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High level stable expression of rat
brain type IIA sodium channel a-sub-
unit in CHO cells

Saumendra N. Sarkar and S. K. Sikdar

Molecular Biophysics Unit, Indhan Institute of Scaence, Bangalore 560 012,
India

The neuronal sodium channels are responsible for
the rising phase of action potential and are composed
of three subunits, of which the o-subunit has been
shown to be adequate for most of its functional
properties. Ve have stably expressed the rat brain
type IIA sodium channel a-subunit in CHO cell line
using a CMYV promoter-based vector. The expression
was confirmed by detecting a 6.5 kb RNA correspond-
ing to sodium channel «-subunit using Northern
hybridization. The cells stably expressing the o-sub-
unit, yvield isolated sodium currents of amplitudes
greater than 4 nA when studied in whole-cell con-
figuration of the patch-clamp technique. The sodium
currents are characterized by activation and inac-
tivation properties similar to neuronal sodium chan-
nels, and are blocked by the voltage gated sodium
channel blocker tetrodotoxin (TTX).

Tre mammalian rat brain sodioum channel is a hetero-
trimeric protein consisting of a 260 kDa o-subunit, a
36 kDa B,-subunit and 33 kDa {3,-subunit. The channel
mediates the transient inward sodium current in response
to a depolarizing voltage pulse under voltage-clamp
conditions and is responsible for the rising phase of the
action potential. Different cDNA clones coding for dif-
ferent subtypes of o-subunit (I, II, IIA and IlI) have
been isolated from rat brain'. Earlier work has shown
that the o-subunit of rat brain type IIA sodium channel
is adequate for its function when expressed in the
mammalian CHO cells®®. The expression and stable
integration of ¢cDNA encoding the rat brain type lIA
sodium channel o-subunit in CHO cells was done 1nitially
using a SV-49 promoter based construct’. Subsequently
a construct containing mouse metallothionein 1 (mMT1)
inducible promoter was used to get higher expression
levels®,

The present study reports the use of a construct
containing the CMV promoter to efficiently and stably
express the rat brain type IIA sodium channel a-subunit
in CHO cells. The advantage of using the CHO cell
line over CHO-K1, is undetectable levels of endogenous
sodium current and sodium channel specific mRNA 1n
CHO celis™™. On the other hand, CHO-K1 cells have
endogenous sodium channels in their plasma membrane
complicating the analysis of electrophysiological data.
The level of highly stable and constitutive expression
of sodium channel using CMV promoter reported here,
is comparable to expression levels achieved using a
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construct containing the inducible mouse metallothionein
1 (mMT1) promoter in CHO-K1 cells. This supports
the idea that CHO cells with their advantages can in
fact be used for high level expression of channel proteins
permitting detailed functional studies. Expression of
sodium channels was functionally studied using the
patch-clamp techniques"S.

Plasmid pVA2580 carrying the coding portion for the
rat brain type IIA sodium channel o-subunit®”® was a
gift from Prof. Alan L. Goldin, University of California,
Irvine, USA. The expression vector pCDMS8 (ref. 10)
used for the study was obtained from Invitrogen. Chinese
Hamster Ovary (CHO) cells were obtained from National
Facility for Animal Tissue and Cell Culture, Pune, India
and were grown in DMEM-F12 medium (Sigma) con-
taining 7-10% fetal calf serum in 25 cm® culture flasks
or 100 mm tissue culture dishes.

The expression plasmid pSNI0 (Figure 1 @) was con-
structed as follows: The plasmid pVA2580 was first
digested with Clal, ends filled in with Klenow and
subsequently digested with Sall. This gave a 6.5 kb
fragment carrying the coding region for rat brain type
ITIA sodium channel «o-subunit, with one sticky end
(Sall), and another blunt end. Similarly, pCDMS8 was
digested with Nol, end filled in with Klenow followed
by digestion with Xhol. This resulted in a 4 kb fragment
with ends compatible with the insert. The recombinant
(pSN10) obtained by ligating the above two fragments
was checked by restriction mapping for proper orientation
and integrity of the plasmid (Figure 1 b).

CHO cells were cotransfected with the plasmid pSN10
and pSV2neo (ref 11) at a molar ratio of 10:1, by
calcium-phosphate DNA precipitation method as original-
ly described by Graham and van der Eb'* with some
modifications . After 48 h, the cells were tested for
transient expression by recording isolated inward sodium
currents using patch-clamp technique, and subsequently
selected for stable expression in a medium containing
400 pg/ml (active) G418 (Sigma). The cells stably ex-
pressing sodium channel were maintained in the same
medium containing 300 ug/ml G418. During later stages
cells were maintained in the absence of G418 in the
medium, without significant loss of expression levels.

Total RNA from the cells stably expressing sodium
channel o-subunit (CNal8) and normal untransfected
CHO cells were isolated by acid-guanidium-thiocyanate-
phenol-chloroform  extraction method'®.  Northern-
hybridization was done as described in Sambrook et
al.” Briefly 30 g of total RNA was fractionated by
1% agarose—formaldehyde gel, transferred to Nyion
membrane (Hybond N+, Amersham) and fixed by UV
crosslinking. The blot was prehybridized in a
prehybridization solution containing 5X SSC, 50% for-
mamide, 50 mM Na-phosphate, 5X Denhardt’s solution
and 100 pg/ml of salmon sperm DNA at 42°C for 6 h.
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Figure 1. The construct pSNI1Q used to transfect CHO cells. a, The circular map of
pSN10. The hatched region is the cDNA encoding the rat brain type IIA sodium
channel a-subumt. The location of the CMV promoter, the splice signal and polyadenyla-
tion sites are shown by arrows. The direction of transcnption 1s shown by arrowhead.
Restriction sites are shown for three restnction enzymes as indicated. b, The restriction
pattern as obtamned from pSNIO. Lanes 1 & 6: A-Hindlll markers, Lane 2: uncut
plasrmd, Lane 3: pSNI1O digested with HindIll, Lane 4: pSNI10 digested with BamH],

Lane 5 pSNIQ digested with EcoRL

Radiolabelled probe was made by labelling the full
length sodium channel cDNA (Sall-Sall fragment of
pVA2580) with **P by random priming method and was
added to the prehybridization mixture at a specific
activity of 10’ cpm/ml and hybridized for 12h. The
blot was then washed thrice at room temperature in 2X
SSC, 0.1% SDS for 15 min, followed by three washes
with 1X SSC, 0.1% SDS at 65°C for 20 min. Following
a final rinse in 0.5X SSC, it was subjected to autoradiog-
raphy.

Patch-clamp recordings were done at room tempera-
ture, on CNal8 cells grown to about 60% confluency
in 35 mm tissue-culture dishes. Patch pipettes were pulled
from thin walled omega-dot capillaries (1.5 mm, Intracel).
The pipette solution composition was (in mM): 130
CsCl, 5 HEPES, 1 Ca(Cl,, 10 EGTA, pH 7.4; while the
bath solution contained (in mM) : 52 NaCl, 85 choline
chloride, 5 HEPES, 1 MgCl,, 1.5 CaCl,, 10 glucose, pH
7.4. A reduced concentration of sodium in the bath
solution was used to decrease the current levels to
minimize the access resistance problem'®. Tetrodotoxin
(TTX) (Sigma) was added to the bath solution from a
concentrated stock. Patch pipettes filled with pipette
solution had resistances of -2 M. Currents were
recorded by an EPC-7 Patch-Clamp Amplifier (List
Electronics, Germany), digitized through a CED140]
A/D, D/A converter (Cambridge Llectronics Design, UK)
and analysed in a PC-AT 286 computer. The data were
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filtered at 3 kHz using the amplifier’s built-in 3-pole
bessel filter. Data acquisition, design of voltage protocols,
leak subtraction and analysis were done using the WCP
software (J. Dempster, University of Strathclyde, UK).

Following 48 h of transfection of CHO cells with the
plasmids pSN10 and pSV2neo, the cells were tested for
transient expression by recording isolated inward sodium
currents using patch-clamp technique, and subsequently
selected for stable expression in a medium containing
400 pg/ml G418. After screening 12 individual G418
resistant colonies for sodium channel expression by
patch-clamp, 2 clones (CNal7 and CNal8) were found
to exhibit large sodium currents. CNal8 was used for
further study. During the course of expertmentation we
have found that the expression of sodium current is
very stable without much loss of expression for more
than 100 passages.

Total cellular RNA was isolated from CNal8 and
CHO cell line and analysed by Northern blot. Figure
2 shows the result of Northern blot analysis of total
RNA from the untransfected CHO cells and the CNal8
cells. The CNal8 cells express a 6.5hkb RNA cor-
responding to sodium channel o-subunit while the un-
transfected CHO cells do not. The full length ¢DNA
was used as probe (sce experimental section), and since
the eapression level was high, low molecular weight
degraded sodium channel inRNA alvo hghted up giving
a smear, but the smear starts fiom 6 S Kb position
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Figure 2. Nonthem hybondizanon of wtal cellular RNA from CHO
and CNal8 cells, vsing 6 5kb full-length sodium channel o-subumt
cDNA as probe with 24 h exposure. Lane 1: RNA from CHO cells,
Lane 2. RNA from CNal8 cells. Arrow head shows the position of
65 kb RNA

Membrane Potential {mYV)
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indicating intact sodium channel mRNAs’. No hybridiza-
tion was detected in untransfected CHO cells even upon
exposure for 100h. Our observations of undetectable
levels of sodium channel specific mRNA in the un-
transfected CHO cells therefore corroborate well with
the earlier report of Scheuer et al’.

The CNal8 cells were voltage clamped using the
whole-cell configuration of the patch-clamp technique.
Figure 3 a shows large inward sodium currents elicited
following depolarization of the membrane to potentials
shown from a holding potential of — 80 mV. The inward
currents at membrane potentials positive to —35 mV were
characterized by rapid activation following onset of the
depolarization pulse followed by inactivation which was
complete within 3 ms. The observations corroborate well
with the earlier findings of West et al’. Peak sodium
current amplitudes analysed under similar voltage clamp
conditions varied from 0.5 to 8.5nA with a mean of
4.1 nA (SD 2.7 nA, n=12).

The sodium channels thus expressed, were found to
be sensitive to the voltage-gated sodium channel blocker,
tetrodotoxin (TTX). Figure 4 shows an example of TTX
block of inward sodium current in the CNal8 cells
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Fipure 3. Whole cell sodium current from a CNal8 cell a, Whole cell sodium currents {bottom ftraces) elicited
by step depolanzatons (upper traces) from a holding potential of ~80 mV to -45, -35, 25, -15, -5, 5, 15, 25.
35, 45, 55, 65 mV. Four current teaces are marked to indicate the membrane potentials at which they were ehcited
&, Current voltage relationship of sodium current The peak sodium currents (1} elicited by 5 mV step depolanzations
to -50 to 65 mV from a holding potentnal of ~-80 mV (V). were plotted against the membrane potential (V). Each
trace 1n (a) and point v {b) 15 an avcrage of five records. The se.m bars about the mcan 1n (h) were smaller
than the symbol size. (@) and (b) were recordings fiom the same cell
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Figure 4. Tetrodotoxin (TTX) block of sodium currents from CNal8
cells. Averaged sodium current (n = 5) elicited by 70 mV depolanzation
step from a holding potential of -80 mV (trace a). Same sodium
current after 5 min exposure to 75 nM TTX (trace b).

when used at nanomolar concentrations (75 nM).
Scheuer et al.” previously reported expression of rat

brain type IIA sodium channel ¢-subunit in CHO cells
using the pECE vector containing SV40 promoter result-
ing 1 sodium currents whose characteristics mimicked
mammalian neuronal sodium channels. However, the
current amplitudes were low precluding detailed func-
tional studies. Subsequently, by using another vector
containing the mMT]1 promoter, a 30-fold increase in
expression levels was observed using CHO-K1 cells’.
The present findings reveal the use of a different ex-
pression system using pCDMS8 vector containing the
CMYV promoter for efficient and high level stable expression
of type IIA sodium channel O-subunit, comparable to the
levels of expression achieved by West ef al.’.

Analysis of isolated whole-cell currents revealed the
peak current amplitude occurring at —-10 to -5 mV
(n=12). The occurrence of complete inactivation within
3 ms, and pharmacological sensitivity to TTX suggests
similarity in physiological and pharmacological properties
of the expressed channels with the neuronal sodium
channels. Such properties indicate that the channel
proteins are synthesized, processed completely to mature
size and inserted appropriately in the membrane to
confer functional activity in the absence of B, and J,
subunits, and are reminiscent of native neuronal volt-

age-gated sodium channels.
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Light intensity and the seasonal
testicular cycle in a male wild bird,
Spotted munia

Anand Kar and Malabika Sikdar

School of Life Sciences, Devi Ahilya University, Vigyan Bhavan,
Indore 452001, India

Different light intensity levels (0.11, 0.48, 0.96 and
1.86 mW/cm®) of constant white light did not affect
annual gonadal cyclicity of a male wild bird, Spotted
munia; under high intensity (0.96 and 1.86 mW/cm?)
gonads were not fully developed indicating their in-
hibitory nature. But the low light intensity (0.11

mW/cm’) accelerated the testicular function.

Or all the environmental factors regulating avian
reproduction, light is known to be the most important
one. Although a good deal of literature is available on
the effects of light in the reproduction of birds'™, almost
all are based on effects of duration of light exposure.
Whatever little information is available on the influence
of light intensity is restricted to poultry birds®. There
has not been any systematic study on wild birds so far.
The present investigation was therefore undertaken to
reveal the importance of light intensity, 1f any, in the
seasonal reproduction of a wild bird, Spotted munia,
Lonchura punctulata.

In the first week of March 1992, adult Spotted munia
were procured from a local bird supplier and were
acclimatized to the laboratory conditions for 14 days.
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The birds were then sexed by laparotomy and only
healthy males were used in the experiment. Five groups
of nine each were established in separate wirenet cages
(20 x 16 X 14 1nches). Buds of the groups 1, 2, 3 and
4 were exposed to continuous illumination of white
incandescent licht at 0.11, 0.48, 0.96 and 1.86 mW/cm®
levels respectively. The light intensity for each group
was measured by a radiometer (Int. Light Inc., USA).
The birds of Group 5 received normal daylight (NDL)
and served as controls. All these birds were exposed
to ambient humidity and temperature. Food and water
were provided ad libitum. The study was terminated
1m January 1993, once it covered the entire reproduc-
tive cycle. Every month laparotomy was performed
and the left testis of each bird was measured in
situ. Finally the gonadal volume was recorded (cal-
culated from the size of the long and short axes
of the testus).

Data were subjected to analysis of variance (ANOVA)
and where appropriate Student’s ¢ test was applied for
further comparison of the means.

Annual gonadal cycle was observed in all four expe-
rimental groups irrespective of their treatments (Figure
1). ANOVA analysis, however, indicated significant dif-
ferences between the different groups in November and
December 1992. While an apparent increase in testicular
volume was observed in the birds treated with lowest
(0.11 mW/cm®) intensity of light, in most of the months,
it decreased both in 0.96 and 1.86 mW/cm® treated
groups, significantly in November 1992 (P < 0.01 for
both 0.96 and 1.86 mW/cm® groups compared to the
NDL control value). Compared to the lowest intensity
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group also, in these birds testicular volume was sig-
nificantly less (P < 0035 both for 0.96 and 1.86 mW/cm?
groups). However, no significant difference was noted
between the values of NDL group and 0.48 mW/cm?
intensity group in any of the months.

Although gonadal cyclicity was not affected in any
of the experimental groups and none of the light intensity
levels could prevent testicular regression, in higher in-
tensity the testes were not fully developed as seen in
NDL birds. While in 0.48 mW/cm?, no significant dif-
ference was found between the testicular volume of
different groups of birds in any of the months studied,
in 0.11 mW/cm’, it was rather more in most of the
months compared to the NDL values. Similar observa-
tions have also been made in a poultry bird, turkey
hen’, where high intensity was of no advantage on its
reproductive performance.

In Spotted munia, gonadal development starts with
the onset of monsoon in Indore (22.4° N, 78.54° E).
However, our recent finding rules out the involvement
of humidity as a proximate factor in the testicular
function of this bird". The effects of different
photoperiods on its reproduction have also been studied
earlier' " ''. These reports indicated no significant change
In testicular cycle following exposure to different light
hours. However, the importance of light intensity was
not studied, despite the fact that in Spotted munia
maximum development of testes occurs in November
(winter time in Indore), when natural light intensity is
relatively low. Our present finding indicates that low

light intensity is favourable for the testicular function
of Spotted munia.
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Figure 1. Testicular cycle nzf Spotted muma, exposcd to continuous white incandescent hght of 011,
048, 096 and 186 mW/cm” intensity or to natural day light (NDL). Vertical lines indicate the

standard errors of the means (n = 9),

200

CURRENT SCIENCE, VOL. 67, NO. 3, 10 AUGUST 1994



RESEARCH COMMUNICATIONS

1. Famer, D S and Follet, B K, J Amm. St Suppl, 1966, 25, 98-118

2. Thaphyal, 1. P., Pavo, 1978, 16, 151-161,

3 Chandola, A, Saklani, M, Bisht, M. and Bhatt, D, Adaptation
to Terrestrial Environments (eds Margans, N, S, Faragitaki, M,
and Reiter, R. J.), Plenum Press, New York, 1985, pp. 145-164.

4. Wada, M, Endocrine Correlates of Reproduction (ed. Ochiai, K )
JSSP, Spnnger Verlag, Berlin, 1984, pp. 111-11(3

5 Cherms, F. L., Stoller, M G., MacKiaith, J, J. and Hallocan, H.
R, Poult Sct., 1976, 55, 1678-1690

6. El Halawani, M E., Waibel, P. E. and Noll, S. L., Poult Sct,
1981, 60, 1664 {(Abstr),

7. Hulet, R. M. and Broody, T. B., Poulr. Sci., 1985, 64 (Suppl 1),
118 {Abst1)

8 Stopes, T. D, Poult. Sci., 1992, 71, 939-944

9. Sikdar, M., Kar, A and Prakash P, J. Exp Zool, 1992, 264, 8284

10 Chandola, A, Pavnaskar, J and Thapliyal, J P., J. Interd sCIp.
Cycle Res., 1992, 264 22-84.

11 Chandola, A. Pavnaskar, J. and Thaphyal, J. P., J. Interdiscip.
Cycle Res, 1976, 7, 95-100.

X

ACKNOWLEDGEMENT. We thank CSIR, New Delhi for financial
SUpPPpOT!.

Received 16 March 1994, revised accepted 17 May 1994

Concentration of proteins in the midgut
epithelium of sixth instar larvae, pupae
and adult of Spodoptera mauritia Bois-
duval (Lepidoptera: Noctuidae)

Shikha Nair and U. V. K. Mohamed
Department of Zoology, Umversity of Calicut, Calicut 673 635, India

The protein content increased in the sixth instar
larvae from 24 h to 120 h (prepupa), this was the
highest Ievel observed which later declined to a min-
imum in the adult. The midgut tissue as a storage
site for proteins has been reported.

PROTEINS stored in tissues like haemolymph and fat body
are subsequently utilized for adult growth and develop-
ment"*, Midgut is the synthetic site for haemolymph
proteins in insects’. Changes in protein level of gut
tissue during development have been studied as this has
not been attempted so far.

The sixth instar larvae were separated immediately
after moulting from the colony reared 1n the laboratory.
The midgut was dissected out in an ice-cold ringer and the
gut contents were removed. Protein in the tissue homogenate
was precipitated with 80% aqucous ethanol. The precipitate
was then successively extracted with ethanol—chloroform,
ethanol ether and ether at room temperature and with 0.5
N perchloric acid at 90°C for 15 min. The final residue left
on hot acid extraction was dissolved in 0.5 N sodium
hydroxide and estimated for protein®.

The results of estimauon for proteins in the different
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Table 1. Protein content of mdgut

kg/mg

Insect stages fiesh tissue

pg/gut

24 h larva 8396+017 22957+ 12 87
48 h larva 1257+0 12 295.00+12 71
72 h larva 133310 14 34027 £ 31 82
120 h larva

(pre-pupa) 5368+3 02 521 8 £22 63
Pupa (0 day) 41 11 £1 69 411 09 £ 16.86
Pharate aduit 1727 +0 15 7388 +4.34
Adult 806 +0 22 46,29 + 10 00

Five samples each were used 1n the estimations and the
results are the mean of the five determinations with standard
deviations.

stages are given in Table 1. The concentration of proteins
in the midgut epithelium increased from 24 h to 120 h
larva. But it declined sharply at the time of transformation
of pupa to adult. Changes observed in the protein content
of midgut tissue during the period of development of
6th instar larva of S. mauritia indicate that midgut tissue
acts as a storage organ for proteins during its late larval
and early pupal stages.

The midgut forms the major part of the gut which
1S a prominent organ in the larva of lepidopterous
insects. It undergoes considerable reduction in size during
larval-pupal transformation. In silkworm, when the larva
stops eating before cocoon spinning, silk synthesis is
maintained at the cost of other tissues, mainly the gut
and the integument’. Protein from the gut of Neodiprion
sertifer provides necessary materials for the development
of its adult tissues®. In Malacosoma and Rothschildia,
fat body 1s not the only site for protein uptake. The
transfer of blood proteins into midgut, heart muscle, ac-
cessory gland, ovary and testis occurs at various stages’.

In S. mauritia the level of proteins in the midgut
wall gradually shoots up during larval period when the
larva 1s feeding actively. It has therefore been suggested
that the protein synthesized during the larval period is
stored in the midgut tissue in the prepupal stage. The
fall in the level of protetns in the gut of late pupa and
adults of S. mauritia points to the utilization of these
stored proteins during metamorphosis.
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