
Postsynaptic Regulation of Long-Term Facilitation in Aplysia

Diancai Cai1, Shanping Chen1, and David L. Glanzman1,2,3
1Department of Physiological Science, UCLA College, University of California, Los Angeles, Los
Angeles, California 90095-1606, USA
2Department of Neurobiology, David Geffen School of Medicine at UCLA, University of California,
Los Angeles, Los Angeles, California 90095-1761, USA
3Brain Research Institute, David Geffen School of Medicine at UCLA, University of California, Los
Angeles, Los Angeles, California 90095-1761, USA

Summary
Repeated exposure to serotonin (5-HT), an endogenous neurotransmitter that mediates behavioral
sensitization in Aplysia [1–3], induces long-term facilitation (LTF) of the Aplysia sensorimotor
synapse [4]. LTF, a prominent form of invertebrate synaptic plasticity, is believed to play a major
role in long-term learning in Aplysia [5]. Until now, LTF has been thought to be due predominantly
to cellular processes activated by 5-HT within the presynaptic sensory neuron [6]. Recent work
indicates that LTF depends on the increased expression and release of a sensory neuron-specific
neuropeptide, sensorin [7]. Sensorin released during LTF appears to bind to autoreceptors on the
sensory neuron, thereby activating critical presynaptic signals, including mitogen-activated protein
kinase (MAPK) [8,9]. Here, we show that LTF depends on elevated postsynaptic Ca2+ and
postsynaptic protein synthesis. Furthermore, we find that the increased expression of presynaptic
sensorin due to 5-HT stimulation requires elevation of postsynaptic intracellular Ca2+. Our results
represent perhaps the strongest evidence to date that the increased expression of a specific presynaptic
neuropeptide during LTF is regulated by retrograde signals.

Results
LTF of the In Vitro Sensorimotor Synapse Requires Elevated Postsynaptic Ca2+

Previous investigations have shown that both associative facilitation [10–12] and intermediate-
term facilitation (ITF) [13] of the Aplysia sensorimotor synapse depend on elevated
postsynaptic Ca2+. In the case of ITF, the elevated intracellular Ca2+ is due to release from
intracellular stores [13]. To test whether LTF due to repeated applications of 5-HT, which lasts
for ≥ 24 h [4] also depends on a rise in intracellular Ca2+ in the motor neuron, we injected the
rapid Ca2+ chelator 1,2-bis-(o-aminophenoxy)-ethane-N,N,N',N'-tetraacetic acid, (BAPTA,
200 mM in the injection solution; see Experimental Procedures in the Supplemental Data
available online) into the postsynaptic motor neuron 30–60 min before the start of 5-HT
treatment (Figure 1A). (Note that the concentrations given for all injected compounds represent
final concentrations in the injection pipette.) 1 h before the 5-HT or Control treatment, the
strength of each synaptic connection was tested by evoking a single action potential in the
sensory neuron and recording the excitatory postsynaptic potential (EPSP) in the motor neuron
(the Pretest; Figures 1A’ and 1A“). There were no significant group differences in the mean
amplitudes of the Pretest EPSPs in any of the experiments reported here (see Results in the

Corresponding Author: David L. Glanzman, Ph.D., Gonda (Goldschmied) Neuroscience and Genetics Research Center, 695 Charles
E. Young Drive South, Box 951761, UCLA, Los Angeles, CA 90095-1761, Phone: (310) 206-9972, Fax: (310) 267-0306, Email: E-
mail: dglanzman@physci.ucla.edu.

NIH Public Access
Author Manuscript
Curr Biol. Author manuscript; available in PMC 2009 July 15.

Published in final edited form as:
Curr Biol. 2008 June 24; 18(12): 920–925. doi:10.1016/j.cub.2008.05.038.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplemental Data). The 5-HT treatment consisted of five 5-min pulses of 5-HT (5–20 µM)
with a 20-min interpulse interval; after each pulse the drug was washed out of the cell culture
dish for 15 min with normal perfusion medium (Figure 1A“ and Experimental Procedures in
the Supplemental Data). The 5-HT treatment produced significant LTF of synapses in which
BAPTA was not present postsynaptically compared to Control synapses that received neither
5-HT nor postsynaptic BAPTA (Figures 1B and 1C). By contrast, synapses in which BAPTA
was injected into the motor neuron prior to 5-HT treatment did not exhibit LTF. Postsynaptic
injection of BAPTA by itself did not cause a significant long-term change in the strength of
the sensorimotor synaptic connections.

Inhibition of Postsynaptic Protein Synthesis Blocks LTF
Long-term facilitation differs from short-term facilitation (STF) of the sensorimotor synapse
in its requirement for both new protein synthesis and gene transcription [4,14]. It is generally
agreed that LTF requires presynaptic protein synthesis [15,16]. By contrast, the current status
of the requirement for postsynaptic protein synthesis in LTF is murky [14,15,17]. Recently,
we have found that local postsynaptic protein synthesis is critical for ITF [18]. This finding,
together with the data from our BAPTA experiments (Figure 1), led us to reexamine the
question of whether postsynaptic protein synthesis plays a role in LTF. Accordingly, we
injected a cell membrane-impermeant protein synthesis inhibitor, the cap analog m7GpppG
(2.5 mM in the injection solution) [19], into the motor neuron of sensorimotor cocultures prior
to 5-HT treatment. The cap analog competes with endogenous capped mRNA for the initiation
factor eIF4E. Binding of eIF4E to mRNA facilitates initiation of translation; excess cap analog
interferes with this binding, and thereby disrupts protein synthesis [20]. When the cap analog
was not present in the motor neuron the 5-HT treatment produced significant LTF of the
synapses compared to synapses given the Control treatment (Figure 2A and 2B). However,
postsynaptic injection of the cap analog prior to 5-HT application blocked LTF. There was no
long-term effect on the in vitro synaptic connections of postsynaptic injection of the cap analog
by itself.

To ensure that the disruptive effect of the cap analog on LTF was not due to some nonspecific
action of the drug, we performed additional experiments using a second cell membrane-
impermeant protein synthesis inhibitor, gelonin. Gelonin, a plant-derived ribosome-
inactivating glycoprotein [21], has previously been used in studies of synaptic plasticity in
Aplysia for cell-specific inhibition of protein synthesis [14,15,17]. Repeated application of 5-
HT produced LTF of the in vitro synapse (Figures 2C and 2D), and this effect was blocked by
the postsynaptic injection of gelonin (10–25 mM in injection buffer) 1 h before the start of 5-
HT treatment.

Postsynaptic Ca2+ Regulates the Rapid Increase in Sensorin Expression Induced by
Repeated Applications of 5-HT

The sensory neuron-specific neuropeptide, sensorin [7], makes a critical contribution to LTF
[8]. Repeated application of 5-HT to sensorimotor cocultures causes the rapid release of
sensorin from presynaptic terminals [8], as well as a rapid increase in sensorin expression,
particularly at presynaptic varicosities [9,22]. Release of sensorin is necessary for LTF:
application of an antibody to sensorin blocks 5-HT-dependent LTF in sensorimotor cocultures
[8]. One possibility is that 5-HT acts presynaptically to alter the secretion and expression of
sensorin. However, the present demonstration that LTF depends on both elevated postsynaptic
Ca2+ and postsynaptic protein synthesis suggests an alternative scheme: that 5-HT’s effects on
sensorin originate from postsynaptic, not presynaptic, actions of the facilitatory monoamine.
According to this idea, repeated applications of 5-HT produce prolonged activation of
postsynaptic G protein-coupled receptors, which leads to a significant release of Ca2+ from
intracellular stores [13]; the rapid increase in postsynaptic intracellular Ca2+, in turn, activates
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a retrograde signal that triggers the release and increased expression of sensorin. To test
whether changes in presynaptic sensorin are regulated postsynaptically during LTF, we
examined whether chelating postsynaptic intracellular Ca2+ disrupts the 5-HT-induced
increase in sensorin expression. Sensorin was stained in sensory neurons with a specific
sensorin antibody [9]. We quantified changes in sensorin expression using fluorescence
immunohistochemistry (Experimental Procedures and Figure S1 in the Supplemental Data).
BAPTA (200 mM) was injected into the motor neuron of some cocultures 30–60 min before
the start of 5-HT treatment. As previously reported [9,22], five spaced applications of 5-HT
produced increased expression of sensorin in sensory processes and varicosities, as indicated
by enhanced sensorin immunostaining in 5-HT-treated cocultures compared to Controls
(Figure 3). Prior injection of BAPTA into the motor neuron blocked the 5-HT-dependent
increase in sensorin immunostaining. Postsynaptic BAPTA alone failed to alter sensorin
immunostaining.

Discussion
The present results demonstrate that LTF of the Aplysia sensorimotor synapse due to five
spaced applications of 5-HT [4] depends crucially on postsynaptic processes, including
elevated postsynaptic Ca2+ and postsynaptic protein synthesis. Although prior studies have
implicated contributions from the postsynaptic target neuron to this form of LTF [23,24], the
present study unambiguously identifies some of the postsynaptic processes required.
Moreover, we have shown that a specific presynaptic change required for LTF—increased
expression of the sensory neuron-specific neuropeptide sensorin [9]—is regulated, at least in
part, by postsynaptic Ca2+.

LTF and the Requirement for Postsynaptic Protein Synthesis: Discrepancy with Earlier
Studies

Our finding that inhibiting protein synthesis in the postsynaptic motor neuron blocks LTF
contrasts with those of previous studies [14,15,17]. What is the reason for this discrepancy?
There are significant methodological differences among the studies that might account for the
different findings. For example, some of the studies were performed on synapses in central
ganglia [14,17], whereas others were performed on synapses in cell culture ([15] and the present
study). The studies also differed substantially in the method of 5-HT treatment: in some cases
the 5-HT application was restricted to sites of sensorimotor contact [15], whereas whole ganglia
were treated with the drug in others [14,17]. (Note that our study used the original method of
Montarolo et al. [4] in which 5-HT was bath-applied to sensorimotor cocultures.) One major
potential source of variance is the type of postsynaptic target neuron used in the studies. We
used the identified small siphon (LFS)-type motor neurons [25] as the postsynaptic neurons in
our cocultures. By contrast, Trudeau and Castellucci [14], as well as Martin et al. [15], used
the large gill and mantle motor neuron L7 [26] as the target in their cocultures. Why might the
type of postsynaptic neuron matter? There is a striking physical difference between LFS and
L7 neurons: the diameter of L7 neurons (~100–400 µM) is approximately an order of
magnitude greater than that of the LFS neurons (20–50 µM in our cell cultures). This implies
that a far greater quantity (> 100 times the amount) of a cell membrane-impermeant protein
synthesis inhibitor, such as gelonin, must be introduced into an L7 cell than into an LFS cell
in order to produce equal impairment of protein synthesis. The large size of the L7 soma
becomes even more problematic if, as other evidence suggests [18,27] (see also [28]), the site
for the synthesis of critical postsynaptic proteins required for LTF induction is the neurites of
the motor neuron, rather than its cell body. We therefore believe that the likely reason for the
failure of Trudeau and Castellucci [14] and of Martin et al. [15] to observe a disruption of LTF
due to somal injections of gelonin into L7 is that the injections failed to impair 5-HT-induced
protein synthesis at critical postsynaptic sites. It is unclear, however, whether this explanation
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can account for the failure of postsynaptic gelonin to disrupt LTF due to repeated, spaced
applications of 5-HT in Sherff and Carew’s study [17]. (See Discussion in the Supplemental
Data.) Thus, although the present study unambiguously demonstrates a requirement for
postsynaptic protein synthesis in the most studied form of LTF [4], it remains to be determined
whether or not all forms of LTF depend on postsynaptic protein synthesis (also see [29]).

LTF of the Sensorimotor Synapse Requires Retrograde Signaling
A surprising result from the present study is that presynaptic sensorin expression is regulated
by postsynaptic Ca2+. This implies that the increased sensorin expression required for LTF is
stimulated by one or more retrograde signals. Prior work has indicated that the enhanced
expression and secretion of sensorin triggered by repeated application of 5-HT is due to
activation of two signaling pathways within the sensory neuron, those involving PI3K and type
II PKA [8,9]. Likely targets for the retrograde signal(s), therefore, are presynaptic PI3K and
PKA. Because we do not yet know the identity of the putative retrograde signal(s) involved in
LTF, however, it is unclear how presynaptic PI3K and PKA are activated during LTF.
Previously, it has been thought that the presynaptic kinases are activated by the binding of 5-
HT to a G protein-coupled receptor in the presynaptic cell membrane [6,8,9]. Although direct
actions of 5-HT on the sensory neuron may contribute to LTF, the present results show that
such actions are not sufficient for LTF. An important question therefore is whether 5-HT acting
on the presynaptic neuron has any mechanistic role in LTF. Recent evidence from experiments
on isolated sensory neurons suggests that activation of presynaptic 5-HT receptors produces
only short-term changes in the sensory neuron; elevated postsynaptic Ca2+ appears necessary
for all persistent plastic changes in the sensorimotor synapse, including ITF and LTF [30]. We
propose that LTF of the sensorimotor synapse is induced postsynaptically via an increase in
intracellular Ca2+, and then expressed by both pre- and postsynaptic long-term changes. Among
these changes are an increase in the number of presynaptic varicosities [23,31], and a functional
increase in the efficacy of postsynaptic α-amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid (AMPA)-type receptors [14,32], possibly due to insertion of additional receptors into the
postsynaptic membrane (Figure 4).

The model presented in Figure 4 has features in common with a recent scheme proposed for
mossy fiber long-term potentiation (LTP) in the CA3 region of the mammalian hippocampus.
This form of LTP, which is independent of N-methyl-D-aspartate (NMDA) receptor activation
[33], appears to be induced postsynaptically by a rise in intracellular Ca2+ [although see 34],
but expressed, in part, presynaptically by activation of presynaptic PKA [35,36]. According to
one model [35], elevated postsynaptic Ca2+ triggers binding of postsynaptic Eph receptors to
presynaptic ephrins; the transsynaptic interaction between Eph receptors and ephrins, in turn,
leads to activation of PKA in the mossy fibers. A similar transsynaptic mechanism may mediate
LTF in Aplysia.

Our results do not exclude a contribution from presynaptic 5-HT receptors to LTF. Recent
evidence from experiments on ITF of the sensorimotor synapse suggests that activation of
presynaptic 5-HT receptors triggers an increase in spontaneous release of neurotransmitter
from the sensory neuron. This increased spontaneous transmitter release, in turn, may
contribute to a postsynaptic rise in intracellular Ca2+ via activation of postsynaptic
metabotropic glutamate receptors (mGluRs) (see [37]. The potential involvement of mGluRs
in LTF, however, remains to be determined.

Work on the mechanisms of LTF in Aplysia may provide insights into the regulation of the
neurotrophin brain-derived neurotrophic factor (BDNF) during hippocampal LTP. BDNF
mediates long-term presynaptic changes that accompany LTP of CA3-CA1 synapses due to a
strong stimulus (200 Hz tetanus or theta burst stimulation) [38]. It has been suggested that
BDNF, released from presynaptic terminals by strong synaptic stimulation, may act as an
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autocrine factor, binding to presynaptic tyrosine kinase B (TrkB) receptors. Activation of TrkB
receptors by BDNF, in turn, would be expected to stimulate the mitogen-activated protein
kinase (MAPK) pathway in CA3 neurons [39]. Interestingly, because LTP of CA3-CA1
synapses is induced postsynaptically, via activation of NMDA receptors and a postsynaptic
influx of Ca2+, the enhanced presynaptic release, and possibly enhanced presynaptic
expression, of BDNF may be triggered by elevated postsynaptic Ca2+. The parallels between
the regulation and mechanistic role of sensorin during LTF in Aplysia and BDNF during
hippocampal LTP are intriguing. Sensorin is released presynaptically and appears to activate
a Trk-like receptor in sensory neurons [8], resulting in activation of MAPK. Thus, sensorin
and BDNF may play similar roles in learning-related synaptic plasticity.

In summary, our study demonstrates that LTF depends critically on elevated postsynaptic
Ca2+ and postsynaptic protein synthesis. Furthermore, we find that the increased expression
of presynaptic sensorin during LTF requires elevation of postsynaptic intracellular Ca2+. Our
results indicate that the persistent presynaptic changes that characterize LTF—which have been
believed to be due to 5-HT acting on the sensory neuron—are stimulated, at least in part, by
retrograde signals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Postsynaptic Chelation of Intracellular Ca2+ Disrupts 5-HT-induced LTF
(A) Experimental arrangement. Scale bar, 20 µm.
(A’) Sample electrophysiological records from a Pretest. A single action potential evoked in a
sensory neuron produced a monosynaptic EPSP in the motor neuron. Note that the sensory
action potentials are not included in the other pre- and posttest records presented in this and
following figures. Scale bars, 20 mV and 200 ms.
(A”) Experimental protocol. Note that the sensory and motor neurons in the cocultures were
given 3–4 d to form synaptic connections before the start of the experiment. (See Experimental
Procedures in the Supplemental Data [online] for additional information.)
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(B) Sample EPSPs for four of the experimental groups: Control, BAPTA, 5-HT, 5-HT-BAPTA.
Each pair of traces shows EPSPs recorded from the same sensorimotor synapse before (Pre)
and 24 h after treatment (Post). Scale bars for these and EPSPs shown in subsequent figures,
10 mV and 80 ms.
(C) Mean normalized amplitude of the EPSPs in the four experimental groups. A one-way
ANOVA indicated that the differences among the groups were highly significant [F(3,49) =
11.20, p < 0.0001]. There was significant LTF of the synapses in the 5-HT-treated group (Day
2 EPSP = 155 ± 14%, n = 18), as indicated by the comparison with the Control synapses (Day
2 EPSP = 88 ± 10%, n = 14), which did not receive 5-HT (p < 0.001). By contrast, synapses
in which BAPTA was injected into the motor neuron prior to 5-HT treatment (5-HT-BAPTA
group) did not exhibit LTF (Day 2 EPSP = 69 ± 7%, n = 10; p < 0.001 for the comparison with
the 5-HT group). Postsynaptic injection of BAPTA by itself (Day 2 EPSP = 73 ± 9%, n = 11)
did not cause significant long-term changes in the strength of the sensorimotor synaptic
connections (p > 0.05 for the comparison between the BAPTA alone and Control groups). *
indicates significance of the difference between the 5-HT and Control groups, and + indicates
significance of the difference between the 5-HT and 5-HT-BAPTA groups. Error bars represent
± SEM.
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Figure 2. Postsynaptic Blockade of Protein Synthesis with the Cap Analog m7GpppG or Gelonin
Disrupts LTF
(A) Sample EPSPs recorded from cocultures in the four groups in the experiments summarized
in (B).
(B) Mean normalized amplitude of the EPSPs for each group in experiments testing the effect
of postsynaptic injection of the cap analog. A one-way ANOVA of the data indicated that the
group difference were significant [F(3,63) = 4.89, p < 0.005]. The 5-HT treatment produced
significant LTF of the synapses, as indicated by comparing the Day 2 EPSPs in the 5-HT (132
± 8%, n = 20) and Control (89 ± 13%, n = 15) groups (p < 0.01). Synapses in which cap analog
was injected into the motor neuron prior to 5-HT treatment (5-HT-cap analog group, Day 2
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EPSP = 88 ± 6%, n = 18) did not exhibit LTF (p < 0.01 for the comparison with the 5-HT
group). Postsynaptic injection of cap analog alone did not significantly alter the strength of the
sensorimotor synaptic connections (Day 2 EPSP = 101 ± 13%, n = 14; p > 0.05 for the
comparison between the Cap analog and Control groups). * indicates significance of the
difference between the 5-HT and Control groups, and + indicates significance of the difference
between the 5-HT and 5-HT-cap analog groups. Error bars represent ± SEM.
(C) Sample EPSPs recorded from cocultures in the four groups in the experiments summarized
in (D).
(D) Mean normalized amplitude of the EPSPs for each group in experiments that examined
the effect of postsynaptic injection of gelonin. The differences among the groups were highly
significant [F(3,95) = 4.59, p < 0.005]. Mean normalized EPSP in the 5-HT group (163 ± 16%,
n = 23) was significantly greater than that in the Control group (95 ± 12%, n = 25; p < 0.01).
The mean normalized amplitude of the Day 2 EPSP in cocultures that received the postsynaptic
gelonin prior to 5-HT treatment (5-HT-gelonin group, 111 ± 11%, n = 25) was significantly
less than that in the 5-HT alone group (p < 0.05). Postsynaptic injection of gelonin by itself
did not significantly alter the strength of the synapse (mean normalized Day 2 EPSP in the
Gelonin group = 123 ± 14%, n = 26; p > 0.05 for the comparison between the with the Control
group). * indicates significance of the difference between the 5-HT and Control groups, and +
indicates significance of the difference between the 5-HT and 5-HT-Gelonin groups Error bars
represent ± SEM.
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Figure 3. The Rapid Increase in Sensorin Expression Induced by 5-HT Is Blocked by Postsynaptic
BAPTA
(A) Phase contrast micrograph of a sensorimotor coculture. The arrow points to the major
neurite of the motor neuron. Scale bar, 30µm.
(B) Micrographs of sensorin immunofluorescence in the experimental groups. Each
micrograph depicts the region along the main axon of a sensory neuron where contacted the
major neurite of the motor neuron. Previous evidence indicates that this region represents the
area of maximum synaptic contact between the sensory and motor neurons [40]. In cocultures
that did not receive a postsynaptic injection of BAPTA, 5-HT treatment increased sensorin
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staining compared to untreated Controls. In cocultures treated with 5-HT after a postsynaptic
BAPTA injection the immunostaining resembled that in Controls. Scale bar, 10 µM.
(C) Intensity of sensorin immunostaining in the four experimental groups. Staining intensity
was determined for each coculture by measuring the mean pixel intensity of the fluorescence
in four circular regions centered on the main process of the motor neuron. The mean pixel
intensity was then corrected for background fluorescence, and the result was normalized to the
mean pixel intensity in Control group (Figure S1). A one-way ANOVA indicated that the group
differences were highly significant [F(3,82) = 6.13, p = 0.0008]. A Post-hoc comparison showed
that the normalized sensorin staining was greater in 5-HT cocultures (151 ± 15%, n = 20) than
in Controls (100 ± 5%, n = 26; p < 0.01). Importantly, the mean normalized sensorin staining
in 5-HT-BAPTA cocultures (97 ± 6%, n = 20) was significantly less than that in the 5-HT
group (p < 0.01), and not statistically different from that in Control cocultures (p > 0.05). The
postsynaptic BAPTA injection alone had little effect on sensorin staining (mean normalized
staining in the BAPTA group = 111 ± 8%, n = 20; p > 0.05 for the comparison with the
Controls). *, significance of the difference between 5-HT and Control groups; +, significance
of the difference 5-HT and 5-HT-BAPTA groups. Error bars represent ± SEM.
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Figure 4. Cellular Models for Different Temporal Phases of Facilitation in Aplysia
(A) Model for short-term synaptic facilitation. The serotonergic facilitatory interneuron,
activated in the intact animal by noxious stimulation, releases 5-HT onto the sensory neuron.
After binding to its G protein-coupled receptor, 5-HT causes rapid-onset, short-lasting (5–10
min) facilitation of the synapses via processes that involve presynaptic PKA and PKC [41,
42].
(B) Model for long-term synaptic facilitation. Binding of 5-HT to its receptors on the motor
neuron causes a rise of intracellular calcium in motor neuron via activation of IP3 receptors
and RyRs [13]. The rise of intracellular calcium drives local postsynaptic protein synthesis
(present results) and enhancement of AMPA receptor function [14,32]. AMPA receptor
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function may be enhanced through the synthesis of new AMPA receptors, exocytotic delivery
of additional receptors to the postsynaptic membrane, or both [13,18]. The postsynaptic rise
in Ca2+ also activates one or more retrograde signals (present results). The retrograde signals,
released from motor neuron, cause the rapid secretion and enhanced expression (via PKA and
PI3K, respectively) of sensorin (Refs. [8,9 and present results]). After binding to its
autoreceptors, sensorin leads to phosphorylation of MAPK and its subsequent translocation
into the nucleus of the sensory neuron. Translocated MAPK phosphorylates transcription
factors that regulate the gene expression required for LTF [15,43]. PKA, which is also
translocated to nucleus, also plays a critical role in regulating long-term cellular changes
accompanying LTF [44,45]. In addition to changes in presynaptic transcription, LTF is likely
to be accompanied by changes in postsynaptic transcription. Furthermore, it is possible that
presynaptic effects of 5-HT also contribute to LTF [37]. The dashed lines in [A] and [B] indicate
pathways whose involvement in STF/LTF is uncertain at present.
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