAT would have been missed. The assay 

was chosen because it is rapid and simple to perform on the numbers 

of samples generated by chromatography. 

Three chromatographis steps were used to purify TAT from crude 

organ homogenates. The main activity eluted from the DEAE cellulose 

in fractions 2-4. Enzyme activity eluted in the void volume on 

Sephadex G-100 and eluted from CM cellulose in fractions 2-3. 

(Fig. 12). 

The fractions with TAT activity were analyzed by SDS polyacryl-

amide electrophoresis to assess relative purity and to determine the 

subunit molecular weight of TAT (Fig. 13). A single polypeptide of 

40,000 D was found in fraction 3 from the CM cellulose column. Purity 

was further investigated on native electrophoresis gels. A single 

band was found both by TAT activity stain and total protein stain 

(Fig. 14). 

TAT molecular weight 

To determine the molecular weight of native TAT, the purified 

TAT was chromatographed on Sephadex G-200. The molecular weight 

of TAT relaive to standards was 150,000 D (Fig. 15). This would 

indjcate that native TAT probably exsists as a tetramer of 40,000 D 

subunits. 

Anti-TAT anti serum 

The 40,000 D molecular weight corresponds to the molecular 

weight of the newly synthesized protein which is induced by pyridoxine. 
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Td determine if this newly synthesized protein was TAT, antibody 

against TAT was prepared. Purified TAT was used as the immunogen and 

antibody response was elicited in a rabbit. A single precipitin 

line formed in Oucterlony double diffusion gels using either whole 

salivary gland homogenates or purified TAT as antigen and whole sera 

or partially purified immunoglobulins as antibody (Fig. 16). 

Immunoprecipitation of TAT 

Isolated salivary glands were incubated with pyridoxine HCl 

(10" M) for two hours, S methionine added for the last half hour. 

Homogenized glands were incubated with anti-TAT or NRS (normal rabbit 

serum). Precipitates were electrophoresed on SDS-polyacrylamide gels 

which were then autoradicgraphed (Fig. 17). A single major band 

(with a molecular weight of 40,000 D) precipitated with anti-TAT. This 

protein incorporated the ^^S methionine label and was therefore newly 

synthesized. This protein band migrated at the same molecular weight 

as the band induced by pyridoxine. The newly synthesized protein 

induced by pyridoxine was recognized by anti-TAT and is therefore TAT. 

pH optimum 

TAT has a sharp pH optimum (Fig. 18). The optimum is found both 

in salivary glands incubated in pyridoxine and those not incubated in 

pyridoxiøe. The pH requirements for TAT are yery sharp as has been 

noted for the mammalian enzyme (although an optimum of pH 7.6 was 

found in rat) (Kenney, 1965). All subsequent assays were done at pH 

6.8. 

Km and Vmax determinations 

TAT activity was assayed at pH 6.8 using crude salivary gland 

homogenates as the enzyme source. Lineweaver-Burke double recriprocal 
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plots were used to analyze all data. Lines were described using 

linear regression of the data points. Km s determined for tyrosine, 

ûv.-ketoglutarate and pyridoxine HCl were 4.97 x 10"^M, 1.07 x lO'^M 

ande.Ol X 10~^M respectively (Figs. 19, 20, 21). V max of 130 units/mg 

was found for TAT. 

Isoelectric point 

The isoelectric point of TAT was determined by isoelectric 

focussing in polyacrylamide gels using nondenaturing conditions 

(Vesterberg, 1972). Purified TAT was used and the location of the 

protein band was detected by Coomassie Blue staining. The pl was 

found tc be 7.0 by determination of the migration of the protein 

band in the pH gradient (Fig. 22). 
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Table I . Pur i f i ca t ion of TAT 

CRUDE EXTRACT 

DEAE CELLULOSE 

SEPHADEX G-100 

CM CELLULOSE 

Total 
Protein 

mg 
13,250 

1,020 

100 

0. 64 

Total 
Activity 5 
nits X 10 
14.8 

8.6 

3.5 

2.06 

Specific 
Activity 
units/mg 
0.112 

0.841 

3.457 

321.49 

xlO^ 
Yield 
% 

100 

53 

23 

12.7 

Purity 
n-fold 

7.5 

31.0 

2867 
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Fig. 12 Elution profiles of each chromatography column used 

in the purification of TAT. Fractions containing TAT activity 

are marked by a -i-. Those fractions were pooled and run on the 

succeeding column. 
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Fig. 13. SDS acrylamide gel electrophoresis of 2 ug of fraction 3 

from the CM cellulose chromatography step. A single band of protein 

of 40,000 D molecular weight is found. 
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Fig. 14 Native gel electrophoresis of protein fraction 3 from 

the CM cellulose cehomatography step. Lane 1 was stained for TAT 

activity and lane 2 was stained fro total proteins. Only a 

single band was found in each lane. 
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Fig. 15 Chromatography of TAT ( f rac t ion 3 from the CM cel lu lose 

column) on Sephadex G-200 re la t i ve to the molecular weight standards. 

The arrow indicates the e lut ion volumn of TAT re la t i ve to the e lu t ion 

of the void volume of the Sephadex G-200 column (Ve/Vo). The TAT 

elutes at a re la t i ve molecular weight of 150,000 D. 



60 

10*0 

FERRITIN 

AXHEMOGLOBIN 
^ , 8 S A 

OVALBUMIN 

MYOGLOBIN 

^e/Vo 



61 

llllflllillllllllllllllllllllll 

m 
lllilllllHíllfll 

V 

iyliiiiliitiliiiiiiLuliiijlu 

Fig. 16 Oucterlony gel of anti TAT antiserum and purified 

TAT and a whole salivary gland homogenate. AntiTAT is in the 

center well (1:0), well A contains purified TAT and well B 

contains the supernatant of a salivary gland homogenate. 

A single line si found in each case. 
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Fig. 16 Oucterlony gel of anti TAT antiserum and purified 

TAT and a whole salivary gland homogenate. AntiTAT is in the 

center well (1:0), well A contains purified TAT and well B 

contains the supernatant of a salivary gland homogenate. 

A single line si found in each case. 
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Fig. 17 Immunoprecipitation of TAT. Autoradiogram of SDS 

polyacrylamide electrophoresis gel. Salivary glands were incubated 

0 -5 

at 25 C for 2 hours in 10 M pyridoxine. Proteins were labeled 

in the last 15 minutes by "̂  S methionine added to the medium (Lane 3). 

Salivary glands were homogenized and centrifuged. The supernatants 

were incubated with either antiTAT serum (Lane 2) or normal rabbit 

serum (NRS) (Lane 1) for 3 days at 4°C. Immunoprecipitates were 

cellected by centrifugation, boiled in an SDS sample buffer, and 

separated by SDS acrylamide gel electrophoresis. 

É 
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Fig. 18 pH optimum for TAT activity. Assay reaction mixtures 

were pHed to the pH noted at each point. At least three measurements 

of activity were performed at each point. The bars indicate standard 

c 

error. A. activity after a tv;o hour incubation with 10"^M pyridoxine, 

• activity in uninduced glands. There is a single significant 

optimum both in salivary glands incubated with and without pyridoxine. 
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Fig. 19 Tyrosine Km for TAT. TAT a c t i v i t y was assayed with various 

concentrations of tyrosine in the reaction mixture. The slope of the 

l i ne is 3.8 x l ~^M/unit/mg. Vmax is 132 units and the Km is 

4.97 X 10"^M. Linear regression corre lat ion of 0,96. 
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Fig. 20 «-ketoglutarate Km for TAT. TAT a c t i v i t y was as'sayed at pH 

6.8 with various concentrations of a-ketoglutarate in the reaction 

mixture. The l ine was determined using the l inear regression analysis, 

Vmax is 142 units/mg and Km is 1.07 x lO'^M. 
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Fig. 21 Pyridoxine Km for TAT.. TAT activity was assayed at pH ' 

6.8 with various concentrations of pyridoxine in the reaction 

mixture. The line was dete.rmined using regression analysis. 

Slope of the line is 4.57 x 10"^ M/units/mg, Vmax is 130 uhits/mg' 

Km is 6.0 X 10~^M. ^ and Q are each the mean of 3 replicates of 

2 different trials. 
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Fig. 22 Isoelectric point of TAT. pH gradient within the 

polyacrylamide isoelectric focussing gel. The location of 

TAT in the gel is indicated by an arrow. The pl of TAT is 7.0, 
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Discussion 

TAT purified from D. hydei salivary glands has a subunit mole-

cular weight of 40,000 D. TAT purified from rat liver has a molecular 

weight of 44,000 D and chromatographs pn Sephadex G-200 as a dimer of 

90,000 D (Roewekamp and Sekeris, 1977). Hargrove and Granner (1981) 

estimate the nat'ive molecular weight of rat liver TAT as 110,500 D 

based on the Stokes radius and sedimentation coefficient. 

Our data indîicate that ID. hydei TAT native enzyme is a tetramer and 

has a isoelectric point of 7.0. The pl of rat liver TAT was found to 

be 5.9 (Hargrove and Granner, 1981). 

Purification procedures for TAT from mammalian tissues are many. 

Most procedures have limited steps using the stability (Valerioce 

^ âl., 1969; Granner and Tomkins, 1970), the molecular weight (Donner 

.et il., 1978) and the affinity of TAT for the coenzyme analogs of 

pyridoxal phosphate ( M i l l e r ^ ^ . , 1972) as the basis of a purifi-

cation scheme. The purification reported here of D. hydei TAT was 

drawn primarily from two sources ( Donner e^ _al_.» 1978; Valeriote 

^ aj_., 1969). The primary goal of the purification was to obtain 

material sufficiently pure and in large enough quantity to elicit 

antibody response in a rabbit. Although the procedure described 

proved to be a very inefficient method of purifying TAT from D_. hydei 

organs, it did meet the primary criterion of providing a suitable 

antigen. With the antiTAT available a less time consuming purification 

may be possible using affinity chromatography. The availability of 

D. hydei tissue culture cells should also reduce the difficulty of 

obtaining a source of cellular material. 
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To determine whether the newly synthesized 40,000 D polypeptide 

induced by pyridoxine is the newly synthesized TAT, purified TAT was 

used to prepare antibody in a rabbit. The whole antiserum reacts with 

both purified TAT and whole salivary gland homogenates to form a 

single precipitin line in Oucterlony double diffusion gels. The anti-

serum was used to precipitate TAT from newly synthesized proteins 

from salivary glands incubated in 10~ M pyridoxine HCl. As determined 

by SDS âcrylamide electrophoresis a single newly synthesized poly-

peptide was precipitated by anti-TAT. This polypepti.de comigrates 

with the 40,000 D. polypeptide induced by pyridoxine. The newly 

synthesized polypeptide induced by pyridoxine is thus TAT. 

TAT is charactierized by a pH optimum of 6.8. This compares 

with a sharp optimum of 7.6 in rat liver TAT (Kenney, 1959) and a 

sharp optimum of 7.7 for TAT from dog liver (Canellakis and Cohen, 

1956). The pH of D_. hydei hemolymph is 6.9, near the pH optimum. 

Michaelis-Menton constants of 4.9 x 10"^M for tyrosine, 1.07 x 

1 ~ 4 M for c<-ketoglutarate and 6.01 x lO'^M for pyridoxine HCl v/ere 

found for D. hydei TAT. Rat liver TAT has a higher Km for each of the 

substrates, 1.5 x 10~-̂ M and 6.5 x 10~^M for tyrosine and «(-ketoglut-

arate respectively (Kenney, 1959; Jacoby and La Duc, 1964). The 

Kms for these substrates with dog liver TAT were reported to be 7.1 

X 10" M and 1.6 x 10~^M (for tyrosine and o<-ketoglutarate respectively) 

The Km of 3.1 x 10' M for pyridoxal phosphate is lower than the Km 

for pyridoxine reoprted here for D̂- >iydei TAT. 

There was inhibition of activity at high concentrations of 

o<-ketoglutarate (0.0025M or greater). This substrate i.nhibTti.on was 

not found for rat liver TAT (Kenney, 1959), but was reported for 

http://polypepti.de
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TAT from dog liver (Canellakis and Cohen, 1956), 



CHAPTER VI 

ISOLATION OF TAT mRNA 

Introduction 

Elevation of the growth temperature of Drosophila hydei larvae 

to 37°C induces the formation of a series of heat shock puffs in 

the polytene chromosomes of the salivary glands (see Ashburner and 

Bonner, 1979 for a review). Not only are these puffs very trans-

criptionally active, but the heat shock transcripts replace the mRNA 

usually present on the polysomes within 30 minutes after induction 

(McKenzie êt al., 1975) resulting in a specific set of polypeptides 

synthesized after heat shock (Tissieres et aj_., 1974; Lewis et a]_., 

1975; Spradling et ai., 1975). 

Hybridization of îritium labeled heat shock transcripts to sal-

ivary gland chromosomes demonstrates that the regions which puff are 

those coding for the heat shock transcripts (Spradling jet̂  a1_., 1975; 

Bonner and Pardue, 1976; Lubsen et̂  ̂ . , 1978). 

A few of the polypeptide products induced by heat shock have 

been correlated with specific heat shock puffs in both £. melano-

gaster and D_. hydei (IshHorowitz et̂  ̂ . , 1979; Lubsen and Sondermeijer, 

1978; Holmgren et̂  ̂ . , 1979; Sondermeijer and Lubsen, 1979; Craig 

and McCarthy, 1980). In D. hydei a 13S RNA hybridizes to IV-85B which 

codes for a 25,000 D polypeptide (Sondermeijer and Lubsen, 1979). 

Region II-36A codes for the 70,000 D heat shock polypeptide (Lubsen 

and Sondermeijer, 1978). The D_. melanogaster heat shock polypeptides 

of 83,000 D, 68,000 D and 70,000 D are coded for by the heat shock 

loci 63BC, 95D and 87A and C respectively (Holmgren et. £[., 1979). 
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One of the heat shock puffs in 0.- melanogaster and .. hydei is 

inducible under conditions which do not induce the other heat shock 

puffs. In .̂ hydei II-48C may be induced by pyridoxine HCl (Leenders 

et_ a]__., 1973; see Chapter II). The induction of this puff has been 

correlated with the induction of a 40,000 D. polypeptide and an 

increase in TAT (tyrosine aminotransferase) activity (see Chapters 

III and IV). Puff 93D in _D. melanoqaster is induced by benzamide and 

by aged Graces media (Lakhotia and Murherjee, 1979; Bonner and Pardue, 

1976) as well as incubation of isolated salivary glands in pyridoxine 

(Brady, personal communication). 

Copy DNA from nuclear RNA transcribed at II-48C (Peters et al., 

1982) and 93D (Mohler and Pardue, 1982) has recently been cloned. 

The cloned 450 bp fragment from £. hydei hybridizes to nascent RNA 

transcripts at II-48C and is found in multiple copies at this locus. 

Nuclear RNA transcripts of II-48C are more complex and abundant than 

those found in the cytoplasm (Peters it ^ . , 1980). The cloned fragment 

is not a likely candidate for a protein coding mRNA.(Peters et al., 

1982). The isolated nascent transcript isolated from II-48C puffs 

has a sedimentation coefficient of 40 S (Bîsseling et ai^.. 1976) and 

estimates place the length of the coding sequence at 9.0 kb (Peters 

ejt al., 1982). Cytoplasmic poly A-i- polysomal RNA hybridizing to 

II-48C is estimated to be either 15 S (Lubsen ^ aj_., 1978) or 9S 

(Sondermeijer and Lubsen, 1979). This cytoplasmic RNA has yet to be 

successfully cloned. 93D in D̂. melaongaster has an equally coraplex 

RNA pattern. Only 28 - 585̂  of the nascent 9.6 kb transcript is 

exported to the cytoplasm. The nuclear RNA hybridizing to 93D is both 

poly A- and poly A-i- and contains sequences not found in the cytoplasmic 
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RNA hybridizing to 93D (Lengyel et̂  al_., 1980). Work with the ebony 

mutants and a clone of the 93D heat shock copy DNA has mapped the 

93D heat shock locus genetically (Mohler and Pardue, 1982). 

These puffs (II-48C and 93D) are not necessarily correlated 

in their induction with the other heat shock puffs (Murherjee and 

Lakotia, 1979). Independent induction of these particular puffs 

makes them especially valuable in the investigation of their function. 

In D̂. hydei Incubation of isolated salivary glands in pyridoxine 

induces puff II-43C and the synthesis of TAT. Purified TAT was used 

toprepare anti-TAT (see Chapter V). Polysomes synthesizing TAT were 

precipitated with antibody specific to TAT (Palmiter et̂  aj[., 1972). 

The RNA for TAT was j_n situ hybri.dized to the polytene chromosomes 

of D_. hydei to localize the coding sequence for the mRNA. Using 

this sequence of experiments the coding sequence for TAT was sought in 

Di. hydei to determine whether the induction of TAT and puffing at II-48C 

were directly related. 

Materials and Methods 

Salivary gland isolation 

Third instar larvae were grown in mass culture. Thirty g of 

larvae were isolated from fly media by floating them out with 8% 

NaCl (Boyd ^ a/[., 1968). Organs were isolated by the method of 

Boyd ^ ^ . ( 1 9 6 8 ) as follows. Larvae were spread on a glass plate 

(approximately 8 g at a time) and oriented with a strong light. 

The larvae were rolled over from behind with a steel rod (which has 

a 1 mm clearance on each end). The carcasses and extruded organs 

were rinsed into a large beaker with isolation Ringers ( 0.095M NaCl, 

3 mM KCl, 4 mM CaCl^, 10 mM tris, pH 7.1). 
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The preparation was allowed to settle, the fat bodied which 

float were poured off. The preparation was swirled and poured through 

a 1.1 mm mesh sieve to remove larval ^arcacces. The remaining organs 

were allowed to settle and the Ringers was poured off. Isolated 

organs were incubated with 10~^ M pyridoxine HCl in Poels media 

(Poels, 1973) for 1 hour at 25°C to induce TAT polysome formation. 

The solution was aspirated off the settled organs at the end of the 

incubation period. 

Polysome isolation 

Polysome isolation was performed by the following procedure as 

modified from the procedure of Palmiter (.1974). A 10% homogenate of 

the organs was prepared in Buffer A (25mM tris, 25 mM NaCl, 5 mM 

MgCl^. pH 7.5) with 1 mg/ml heparin and 2% Triton X. The homogenate 

was centrifuged in a Sorvall SS34 rotor for 5 minutes at 15,000 rpm. 

The polysomes were precipitated by raising the Mg+-!- concentration 

to 100 mM and incubating at 0°C for 1 hour. These and all subsequent 

steps were carried out at 0°G and with sterile glassware unless 

otherwise noted. 

To test the efficiency of this procedure sucrose gradients were 

run and analyzed. All subsequent experiments were conducted as 

follows. After incubation eight ml aliquots of the solution were 

layered on 4 ml cushions of 0.2 :A sucrose in Buffer A with 100 mM 

MgCl- and 1 mg/ml heparin. The polysomes were pelleted at 15,000 rpm 

in a SS34 rotor for 10 minutes. The polysomes were resuspended in 

20 mM HEPES (pH 7.5) after the supernatant was removed by aspiration 

(Palmiter, 1974). 
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Sucrose gradients 

Sucrose gradients were run to determine the efficiency of the 

magnesium precipitation of polysomes from solution (Palmiter, 1974). 

An aliquot (0.3 ml) of the 10% homogenate (diluted with 0.3 ml Buffer 

A) , 0.6 ml of the supernatant of the magnesium precipitation step 

and 0.2 ml of the resuspended polysomes were reserved from the poly-

some precipitation procedure above. The samples were layered over 

11.5 ml sucrose gradients. The 0.5M to 1.5M (17.1 to 51.3%) sucrose 

gradients were made up in 25 mM tris, 25 mM NaCl, 5 mM MgCl^. pH 7.5. 

Gradients were centrifuged at 280,000 g using a SW 41 rotor. After 

centrifugation the gradients were fractionated at 0.75 ml/min, the 

absorbance was monitored at 254 nm. 

TAT polysome isolation 

The polysome preparation was incubated with anti-TAT (1:10) for 

1 hour. The resultant precipitant was centrifuged through IM sucrose 

in Buffer A with 40 ug/ml heparin. The pellet was washed with 2 ml 

Buffer with 0.5% Triton X-100 and recentrifuged (Palmiter et al., 

1972). 

TAT mRNA preparation 

The pellet was brought up in 20 mM HEPES (pH 7.5) and diluted 

with 0.1 M NaOAc (pH 5). SDS was added to 0.5% and the solution was 

vortexed. One volume H^O saturated phenol was added and the mixture 

was shaken at room temperature. One volume of chloroform was added 

and shaken. The preparation was centrifuged 2 minutes at 27,000 x g. 

The lower phase was removed via aspiration. The water phase was 

extracted two more times with chloroform. The clear water phase was 

carefully aspirated. The RNA was precipitated with two volumes of 
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95% ethanol overnight at -20°C. The precipitate was centrifuged at 

15,000 rpm for 20 minutes (Palmiter, 1974). 

Oligo dT cellulosa chromatoqraphy 

Oligo dT cellulose (0.1'mg) was washed with distilled water 

and equilibrated with Buffer II (0.5 M KCl, 0.01 M tris, pH 7.5) 

(Aviv and Leder, 1972). Immunoprecipitated polysomal RNA was 

extracted as above. The RNA was washed with Buffer I (0.2 NaCl, 

50% ethanol). The RNA was dissolved in 100 ul Buffer II and was 

applied to the top ot the oligo dT cellulose column. The column 

was eluted with Buffer 11 at 1 ml/min (1 minute fractions were 

collected) until the absorbance returned to baseline. The column was 

then eluted with distilled water until the absorbance returned to 

baseline. The RNA was precipitated with 2% sodium acetate and 2 

volumes ethanol at -20 C. The column was regenerated with 0.1 N KOH. 

In vitro translation 

The wheat germ system was prepared according to the method of 

Roberts and Paterson (1973) as described by Roewekamp ^ ^ . (1976). 

Fresh wheat germ was ground with an equal amount of sand (6g) and 

28 ml of a solution of 20 mM HEPES pH 7.6 , 100 mM KCl, ImM Mg acetate, 

2 mM CaClp and 6 mM 2-mercaptoethanol. The homogenate was centri-

fuged at 30,000 g for 10 minutes (at 2 C). The supernatant was 

removed (avoiding the fat layer). The solution was brought to 3.5 

mM Mg acetate and preincubated with 1 mM ATP (neutralized), 20 ug GTP, 

2 mM DTT, 8mM creatine phosphate and 40 ug creatine phosphokinase 

per ml of homogenate for 15 minutes at 30 C. The solution was then 

passed over a Sephadex 6 25 (coarse) column which had been previously 

equilibrated with 20 mM HEPES (pH7.6), 120 mM KCl, 5mM Mg acetate and 
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6 mM 2-mercaptoethanol at a flow rate of 1.4 ml/minute. The turbid 

fractions were pooled and frozen in liquid nitrogen. The assay system 

consisted of 20 ul of the preincubated wheat germ, 20 mM HEPES (pH 

7.6), 2 mM DTT, 1 mM ATP, 20 mM GTP, 8 mM creatine phosphate, 16 ug 

RNA, 10 uCi S methionine (S.A. 800-2300 Ci/mM), 40 uM amino acids 

(minus methionine), 160 mM KCl, 4 mM Mg acetate and 0.016 mM spermidine. . . 

The reaction was conducted at room temperature for 2 hours. The 

reaction was stopped by addition of 5 ul 100 mM EDTA. 

Analysis of translation products 

Total translation products of both control assays (no exogen-

eous RNA added to the assay system) and those to which RNA 

was added were analyzed on SDS polyacrylamide gels. The reaction 

mixtures were mixed 1:1 with sample buffer (Le Stourgeon and Beyer, 

1977). The gel was run for 1 hour and 20 minutes at 20 mA and 

1 hour at 50 mA. The gel was stained with Coomassie Blue B 

to visualize total polypeptides, dried and autoradiography 

was performed. 

Immunoprecipitation of TAT from translation products was 

accomplished by mixing the total reaction mixture with 0.5 ml 

anti TAT antiserum. The mixture was incubated overnight at 4°C. 

Precipitated material was collected by centrifugation at 15,000 

rpm for 30 minutes. The precipitate was washed twice with PBS 

and dissolved in sample buffer (Le Stourgeon and Beyer, 1977), 

boiled 15 minutes and applied to the top of a 10% polyacrylamide 

gel. The gel was run for 1.5 hours at 20 mA and 1 hour at 50 mA. 

The gel was stained with Coomassie Blue B and autoradiographed 

with Kodak NoScreen film. 
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In situ localization of mRNA 

Salivary glands from white prepupae were dissected in Ringers 

solution and fixed in 3:1 (absolute ethanol: glacial acetic acid) for 

at least 5 minutes. Glands were squashed in 45% acetic acid. Cover-

slips were removed and the slides were post fixed in 3:1 for 5 minutes 

and air dried. Slides were rinsed in 2X SSC and incubated in 100 ug/ml 

pancreatic RNAse in 2X SSC for 60 minutes at 25°C. Slides were chilled 

in 2X SSC (Gall and Pardue, 1969; Pardue and Gall, 1972) and denatured 

in 90% formamide in O.IX SSC at Ŝ'̂ C for 2.5 hours (Alonso, 1973). 

Slides were plunged into ice cold O.IX SSC for 5 minutes followed by 

rinses in ice cold 70% and 95% ethanol. Slides were air dried and 

stored dessicated. 

•'H labeled RNA was prepared by incubating 200 pai.r hand ísolated 

salivary glands in 100 uCi of each of the four tritiated ribonucleoside 

triphosphates for 1 hour at room temperature and then extracting the 

RNA as described above. The extracted immunoprecipitated TAT polysomal 

RNA was dissolved in 2X SSC-50% formamide. Hybridization was carried 

out under a coverslip in 5 ul in a moist chamber. Preparattons were 

incubated at 25°C for 12 hours. Slides were extensively rinsed in 

2X SSC and treated wlth pancreatic RNAse (20 ug/ml) for 3 hours at 

25°C. Slides were rinsed in 2X SSC and dipped in NB-2 nucTear tract 

emulsion (diluted 1:1 with H^O). and exposed. After two months the 

slides were developed, stained with 1:20 Geimsa in PB.S for 5 minutes, 

rinsed in PBS and air dried. Slides were examined micrcscopically. 
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In vitro translation 

The immunoprecipitated polysomal RNA was translated in an hetero-

logous in vitro translation system of Roberts and Paterson (1973). 

The immunoprecipitated RNA was used as the exogenous RNA source and 

the protein products were labeled with ^^S methionine. The protein 

products were analyzed in two ways. First, the total proteins were 

electrbphoresed on SDS lO^acrylamide gels. Second, the protein products 

of the in vitro translation were incubated with anti-TAT to immuno-

precipitate TAT in the mixture. The immunoprecipitated protein was 

electrophoresed and the gel autoradiographed (Fig. 26). Theinmunc-

precipitated polypeptide is a single band of molecular welght 40 kD. 

This molecular weight corresponds to the molecular weight of purified 

TAT. The RNA extracted from anti-TAT immunoprecipitated polysomes 

is identified as that coding for TAT. 

In situ hybridization 

RNA extracted from tritium labeled polysomes immunoprecipitated 

by anti-TAT was in situ hybridized to D_. hydei salivary gland squashes. 

Silver grains were localized over band II-48C on the polytene chromo-

somes and over the nucleolus (Fig. 27). The nucleolus is the site of 

rRNA production and is a component cf polysome preparations. The 

label over II-48C identifies this band as the sifé of the coding 

sequence for TAT in D_. hydei. 
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Fig. 23 Sedimentation profiles of polysomes which were magnesium 

precipitated (b) and the supernatant of the precipitation (c) 

and the preparation prior to the precipitation step (a). Aliquots 

of each preparation were centrifuged through 0.5 to 1.5 M (17.1 

to 51.3%) sucrose gradients. The gradients were fractionated 

left to right (0.5 to 1.5M sucrose) and the absorbance of each 

fraction was recorded. The profiles of the fresh homogenate (a) 

and the magnesium precipitate (b) are similar. 
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Fig. 24 (a) Absorbance profile of the magnesium precipitated 

polysome pellet. The 260/280 ratio is 1.63. 

(b) Absorbance profile of the extracted polysomal RNA. 

The 260/280 ratio is 2.13. 
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Fig. 25 Elution prof i le of tota l immunoprecipitated polysomal 

RNA from an oligo dT cellulose column. A large absorbing peak 

elutes early from the column with the high sal t elution buffer. 

Specif ical ly bound poly A containing RNA elutes as a single peak 

only af ter the column is washed with d i s t i l l e d water. 



90 

O.D.. 
'260 

FRACTION NUMBER 



91 

Fig. 26 Autoradiogram of the 10% polyacrylamide gel of the in vitro 

translation products immunoprecipitated by anti TAT from assay 

system to which TAT mRNA was added. 
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Fig. 27 In s i t u hybr id izat ion of t r i t i u m labeled ant i TAT 

immunoprecipitated polysomal RNA to ^ . hydei sa l ivary gland 

polytene chromosomes. Label local ized over band II-48C and the 

nucleolus (N). 
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Discussion 

Rat liver TAT has a subunit molecular weight of 44 kD 

and the mRNA has a molecular weight of 8.5 x lO^ D (Hofer and Sekeris, 

1977). A mRNA of this size could code for a polypeptide twice the 

size of a single TAT subunit. This "excess" RNA is not restricted to 

TAT but has been well documented for the D.. melanoqaster heat shock 

protein coding mRNA. 

The heat shock mRNA isolated from D.. melanoqaster sediments as 

either 20S or 13S RNA. The 20 S fraction contains mRNA for heat shock 

proteins 84, 70, and 58 kD. The smaller proteins have RNA of 13S 

(McKenzie and Meselson, 1977; Moran et. al,., 1978). This RNA is 

l.,100 nucleotides long, sufficient to code for a polypeptide of 

47,000 D, but the polypeptides coded for by this mRNA fraction have 

molecular weights ranging from 22 to 27 kD (Voellmy et̂  aj_., 1981). 

The cytoplasmic RNA hybridizing to II-48C has a sedimentation coefflcient 

of 15S (Lubsen et. an[., 1978). This size RNA would be ample to code for 

a peptide of 40kD. 

Six of the heat shock mRNA in 2- hydei and £• melanogaster have 

been mapped via in situ hybridization and genetic techniques to the 

heat shock loci. Although the two species are not closely enough 

related to directly correlate the heat shock loci with cytological 

markers, in situ hybridization has made correlation of puffs in one 

species with those in the other possible (Peters et a1_., 1980). The 

major 70 kD heat shock protein (hsp) corresponds to II-32A in D_. hydei 

and 87AC in .0. melanogaster; 83kD hsp is coded for by IV-81B and 638-, 

68 kD hsp is coded for by II-36A and 95D; 26-27 kD hsp and the 22 kD 
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hsp are all coded for by the 67B locus of D, melanoqaster and probably 

by the IV 85B locus of i). hydei although the evidence is not complete 

(Peterson^ jl., 1979; Spradling .et ̂ . , 1977; Voellmy _et £!_., 1981; 

Holmgren jt A[.. 1979; IshHorowitz _et _al., 1979; Wadsworth et jH., 

1980; Sondermeijer and Lubsen, 1979; Peters _et ̂ al̂ ., 1980). The only 

two heat shock loci not accounted for by these procedures are II-48C 

in _D. hvdei and 93D in _D. melanogaster (Peters _et ̂ a]. ,1980). This has 

probably been for two reasons. The first is the lack of protein pro-

duction by the RNA from these loci during peak heat shock induction 

(see Chapter III), the time most groups attempt to isolate RNA for 

in situ hybridization. Unlike the other heat shock proteins, the pep-

tide product of II-48C is not produced in measurable quantities after 

45 minutes of heat shock and the RNA is not present on the polysomes 

but is found in the nuclear fraction and at the puff site (Belew and 

Brady, 1981a; Bisseling _et _al_., 1976; Derksen, 1975, Sondermeijer and 

Lubsen, 1979). The product of 93D is also found primarily in the nucleus 

during heat shock with only small amounts located in the cytoplasm 

(Lengyel ^ . a j . , 1980). 

Second, the only cloned sequence of II-48C is found repeated 

10-12 times at this locus and is not a likely candidate for a mRNA 

transcript (Peters_et^aj., 1982). This sequence was cloned from 

nuclear RNA. Nuclear RNA hybridizing to II-48C is not only more i 

abundant than cytoplasmic RNA hybridizing to II-48C, but the nuclear 

RNA contains sequences not found in the mRNA transcript in the cyto-

plasm. The repetitive nature of this clone is perhaps analogous to 

the first cloned sequence of a heat shock locus inj). melanogaster -

the 3(J3 sequences hybridizing to 87A-C (Livak et_aL, 1981; Leigh Brown 
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and Ish Horowitz, 1981). The ^<3sequences do not code for any of the 

heat shock proteins, but are transcribed during heat shock by a heat 

shock locus. 

Induction of the puff II-48C in D̂. hydei by low concentrations of 

pyridoxine allowed examination of the RNA and its translation product. 

The fraction of polysomal RNA immunoprecipitated by anti -TAT was 

demonstrated to contain sequences coding for TAT by in vitro translation. 

The in vitro translated polypeptides were immunoprecipitated by anti-

TAT. The only polypeptide found on the autoradiogram of the SDS 

polyacrylamide gel was one of 40 kD, the molecular weight of purified 

TAT (see Chapter V). These data indicate that the procedure for iso-

lating TAT mRNA was successful. Tritiated polysomes translating TAT 

were isolated, the RNA was extracted and in situ hybridized to £. hydeji 

salivary gland squashes. Silver grains were found over 2 locations on 

the polytene chromosomes, the nucleouls and band II-48C. The polysomal 

RNA preparation contains rRNA which hybridizes to the nucleolus. The 

hybridization of the RNA to II-48C identifies this locus as coding for 

TAT. 



CHAPTER VII 

SUMMARY 

Of the numerous systems used for the study of eucaryotic gene 

regu la t ion, the Diptem insects ( including Drosophila) o f fe r two 

d i s t i n c t advantages; the presence of polytene nuclei and many well 

documented mutants in a l l stages of development. During the larval 

stages most terminal ly d i f fe ren t ia ted t issues develop polytene 

chromosomes. These giant chromosomes consist of para l le l DNA mole-

cules (up to 2000 strands). This is d i s t i nc t from the single DNA 

molecules found in the chromosomes of mi to t ic ce l l s . Each of the s ix 

morphologically d i s t i nc t chromosomes of Drosophila hydei has been well 

characterized (Beerman, 1952; Berendes, 1968). Specif ic regions, l o c i , 

on the chromosomes may be located hy the pecul iar pat tem of bands 

which occur perpendicular to the length of the DNA strands. These 

bands have been interpreted as regions of more highly coi led DNA 

(Brady et. a^ . , 1973). 

Par t icu lar bands are involved in the phenomenon of pu f f ing . A 

puff is an area involved in intense t ranscr ip t iona l a c t i v i t y (Beerman 

1952; Beerman, 1961). Puffs are associated wi th spec i f ic developmental 

stages (Ashbumer, 1969; Berendes, 1965; Berendes, 1966) and with 

response to environmental s t imul i (Berendes, 1967; Berendes, 1971; 

Leenders et. al_., 1973). Heat shock, elevation of the growth temp-

erature of the larvae from 25° to 37°C resul ts in the formation of 

9 puffs in Ô. melanogaster and 6 major puffs in D̂. hydei (Ashbumer 

1970; Berendes et_ al_., 1965). Recovery from anaerobic shock, as well 

as treatment with respiratory i n h i b i t o r s , induces th is same set of heat 
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shock puf fs , at loc i 11-32, 11-36, I I -48C, I I I - 5 8 , IV-81B and IV-85B 

in D_. hydei (Leenders and Berendes, 1972). The reason for t h i s 

par t i cu la r response to environmental stress is unknown and has been 

the source of a large body of research. 

In an e f f o r t to elucidate the ef fect of t h i s puff pat tem on 

the sal ivary gland metabolism Leenders and Knoppein (1973), incubated 

sal ivary glands during the recovery from anaerobic shock with each 

of the amino acids and each of the Krebs cycle intermediated. Ô  

consumption of each preparation was measured. Of the compounds 

tested only two, i s o c i t r i c acid and ty ros ine , increased 0- consumption 

over the levels in the control glands. They hypothesized that t h i s 

increased consumption ref lected an increase in catabolism using these 

two compounds as substrates and proposed that tyrosine aminotransferase 

(TAT) which catalyzes the react ion, tyrosine •-»• phenylpyruvate might 

be involved. Further degradation df tyrosine along th i s pathway 

requires the presence of O^. 

In l a t e r experiments larvae were in jected with pyridoxine HCl 

(vitamin Bg), the coenzyme for tyrosine aminotransferase (Leenders 

et_ £l_., 1973). Pyridoxine induced the formation of a single one of 

the heat shock puffs II-48C in D. hydei sal ivary gland chronrasomes. 

Induction of a single one of the heat shock puffs by pyridoxine also 

occurs in _D. melanogaster at 93D (Brady, personal communication). 

In th i s d isser tat ion I have demonstrated that high concentrations 

of pyridoxine (10 M) induce a g iant , t ransc r ip t i ona l l y act ive puff 

at I I-43C. Lower concentrations (10"^ to lO'^M) also induce puff 

formation at II-48C but to a smaller degree. A single newly synthe-

sized protein (40,000D) is induced in these ce l ls a f te r incubation 
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-3 -6 
in 10 M to 10 M pyridoxine. At higher concentrations no protein 

synthesis is found. Increased TAT (tyrosine aminotransferase) 

activity is induced by pyridoxine in concentrations from lO" to 

10"^M (optimum 10"^M). Both the induction of the 40,000 D poly-

peptide and the TAT activity require new mRNA synthesis. 

Puíí-ified TAT from _D. hydei has a molecular weight of 40,000 D 

and was used to prepare antiserum in a rabbit. This antibody formed 

a single line in Oucterlony double diffusion gels with either whole 

salivary gland homogenates or purified TAT used as the antigen. 

This antibody precipitates the newly synthesized 40,000 D protein 

induced by pyridoxine identifying this proteín as TAT. In situ hybrid-

ization of tritiated polysomal RNA from antiTAT precipitated polysomes 

demonstrated that band II-48C codes for TAT. 

What is the mechanism of action of pyridoxine in the salivary 

gland of D_. hydei? The following hypothesis is offered. Pyridoxine 

and its analogs are coenzymes for the transaminating enzymes, including 

TAT. In the normal salivary gland pyridoxine and its active analogs 

are complexed by TAT and other proteins. Incubation of salivary 

glands in levels of pyridoxine above 10" M increases the intracellular 

concentrations of pyridoxine and it is complexed by a receptor for 

pyridoxine. This pyridoxine : receptor complex (PN:R) transverses 

the nuclear membrans. Once in the nucleus the PN or the PN:R 

complex attaches to the chromosomes causing transcription of II-48C. 

Heat shock may act by causing the intracellular pyridoxine to be 

released from enzyme complexes and is then picked up by the receptor 

molecule. 

There are several lines of evidence to support this hypothesis. 
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First, a 46,000 D protein has been shown to accumulate in the nucleus 

of heat shocked salivary glands (Falkner et a^. ,1981; Belew and Brady, 

1981b). This protein is also found to accumulate in the nuclei after 

pyridoxine induction of £. hydei salivary glands, but not after 

ecdysone treatment of salivary glands (Belew and Brady, 1981b). This 

protein has an affinity for chromatin (Falkner ^ al., 1981). Such 

a protein could represent the receptor molecule. 

Second, pyridoxine gets into the nucleus and binds to the chromo-

somes at II-48C (and other loci) (Brady, personal communication). 

This was demonstrated by indirect immunofluoresence microscopy. 

Third, work in mammalian systems has demonstrated that pyridoxal 

phosphate (an analog of pyridoxine) complexes with gluocorticoid and 

androgen receptors and effects their ability to bind DNA in filter 

assays (O'Brien and Cidlowski, 1981; Hiipakka and Liao, 1980; Cidlowski 

and Thanassi, 1978). 

Although not the answer to this undoubtably complex induction, 

this hypothesis was offered in the hope that it will be the basis of 

further research. 

An approach which may yield more information is to make use of 

the many mutants and phenocopies found in Drosophila. One mutant, 

ebony (e) maps at 93D in D̂. melanogaster (Mohler and Pardue, 1982) 

and at II-48C in D_. hydei (Grond ^ al., 1982). These polytene 

chromosome locations are coincidental with areas sensitive to puff 

induction by pyridoxine. Based on the evidence presented in this 

dissertation and the coincidental location of this. mutant the following 

hypothesis is made. The mechanism of this mutant may be the production 

of an inactive TAT. One line of evidence supports this hypothesis. 
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TAT from D̂. melanoqaster ebony mutants has a much higher Km for 

tyrosine than does TAT from wild type D. melanogaster (Brady, per-

sonal communication). TAT would be functionally unable with this Km 

for tyrosine to catalyze the reaction tyrosine—^phenylpyruvate. 

It is possible that without the alternate use of tyrosine to produce 

phenylpyruvate it is sequestered in melanin resulting in the ebony 

phenotype. 

Phenocopy by heat shock in D̂. melanoqaster has been reported 

by Mitchell (1966). A phenocopy is a nonheritable trait which mimics 

mutant phenotypes. Stages of prepupae were subjected to heat shock 

(incubated at 40°C for 40 minutes) at various times post puparium 

formation. Numerous phenocopies were produced and could be linked 

to the stage of development at which the pupae were subjected to the 

heat shock. Of primary interest to this discussion is the production 

of a blond phenocopy which mimics the straw D_. melanogaster mutant. 

There are at least two possible hypotheses for this event. First, 

the heat shock interrupts the normal pattern of protein synthesis 

for the enzymes necessary for pigment production. The authors favored 

this explanation (Mitchell, 1966). Second, heat shock causes not only 

the cessation of most protein synthesis, but also augments the synthesis 

of at least six polypeptides. It is possible that one of these is 

an enzyme (or results in the formation of an enzyme) active in pathways 

antagonistic to pigment formation. One could hypothesize that the 

elevated TAT levels induced by heat shock change the normal equilibrium 

of tyrosine usage. Large amounts of this enzyme could favor the 

phenylpyruvate product over that of melanin. The lack of melanin 

production would be reflected in the lack of pigment in bristles. 
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Induction of puffs II-48C in D. hydei and 93 D in £. melanogaster 

by pyridoxine offers a system of gene regulation which may be probed 

by biochemical, cytological and genetic appraaches. The work reported 

in this dissertation utilizes this system to correlate the production 

of puff II-48C with the appearance of newly synthesized TAT. It is 

hoped that this work will allow further questions to be asked with 

this system. 



LITERATURE CITED 

Alonso, C. 1973. Improved conditions for in situ RNA/DNA hybridization. 

FEBS Lett. 31:85-88. 

Ashburner, M. 1969. Patterns of puffing áctivity in the salivary 

gland chromosomes of Drosophila IV. Variability of puffing 

patterns. Chromosoma 27:156-177. 

Ashburner, M. 1970. Patterns of puffing activity in the salivary 

gland chromosomes of Drosophila V. Responses to environmental 

treatment. Chromosoma 31:356-376. 

Ashburner, M. 1982. The effects of heat shock on gene activity: an 

introduction. In Heat Shock From Bacteria to Man.Cold Spring 

Harbor LaboratoryjCold Spring Harbor,New York. pp.1-9. 

Ashburner, M. and Bonner, J.J. 1979. The induction of gene activity in 

Drosophila by heat shock. Cell 19:241-254. 

Ashburner, M. and G. Richards. The role of ecdysone in the control of 

gene activity in the polytene chromosomes of Drosophila. In Insect 

'Development, P.A. Lawrence, ed. (New York: Wiley). pp 203-225. 

Aviv, H. and P. Leder, 1972. Purification of biologically active globin 

mRNA by chromatography on oligo thymidylic acid-cellulose. Proc. 

Nat. Acad. Sci. 69:1408-1412. 

Belew, K. and T. Brady. 1981a. Induction of tyrosine aminotransferase 

by pyridoxine in Drosophilã hydei. Chromosoma 82:99-106. 

Belew, K. and T. Brady. 1981b. Changes in phenol soluble nuclear 

proteins correlated with puff induction in Drosophila hydei. Cell 

Differentiation 10:229-235. 

103 



104 

Beerman, W. 1952. Chromomerenkronstanz und specifische modifikation der 

chromosomenstruktur in der entwecklung und organdifferenzierung von 

Chironomus tentans. Chromosoma 5:139-198. 

Beerman, W. 1961. Ein Balbani-ring als locus einer speicheldrUsen 

mutation. Chromosoma 12:1-25. 

Berendes, H. D. 1965. Salivary gland function and chromosomal puffing 

in D. hydei. Chromosoma 17:35-77. 

Berendes, H. D. 1966. Gene activity in the malpighigian tubules of 

D. hydei at different developmental stages. J. Exp. Zool. 162:209-217. 

Berendes, H. D. 1967. The hormone ecdysone as effector of specific 

changes in pattern of gene activity of D. hydei. Chromosoma 22:274-

293. 

Berendes, H. D. 1968. Factors involved in the expression of gene activity 

in polytene chromosomes. Chromosoma 24:418-437. 

Berendes, H. D. 1971. Gene activity in diptern polytene chromosomes. 

Symp. Soc. Exp. Biol. 25:145-161. 

Berendes, H. D. 1972. Changes in specialized cell functions induced by 

ecdysone. Proc. 4th Int. Congress End. Int. Congress Series 273: 

311-314. 

Berendes, H. D., F.M.A. van Breugel and T.K.H.Holt. 1965. Experimental 

puffs in salivary gland chromosomes of D. hydei. Chromosoma 16:35-46. 

Biessmann, H., F.G. Falkner, H. Saumweber and W.F. Waller. 1982. Dis-

ruption of the vimentin cytoskeleton may play a role in heat 

shock response. In Heat Shock From Bacteria to Man.(Cold Spring 

Harbor, New York: Cold Spring Harbor Laboratories). pp 275-281. 



105 

Bisseling, T. H. D. Berendes, and N. H. Lubsen. 1976. RNA synthesis in 

puff 2-48C after experimental induction in Drosophila hydei. Cell 

8:299-304. 

Bonner,J. J. 1982. Regulation of the Drosophila heat shock response.In 

Heat Shock from Bacteria to Man. (Cold Spring Harbor: Cold Spring 

Harbor Laboratory). pp 147-153. 

Bonner, J. J. and M. L. Pardue. 1976. The effect of heat shock on RNA 

synthesis in Drosophila tissues. Cell 8:42-50. 

Boyd, J. B., H. D. Berendes, and D. Boyd. 1968. Mass preparation of 

nuclei from the larval salivary glands of Drosophila hydei. J. 

Cell Biol. 38:369-376. 

Bradford, M. 1976. A rapid and sensitive method for the quantitation of 

microgram quantities of proteins utilizing the principle of pro-

tein dye binding. Anal. Biochem. 72:248-254. 

Brady, T. and K. Belew. 1981 Pyridoxine induced puffing in D. hydei. 

Chromosoma 82:89-98. 

Brady, T., H. D. Berendes, A. M. C. Kuijpers. 1973. Gene activation 

following microinjection of ecdysone into nuclei and cytoplasm 

of larval salivary gland cells of Drosophila. Mol. Cell. Endocrin. 

1:249-257. 

Canellakis, Z. N. and P. P. Cohen. 1956. Kinetic and substrate specif-

icity study of tyrosine- -ketoglutaric acid transaminase. J. Biol. 

Chem. 222:63-71. 

Chrambach, A., R. A. Reisfeld, R. A. Wychoff and J. Zaccari. 1967. 

A procedure for rapid and sensitive staining of protein fraction-

ated by PAGE. Anal. Biochem. 20:150-154. 



106 

Cidlowski, J. A. and J. W. Thanassi. 1978. Extraction of nuclear 

glucocorticoid receptor complexes with pyridoxal phosphate. 

Biop.Bioch. Res. Comm. 82:1140-1146. 

Craig, E. A. and B. J. McCarthy. 1980. Four Drosophila heat shock 

genes at 67B:characterization of recombinant plasmids. Nucl. Acid 

Res. 8:4441-4457. 

Derksen, J. 1975. The submicroscopic structure of synthetically active 

units in a puff 6f D. hydei giant chromosomes. Chromosoma 50:45-52 

Derksen, J., H. D. Berendes, and E. Willart. 1973. Production and 

release of a locus specific ribonucleo protein product in poly-

tene nuclei of Drosophila hydei. J. Cell Biol. 59:661-668. 

Donner, P., H.Wagner and H. Krttger. 1978. Tyrosine aminotransferase from 

rat liver, a purification in three steps. Biochem. Biophys. Res. 

Comm. 80:766-772. 

Ellgaard, E. G. and U. Clever. 1971. RNA metaholism during puff induc-

tion in Drosophila melanogaster. Chromosoma 36:60-78. 

Falkner, F.G. and H. Biessmann. 1980. Nuclear proteins in Drosophila 

melanogaster cells after heat shock and their hinding to homo-

logous DNA. Nucl. Acid Res. 8:943-955. 

Falkner, F.G., H. Saumweher and H. Biessmann. 1981. Two Drosophila 

melanogaster proteins related to intermediate filament proteins 

of vertehrate cells. J. Cell Biol. 91:175-183. 

Gall, J.C. and M. L. Pardue. 1969. Formation and detection of RNA-DNA 

hybrid molecules in cytological preparations. Proc. Nat. Acad 

Sci. 63:378-383. 

Gelehrter, T.D., J. R. Emanuel and C. J. Spencer. 1972. Induction of 

tyrosine aminotransferase hy dexamethasone, insulin, and serum. 



107 

J. Biol. Chem. 247:6197-6203. 

Granner, D. K., S. Hayashi, E. B. Thompson and G. M. Tomkins. 1968. 

Stimulation of TAT synthesis hy dexamethasone phosphate in cell 

culture. J. Mol. Biol. 35:291-301. 

Granner, D. K. and C. M. Tomkins. 1970. Tyrosine aminotransferase 

(rat liver). Methods in Enzym. 17A:633-637. 

Greenleaf, A.L., U. Plagens, M. Jamrich and E.K.F. Bautz. 1978. RNA 

polymerase B(or II) in heat-induced puffs on Drosophila polytene 

chromosomes. Chromosoma 65:127-136. 

Grond, C.J., N. H. Luhsen and H. Beck. 1982. Recomhination frequency and 

DNA content of the distal part of the second chromosome of Dros-

ophila hydei Sturtevant. Experientia 38:328-329. 

Hargrove, J. L. and D. K. Granner. 1981. Physical properties, limited 

proteolysis and acetylation of tyrosihe aminotransferase from 

rat liver. J. Biol. Chem. 256:8012-8017. 

Heaton, J. H., E. E. Schilling, T. D. Gelehrter, M. M. Rechler, C. J. 

Spencer and S. P. Nissley. 1980. Induction of TAT and amino acid 

transport in rat hepatoma cells by insulin and the insulin-like 

growth factor, multiplication-stimulating activity. Mediation by 

insulin and multiplication-stimulating activity receptor. 

Biophys. Biochem. Acta 632:192-203. 

Hiipaaka, R.A. and S. Liao. 1980. Effect of pyridoxal phosphate on the 

androgen receptor from rat prostate: inhibition of receptor 

aggregation and receptor binding to nuclei and to DNA cellulose. 

J. Steroid. Biochem. 13:841-846. 

Hofer, E. and C. E. Sekeris. 1977. The mRNAs for rat liver enzyme TAT 



108 

and tryptophan oxygenase contain 40-50% noncoding sequences. 

Biochem. Biophys. Res. Commun. 77:352-360 

Holmgren, R., K. Livak, R. Morimoto, P. Freund and M. Meselsohn. 1979. 

Studies of cloned sequences from four Drosophila heat shock loci 

Cell 18:1359-1370. 

Holten, D. , W. D. Wicks, and F. T. Kenney. 1967. Studi.es on the role of 

Vitamin B5 derivatives in regulating tyrosine- -ketoglutarate 

transaminase activity in vitro and in vivô. J. Biol. Chem. 

242:1053-1059. 

Ish-Horowitz, D., S. M. Pinchin, P. Schedl, S. Artavanis-Tsakonas and 

M.E. Mault. 1979. Genetic and molecular analysis of the 87A7 and 

871C heat inducihle loci of D. melanogaster. Cell 18:1351-1358. 

Jacoby, G. and B.N. La Duc. 1964. Studies on the specificity of tyrosine 

- -ketoglutarate transaminase. J. Biol. Chem. 239:419-424. 

Johnson, G. 1975. Characterization of electrophoretically cryptic 

variation in the hutterfly, Colias meadii. Bioch. Genet. 15:665-693. 

Kahat, E. and M. Mayer. 1961. Kabat and Mayer's Experimental Immuno-

chemistry. (Charles Thomas, Publisher, Springfield, Ill.)905pp. 

Kenney, P.T. 1959. Properties of partially purified tyrosine- -keto-

glutarate transaminase from rat liver. J. Biol. Chem. 234:2707-2712. 

Koninkx, J. F. J. G. 1976. Protein synthesis in salivary glands of 

Drosophila hydei after experimental gene induction. Biochem. J. 

158:623-628. 

Lakhotia, S.C. and T. Murherjee. 1980. Specific activation of D. melano-

gaster hy benzamide treatment on the heat shock induced puffing 

activity. Chromosoma 81:125-136. 

http://Studi.es


109 

Lakhotia, S. C. and T. Murherjee. 1982. Ahsence of novel translation 

products in relation to induced activity of the 93D puff in 

D. melanogaster. Chromosoma 85:369-374. 

Leenders, H. J. and H. D. Berendes, 1972. The effect of changes in 

the respiratory metaholism upon genome activity in Drosophila 

I. The induction of geneactivity. Chromosoma 37:433-444 

Leenders, H. J. and W. G. Knoppein. 1973. Respiration of larval 

salivary glands of Drosophila in relation to the activity of 

specific genome loci. J. Insect Physiol. 19:1793-1800. 

Leenders, H. J.,J.Derksen, P.M.J.M. Maas and H. D. Berendes. 1973. 

Selective induction of a giant puff in Drosophila hydei hy vitamin 

Bg and derivatives. Chromosoma 41:447-460. 

Leigh Brown, A. J. and D. Ish Horowitz. 1981. Evolution of the 87A 

and 87C heat shock loci in Drosophila. Nature 290:677-682. 

Lengyel, J. A., L.' J. Ransom, M. L. Graham, and M. L. Pardue. 1980 

Transcription and metabôlism of RNA from the Drosophila 

melanogaster heat shock puff site 93D. Chromosoma 80:237-252. 

Le Stourgeon, W. M. and A. L. Beyer. 1977.. The rapid isolation, high 

resolution electrophoretic characterization and purification of 

nuclear proteins. In Methods in Cell Biology XIV: 387-406. 

Academic Presslnc, New York. 

Lewis, M, P. J. Helmsing and M. Ashhurner. 1975. Parallel changes in 

puffing activity and patterns of protein synthesis in salivary 

glands of Drosophila. Proc. Nat. Acad. Sci. 72:2604-3608. 

Livak, K., R. Freund, M. Schweber, P.C. Wensink and M. Meselsohn. 1978. 

Sequence organization and transcription at two heat shock loci 

in Drosophila. Proc. Nat. Acad. Sci. 75:5613-5617. 



110 

Lubsen, N. H. and P. J. A. sondermeijer. 1978. The products of the 

"heat shock" loci in Drosophila hydei. Correlation hetween 

2-36A and the 70,000 D molecular weight "heat shock" peptide. 

Chromosoma 66:116-125. 

Lubsen, N. H., P. J.A. Swndermeijer, M. Pages and C. Alonso. 

1978. In situ hyhridization of nuclear and cytoplasmic RNA to 

locus 2-48BC in D. hydei. Chromosoma 65:199-212. 

Marston, T.A.O., A.J. Dickson and C.I. Pogson. 1981. Factors affecting 

induction of tyrosine aminotransferase in isolated rat liver cells. 

Mol. Cell Bioch. 34:59-64. 

McKenzie, S.L., S. Henikoff, and M. Meselsohn. 1975. Localization 

of RNA from heat-induced polysomes at puff sites in Drosophila 

melanogaster. Proc. Nat. Acad Sci.72:1117-1121. 

McKenzie, S. L. and M. Meselsohn. 1977. Translation in vitro of 

Drosophila heat-shock messages. J. Mol. Biol. 117-279-283. 

Miller, J. V., P. Cautracasas and E. B. Thompson. 1971. Partial 

purification by affinity chromatography of tyrosine aminotrans-

ferase ribosomes from hepatoma tissue culture cells. Proc. Nat. 

Acad. Sci. 68:1014-1018. 

Mirault, M.E., M. Goldschmidt-Clermont, L. Moran, A. P. Arrigo and 

A. Tissieres. 1978. The effect of heat shock on gene expression 

in Drosophila melanogaster. Cold Spring Harhor Symp. Quant. 

Biol 42:819-827. 

Mitchell, H. K. 1966. Phenol oxidase and Drosophila development. 

Insect Physiol. 12:755-765. 

Mohler,J. and M. L. Pardue. 1982. Genetic analysis of the region of 

the 93D heat shock locus. In Heat Shock from Bacteria to Man 

Cold Spring Harbor, Cold Spring Harbor Laboratories.pp77-82. 



111 

Moran, L.,M.E. Mirault, P. A. Arrigo, M. Goldschmidt-Clermont, and 

A. Tissieres. 1978. Heat shock of D. melanogaster induces syn-

thesis of new mRNAs and proteins. Phil. Trans. R. Soc. Lond. 

8283:391-406. 

Murherjee, T. and S. C. Lakjotia. 1979. H uridine incorporation in 

the puff 93D and in chromocentric heterochromatin of heat shocked 

salivary glands in D. melanogaster. Chromosoma 74:75-82. 

Murherjee, T. and S.C. Lakhotia. .1981. Specific induction of the 93D 

puff in Drosophila melanogaster hy a homogenate of heat shocked 

larval salivary glands. Ind. J. Exp. Biol. 19:1-4. 

O'Brien, J. M. and J. A. Cidlowski. 1981. Interaction of pyridoxal 

phosphate with glucocorticoid receptors from HeLa S3 cells. J. 

Steroid Bioch. 14:9-18 

Palmiter, R. D. 1974. Magnesium precipitation of RNP complexes, 

expedient techniques for the isolation of'ungraded polysomes 

and mRNA. Biochemistry. 13: 3606-3615. 

Palmiter, R.D. , R. Palacios, and R. T. Schmifee. 1972. Identification 

and immunoprecipitation of polysomes. J. Biol. Sci. 247:3296-

3304. 

Pardue, M. L. and J. C. Gall. 1972. Molecular cytogenetics. In Mole-

cular genetics and developmental biology. M. Sussman, ed. Prentice-

Hall Englewood Cliffs, N.J. pp 65-99. 

Peters, F. P. A. M. N. , N. H. Lubsen and P. J. A. Sondermeijer. 1980. 

Rapid sequence divergence in a heat shock locus of Drosophila^ 

Chromosoma 81:271-280. 



112 

Peters, F. P. A. M. N., C. J. Grond, P. J. A. Sondermeijer and N. H. 

Lubsen. 1982. Chromosomal arrangement of heat shock locus 2-48B 

in Drosophila hydei. Chromosoma 85:237-249. 

Peterson, N., G. Noller, and H. Mitchell. 1979. Genetic mapping of 

the coding regions for three heat shock proteins in Drosophila 

melanogaster. Genetics 92:891-902. 

Poels, C. L. M.1972. Mucopolysaccharide secretion from Drosophila 

salivary gland cells as a consequence od hormone induced gene 

activity. Cell Diff. 1:63-78. 

Ritossa, F. 1962. A new puffing pattern induced hy heat shock and 

DNP in Drosophila. Experentia 18:571-573. 

Ritossa, F, M. 1964a. Experimental activation of specific loci in 

polytene chromosomes of Drosophila. Exp. Cell Res. 35:601-607. 

Ritossa, F. M. 1964b. Behavior of RNA and DNA synthesis at the puff 

level in salivary gland chromosomes of Drosophila. Exp. Cell 

Res. 36:515-523. 

Roberts, B. E. and B. M. Paterson. 1973. Efficient translation of 

tohacco mosiac virus RNA and rabbit glohin 9S RNA in a cell 

free system from commercial wheat germ. Proc. Nat. Acad. Sci. 

70:2330-2334. 

Roewekamp, E., E. Hofer, and C. E. Sekeris. 1976. Translation of 

mRNA from rat liver polysomes to tyrosine aminotransferase and 

tryptophan oxygenase in a protein synthesizing system from wheat 

germ. J. Biochem. 70:259-268. 

Roewekamp, W. and C. E. Sekeris. 1977. Purification and suhunit 

structure of tyrosine aminotransferase from rat liver.FEBS 

Letters 73:225-228. 



113 

Shaw, C. R. and R. Prasad. 1970. Starch gel electrophoresis of enzymes: 

a compliation of recipes. Biochem. Genet. 4:297-320. 

Shuler, J. K. and G. P. Tryfiates. 1977. Effect of cofactor depletion 

on liver tyrosine aminotransferase expression. Enzyme 22:262-265. 

Sondermeijer, P. J. A. and N. H. Lubsen. 1979. The activity of two 

heat shock loci of D. hydei in tissue culture cells and salivary 

gland cells as analyzed by in situ hybridization of complementary 

DNA. Chromosoma 72:281-291. 

Spradling, A.,.S. Penman and M. L. Pardue. 1975. Analysis of Drosophila 

mRNA hy in situ hyhridization: sequences transcribed in normal 

and heat shocked culture cells. Cell 4:395-404. 

Spradling, A., M. L. Pardue and S. Penman. 1977. mRNA in heat shocked 

Drosophila cells. J. Mol. Biol. 109:559-587. 

Thompson, E. B. 1974. Pyridoxamine phosphate. Methods in Enzym 34B: 

294-300. 

Thompson, E. B., G. M. Tomkins and J. Curran. 1966. Induction of tyro-

sine - -ketoglutarate transaminase hy steroid hormones in 

a newly established tissue culture cell line. Biochemistry 

56:296-303. 

Tissieses, A., H. K. Mitchell and U. M. Tracy. 1974. Protein synthesis 

in salivary glands of D. melanogaster:relation to chromosome 

puffs. J. Mol. Biol. 84:389-398. 

Tomkins, B. M., E. B. Thompson, S. Hayashi, T. Gelehrter, D. Granner, 

and B. Peterkofsky. 1965. Tyrosine transaminase induction in 

mammalian cells in tissue culture. Cold Spring Harbor Symp. 

349-360. 

Tryfiates, G. P.1971. Hormonal and cofactor induction of tyrosine 



114 4 

transaminase in vitamin Bg deficiency. Life Sci. 10:1147-1152. 

Valeriote, F. A., F. Auricchio, G. Tomkins, and D. Riley. 1969. 

Purification and properties of rat liver tyrosine aminotrans-

ferase. J. Biol. Chem. 244:3618-3624. 

van Breugel, F. M. A. 1966. Puff induction in larval salivary gland 

chromosomes of D. hydei. Genetics. 37:17-28. 

Vesterberg, 0. 1972. Isoelectric focussing of proteins in polyacryl-

amide gels. Biochem. Biophys. Acta 257:11-19. 

Voellmy,R., M. Goldschmidt-Clermont, R. Southgate, A. Tissieres, R. 

Levis and W. Gehring. 1981. A DNA segment isolated from chromo-

somal site 67B in D. melanogaster contains four closely linked 

heat-shock genes. Cell 23:261-270. 

Wadsworth, C , E. Craig, and B. McCarthy. 1980. Genes for three heat-

shock-induced proteins at a single locus. Genetics 92:891-902. 




