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Acid hydrolase activity during ecdysis and in cast-off cuticle of P.ricini
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Molting stages During ecdysis; total activity/insect

After larval-larval ecdysis; total

Cast off cuticle; total activity/cuticle

activity/insect
a b c a c a b c
LM, 2.75 77.10 3.55 1.78 41.87 0.74 0.94 34.38 2.00
LM; 8.85 338.56 14.94 6.14 228.17 3.30 3.00 101.66 8.33
LM, 47.27 1686.17 52.96 13.81 1468.24 12.25 31.00 181.50 41.00

LM, Larval-larval molt; a acid phosphates activity (pmoles phosphorus

¢ B-glucuronidase activity (ug phenolthalein liberated/h).

lysate is then digested in multivesicular bodies and lysosomes
and released into the cytosol'®. At the time of resorption of
molting fluid, appreciable amounts of pigment and products of
the cuticular hydrolysate originating from the larval endocuti-
cle and epidermis (but now present in molting fluid) are trans-
ferred across the integumentary epithelium and after passing
through the hemolymph are taken up through the midgut epi-
thelium into the closed lumen of the midgut'. In anurans, a
definite mechanism for the excretion of lysosomal enzymes
during metamorphosis is known®. An anuran tadpole, how-
ever, is an open system in the sense that it can take in the
nutrients and other things it requires from its environment,
and can excrete the waste products into it. An insect larva in
molt, on the other hand, is a closed system. It has to meet its
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released/60 min); b acid protease activity (ug tyrosine liberated/3 h);

nutritional and other demands within the body and the unde-
sirable excretory products formed are also retained within it
because of its inability to dispose of them immediately.

The present study reveals that in P.ricini the disposal of acid
hydrolases is achieved via the cuticle once their function is
completed, the modus operandi being different from that in
the anuran vertebrates. These observations also suggest that
during larval ecdysis the acid hydrolases are probably localized
in the molting fluid present between the old and new cuticular
layers. However, the lysosomal localization of acid hydrolases
has yet to be established. These enzymes probably participate
in degradation and digestion of old cuticle. Since they cannot
be transported to the hemolymph, they are excreted through
the cast-off cuticle.
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Summary. Adult chicken brain DNA is subject to a developmental alteration of methylation at Hpall sites flanking 4, 1, 0.8 and
0.7 kilobase sequences. This change is not evident in adult chicken liver DNA and 1-day-old chick brain and liver DNAs,
suggesting tissue specificity and age-dependency in DNA methylation.

5-Methyleytosine is the only minor base found in all eukaryo-
tic DNAs so far investigated'™. Although the biological signifi-
cance of this modification is currently unknown, it has been
suggested that methylation may be involved in gene expres-
sion, cell differentiation and development®”’. It is therefore of
interest to compare the degree of DNA methylation in differ-
ent tissues. This paper describes the analysis of DNA methyl-
ation in chicken brain and liver by using high-pressure liquid
chromatography (HPLC) and restriction endonucleases.

Materials and methods. The brain and liver tissues were obtain-
ed from 6-month-old White Leghorn female chickens (Gallus
gallus var. domesticus) and 1-day-old chicks killed under chlo-

roform anesthesia. To isolate liver tissue depleted of blood,
liver perfusion was performed with Hanks’ balanced salt solu-
tion. The tissues were homogenized and lysed in a solution
containing 8M urea, 1% sodium dodecyl sulfate (SDS), 1mM
disodium ethylenedi-aminetetraacetate (Na,EDTA), 1 M so-
dium perchlorate and 0.24 M phosphate buffer, pH 6.8. After
extraction with a mixture of chloroform and isoamyl alcohol
(24:1, v/v), the DNA from these tissues was isolated by the
hydroxyapatite batch elution technique®. The absorbance at
260 and 280 nm was measured to assess DNA concentration
and purity. The ratio of A, /A, was between 1.8 and 2.0.

Chick and chicken DNAs digested with enzymes which recog-
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Figure 1. Electrophoretic patterns of [-day-old chick DNA digested with restriction endonucleases. Track A: uncut chick brain DNA (no enzyme};
tracks B and C: chick brain DNA digested with Hpall and Mspl, respectively; track D: chick brain and phage lambda DNAs digested with Hpall,
track E: chick brain and phage lambda DNAs digested with Msp!; track F: uncut chick liver DNA (no enzyme); tracks G and H: chick liver DNA
digested with Hpall and with Mspl, respectively; track I: chick liver and phage lambda DNAs digested with Hpall; track J: chick liver and phage
lambda DNAs digested with Mspl; tracks K and L: phage lambda DNA digested with Hpall and with Mspl, respectively; track M: uncut phage
lambda DNA (no cnzyme); track N: phage lambda DNA digested with Hind III.

Figure 2. Electrophoretic patterns of adult chicken
DNA digested with restriction endonucleases. Track A:
uncut chicken brain DNA (no enzyme); tracks B and C:
chicken brain DNA digested with Hpall and with
Mspl, respectively; track ID: chicken brain and phage
fambda DNAs digested with Hpall; track E: chicken
brain and phage lambda DNAs digested with Mspl;
track F: uncut chicken liver DNA (no cnzyme); tracks
G and I: chicken liver DNA digested with Hpall and
with Mspl, respectively; track 1@ chicken liver and
phage lambda DNAs digested with Hpall; track J:
chicken liver and phage lambda DNAs digested with
Mspl: track K: phage lambda DNA digested with Hind
HI.

nizc a scquence containing a CpG doublet were resolved by
agarosc gel clectrophoresis. Restriction endonucicases Mspl,
Hpall and Hind 11T were obtained from New England Bio-
Labs (Beverly, MA). About 2 to 3 pg of DNA was digested
with 10 units of the restriction endonucleases in 20 pl reaction
mixture at 37°C for 60 min according to the conditions recom-
mended by the supplicr. The reaction was stopped by adding 5
ul of tracking dye solution consisting of 0.07% bromophenol
blue, 7% SDS and 33% glyccrol in water. Twenty pl samples
of the reaction mixtures were subjected to 1.4% Scakem ME
agarose (FMC Co., Rockland, ME) slab gel clectrophoresis
with a vertical gel electrophoresis apparatus at 100 V for about
3 h until the dye marker reached the bottom of the gel in Tris-
borate buffer, pH 8.2, consisting ol 89 mM Tris, 2.5 mM Na,
EDTA and 89 mM boric acid’. After staining for 15 min with
0.4 pg of cthidium bromide per ml of water, gels were visual-
ized with shortwave ultraviolet light on a Chromato-Vue trans-
illuminator model C-61 (Ultra-Violet Products, San Gabriel,
CA). Photographs were taken with Polaroid type 665 films,
using a Polaroid MP-3 land camera with a Kodak 23A Wrat-
ten gelatin filter (Eastman Kodak Co., Rochester, NY).

To detect small amounts of S-methylcytosine, we scparated the
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nucleic acid bases by HPLC, monitoring clution by absorbance
at 280 nm, where 5-methylcytosine absorbs maximally. A Sho-
dex HCI125 (Showa-Denko Co., Tokyo) column (500 x 2 mm)
was packed and cquilibrated with mobile phase, 50 mM am-
monium formate buffer, pH 2.5. The 5 bases, adenine, cyto-
sine, guanine, 5-methylcytosine, and thymine which were from
Sigma Chemical Co. (St. Louis, MQ), were dissolved in 0.1 N
HCI. Aliquots of this mixturc were chromatographed as refer-
ence. About 10 ul of a Img/ml DNA solution was suspended
in 150 ul of 88 % formic acid, sealed in vials, and hydrolyzed at
150°C for 1 h. The hydrolysate was evaporated to dryness un-
der a stream of nitrogen gas, then resuspended in 20 pl of 0.1
N HCI as described by Singer et al.'®. The hydrolyzed bases
were analyzed by HPLC. About 20 pl of sample was applied to
the cation exchanger column, and eluted in 50 mM ammonium
formate buffer, pH 2.5. The column was run at ambient tem-
perature (22-25°C) at a pressure of 50 kg/em? (flow rate, 10
ml/h), by use of a Constametric I1G pump (Milton Roy Co.,
Rivicra Beach, FL). The bases were detected by their absor-
bance at 280 nm measured with a Spectromonitor I1 (Atto Co.,
Tokyo). The time of analysis for 5 bases was about 70 min at a
flow rate of 10 ml/h under the conditions used.
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Results and discussion. Hpall and its isoschizomer, Mspl, rec-
ognize the tetranucleotide sequence 5-CCGG-3’ (C, cytosing;
G, guanine) in DNA. Hpall can cleave this sequence when the
external cytosine is methylated, but does not cleave when the
internal one is modified. Mspl on the other hand is able to
cleave this sequence when the second cytosine is methylated,
but cannot cleave when the first one is methylated!!.

Phage lambda cI857 Sam7 DNA obtained from Bethesda Re-
search Laboratories (Gaithersburg, MD) served as a control of
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Figure 3. Chromatogram of nucleic acid bases from the brain DNA
hydrolysate of 1-day-old chick. Column: Shodex HC-125; eluent: 50
mM ammonium formate, pH 2.5; flow rate: 10 ml/h; pressure: 50 kg/
cm?; detector: ultraviolet, 280 nm.
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Figure 4. Chromatogram of nucleic acid bases from the brain DNA
hydrolysate of adult chicken. Conditions are the same as figure 3.

Experientia 40 (1984), Birkhduser Verlag, CH-4010 Basel/Switzerland

specific enzyme activity, and its HindIII-fragments were used
as a molecular mass reference. When the phage lambda DNA
was added to reaction mixtuyres as an internal control, it was
demonstrated that digestion by Hpall and MspI was not being
restricted by an inhibitor copurified with DNA.

DNA from 1-day-old and adult animals were both extremely
resistant to Hpall compared to Mspl irrespective of whether
brain or liver was examined (figs.1 and-2). This diminished
cleavage by Hpall relative to Mspl is evidence of methylation
at the inner cytosine residue in this sequence. Although an
Mspl site would be expected to occur in every 529 nucleotide
pairs on the basis of the formula of Nei and Li'? by assuming
that the chicken genome has a G-plus-C content of 41.7
mol %", a discrete band of about 4 kilobase was seen in MspI
cleavage patterns of chicken brain DNA only. Shorter frag-
ments, 1, 0.8 and 0.7 kilobase were also seen in lanes C and E
of figure 2. These findings suggest the reiterative presence of
unmethylated sequences both termini of which are flanked by
methylated Hpall sites in the chicken brain DNA, supporting
the non-random distribution of methylated cytosine in genes'.
For further characterization of these sequences, the 4 kilobase
fragment and also the other fragments are now being investiga-
ted by molecular cloning. The data obtained here also demon-
strate the tissue-specific and age-dependent patterns in DNA
methylation, which were not evident in mouse brain and liver
DNAsY.

Figures 3 and 4 present typical chromatograms of the samples
of formic acid-hydrolyzed DNAs isolated from brains of chick
and of chicken, respectively. Cytosine, thymine, 5-methylcyto-
sine, guanine, and adenine were eluted in that order. The HC-
125 cation exchanger HPLC provided excellent resolution of
these bases. It is evident that the total amount of 5-methylcyto-
sine is quite similar in both brain tissues examined. The chro-
matograms of the liver DNAs were almost the same as those
of the brain DNAs. It could be concluded that chicken brain
DNA is subject to a developmental alteration of DNA methyl-
ation at the Mspl sites because the chicken brain DNA dig-
ested with Mspl generated discrete bands which were not evi-
dent in adult chicken liver DNA and 1-day-old chick DNA.
The data suggest tissue specificity and age dependency in DNA
methylation.

* Present address: Miyazaki University, School of Veterinary Medi-
cine, Miyazaki 880, Japan.
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