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Rapid retrograde transport of proteins in sensory neurons in rats
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Twenty-four hours following the injection of N-succinimidyl{2,3-*H]propionate into rat sciatic nerve, labeled-protein appeared in
the ipsilateral dorsal root ganglia. Autoradiography showed that the labeled proteins were found only in neuronal cell bodies. Gel
electrophoresis showed a distinct pattern of rapidly retrogradely transported proteins were accumulating in the DRG cells. This is the
first demonstration of the rapid retrograde transport of endogenous axonal proteins in mammalian peripheral nerve.

In normal neuronal function, substances are trans-
ported within the axon both from the cell body to-
wards the nerve terminal in a process known as ante-
rograde axonal transport, as well as from the axon
back towards the cell body in a process known as ret-
rograde transport. The former serves to supply the
axon with the structural and functional macromole-
cules necessary for continued axonal function. The
latter consists both of endogenous neuronal constitu-
ents which were initially transported from the cell
body and which then ‘turnaround’ within the axons or
at the nerve terminal, as well as extrinsic macromole-
cules which are taken up at the nerve terminal and
subsequently transported back towards the cell
bodys.12,

We have developed N-succinimidyl[2,3-3H]pro-
pionate ([3H]NSP) to label endogenous axonal pro-
teins in order to study their subsequent bidirectional
translocation within the axon. Using that technique
we have been able to label rapid anterograde trans-
port from the hypothalamus to the pituitary in the
rat, slow anterograde transport within the sciatic
nerve of the rat and slow retrograde transport in rat
sciatic nerve®. However, we have previously been
unable to identify rapidly transported components
within the peripheral nerve moving either anterogra-
dely or retrogradely from the injection site, presum-

ably because of the relatively small amount of mate-
rial which is transported rapidly. Rapid retrograde:
transport is of particular interest because neuronal
reactions to axonal injury occur over a time-course
which suggests that a biochemical signal involved in
normal nerve homeostasis and in the response to in-
jury may move in rapid retrograde transport9 and
because of the recent demonstration that profound
alterations in rapid retrograde transport may be an
early alteration in toxic and metabolic neuropa-
thies11.13,

In the hypothalamic-pituitary system rapid trans-
port could be studied because the pituitary serves as a
convenient source of axonal terminals where the rap-
idly transported components accumulate. In the cur-
rent study we have used [H]NSP to identify the en-
dogenous axonal constituents of rapid retrograde
transport in the sensory neurons of the rat sciatic
nerve by studying the accumulation of labeled pro-
teins in the dorsal root ganglion (DRG) cells follow-
ing the intraneural injection of [3BH]NSP. '

All experiments were performed on male Sprague-—
Dawley rats, 200-275 g. The animals were anesthe-
tized with chloral hydrate and 1 -4l of saline con-
taining 100 4Ci of [SH]NSP was injected subepineu-
rially in the sciatic nerve as described previouslys. At
various times after injection the animals were killed
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by intracardiac perfusion with 0.1 M phosphate buf-
fer and the DRGs processed as described below.

For protein analysis the L4, LS and L6 DRGs from
each side were pooled, suspended in 50 x4l of 5 mM
Tris—-5 mM NaCl, pH 7.4, and sonicated. The sus-
pension was precipitated with 10% trichloroacetic
acid (TCA) and washed twice with acetone and twice
with ether. The pellet was resuspended in 50 ul of a
solution containing 5% sodium dodecy! sulfate
(SDS)-5% beta mercapto ethanol (BME)-9 M
urea—0.05 M Tris at pH 6.8, heated at 100 °C for 3
min and an aliquot taken for determination of radio-
activity. The sample was then run on a 5% to 18%
gradient polyacrylamide slab gel, using the buffer
system described by Laemmlil®, prepared for fluoro-
graphy with EnHance (New England Nuclear) and
exposed to Kodak XAR film at -70 °C, preflashed to
an OD of 0.1.
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For autoradiography the animal was perfused
through the heart with a 0.1 M phosphate buffer, pH
7.4, followed by 3% glutaraldehyde-0.5% para-
formaldehyde, and the DRGs removed. The tissue
was washed in phosphate buffer, postfixed in 2%
0Os0,, dehydrated in ethanol and embedded in a
Polybed-Araldite mixture. Semithin (1 xm) sections
were coated with Kodak D-19 and developed.

Autoradiography of the DRG at 24 h or 5 days af-
ter injection shows a dense accumulation of radioac-
tive grains in DRG neurons exclusively (Fig. 1). Sil-
ver grains are found only in the ipsilateral DRG (Fig.
1A, B, D), with no significant labeling of the contra-
lateral DRG (Fig. 1C). Virtually no grains are found
in the capsule of DRG. A few grains are seen in the
axons passing through the DRG.

The amount of TCA precipitable radioactivity
found in the ganglia was variable. However, in all an-

Fig. 1. Light microscopic autoradiography of DRGs 1 day (A, B, ipsilateral to injection; C, contralateral to injection) and 5 days (D,
ipsilateral to injection) following the intraneural injection of [FHINSP. A, x790, S5-week exposure; B, x840. 5-week exposure: C.
%700, 8-week exposure; D, x700, 12-week exposure.
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Fig. 2. Fluorograph of labeled proteins in ipsilateral DRGs 24 h
(a and b), 4 days (c) and 7 days (d) after intraneural injection of
[PHINSP. The molecular weight standards (arrowheads) are
92, 68, 45, 31 and 21 kdalton, a and b each contain the pooled
protein from two animals. Each lane is from an independent gel
run.

imals sacrificed 6 h to 7 days after [3H]NSP injection,
the ipsilateral DRG contained significantly more
TCA precipitable counts than the contralateral DRG
{n = 28). In 4 control animals, the nerve was crushed
between the injection site and the DRG just prior to
the injection of [PH]NSP. In none of these animals
was there significant radioactivity in the ipsilateral
DRG, and in two the contralateral DRG had more
counts than the ipsilateral DRG.

The SDS polyacrylamide gel -electrophoresis
(SDS-PAGE) analysis of labeled proteins in the dor-
sal root ganglia at 24 h, 4 days and 7 days after injec-
tion shows that most of the labeled bands are seen in
each of the time points (Fig. 2) and constitute a dis-
tinctive constellation of labeled proteins. Although
fluorography is not quantitative, it appears that the
relative amounts of some of the proteins may change
over time. A variable amount of labeled polypeptide
with a molecular weight of 68 kdalton appeared in
some but not all of the 24-h animals, but was never
present at later time points (cf. Fig. 2a, b). The rea-
son for this variation at the early time points is not
clear.

In this system the distance from the injection site to
the dorsal root ganglia ranged from 40 to 60 mm.
Therefore the transport rate of the labeled proteins
should be in excess of 40 mm/day, and the appear-
ance by 6 h of specific ipsilateral radioactivity sug-
gests that some components are being transported in
excess of 160 mm/day.

The pattern of proteins accumulating in the DRG
is different from those proteins which are transported
in the retrograde direction slowly (3-5 mm/day)
within the sciatic nerve’. It also is clearly distinct
from the pattern of slow anterograde transport in the
nerve demonstrated either with conventional pulse
labeling techniques or following the intraneural in-
jection of [3H|NSP. There are certain similarities in
the one-dimensional gel analysis between the pattern
of retrograde transport and the pattern seen in the
nerve anterograde from the injection site two days
after [SH]NSP injection, but whether the retrograde-
ly transported proteins represent the turnaround
transport of anterogradely transported labeled pro-
teins will require two-dimensional gel analysis. There
are also some similarities in the one-dimensional gel
analysis between the rapidly retrogradely trans-
ported proteins demonstrated in the DRG neurons
and those demonstrated to be retrogradely trans-
ported from the optic nerve to the retina of the gold-
fish1s.

Bisby has demonstrated the retrograde ‘turn-
around’ transport of axonal proteins which are label-
ed at the cell body and transported towards the termi-
nal by rapid anterograde transportl-?. More recently,
the retrograde transport of antibodies to- synaptic
membrane proteins in the hypoglossal and facial
nerves and the specific retrograde (but not antero-
grade) transport of antibodies to membrane glyco-
proteins in the rat central nervous system have been
demonstrated4!4. The [SH|NSP labeled retrogradely
transported proteins are another class of endogenous
axonal proteins which are transported back to.the cell
body at relatively rapid rates. Some of these proteins
may serve a role in normal neuronal function and in
signalling axonal injury.
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the excellent technical assistance of Julie Staple in
histology and autoradiography.
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