
Dopamine and cyclic-AMP regulated phosphoprotein-32 
(Darpp-32) is selectively enriched in dopamine-receptor express-
ing forebrain neurons, including medium spiny neurons of the 
nucleus accumbens (Acc) and neurons of the central nucleus of 
the amygdala (CeA). When phosphorylated at Thr34, Darpp-32 
acts as a potent inhibitor of protein phosphatase 1 (PP1) activity 
and subsequently as an amplifier of PKA-mediated signal 
transduction. This amplifying property of DARPP-32 is critical for 
dopamine-receptor mediated signal transduction, as well as for 
the actions of other neurotransmitters (e.g. glutamate) on 
neuronal function. In light of these anatomical and functional 
characteristics of Darpp-32, we hypothesized that Darpp-32 
plays an important role in a form of incentive learning known to 
be dependent on dopamine and glutamate receptor activation, 
and the integrity of subregions of the accumbens and amygdala. 
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1. No differences in sucrose preference or consumption

2. Effort-dependent differences in instrumental responding
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3. No differences in Pavlovian conditioning and conditioned 
reinforcement

Mice underwent daily Pavlovian training sessions to 
establish an association between a 2-min CS+ and 
sucrose reward (a 2 min CS- was unpaired with reward). 
A 2-min ITI (range 60-180s) was used between cue 
presentations and US delivery during CS+ periods was 
randomnized with an average delivery interval of 30s 
(range 15-45s). On separate 30-min sessions, mice were 
trained to instrumentally lever respond for sucrose on a 
VI60s reinforcement schedule (and a second lever was 
non-reinforced). On a 32 min test for PIT, the ability of the 
Pavlovian CS+ (and CS-) to modulate instrumental 
responding was assessed. 

Male WT (+/+) and Darpp-32 KO 
(-/-) mice (age 3-6 months) were 
assessed for performance on a 
number of tests for innate or 
acquired motivation. In all cases, 
mice were food-restricted to about 
85-90% of their free-feeding weight 
and this food restriction was 
maintained for the duration of 
training and testing.
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4. Darpp-32 KO mice fail to show Pavlovian-Instrumental 
transfer (PIT)

CS1-> sucrose
CS2 ->no reward

R1 -> CS1
R2 -> CS2

WT and Darpp-32 KO mice were 
assessed for instrumental response 
rates for 10% sucrose solution using 
a progressive fixed-ratio schedules of 
reinforcement procedure. Darpp-32 
KO mice showed significantly lower 
instrumental response rates when 
ratio schedules were made 
progressively more demanding.

WT and Darpp-32 KO mice were given Pavlovian 
discrimination training sessions to establish an association 
between a 10s auditory stimulus (CS+) and 10% sucrose 
reward (US). A second auditory stimulus was presented with 
equal frequency and probability but was not paired with 
reward (CS-). On each training session, 20 CS+ and CS- trials 
were presented in random order (60s ITI, range 30–90s). On 
the test for conditioned reinforcement,  mice were given 
access to 2 nose-poke ports such that nose-pokes into one 
port produced a 3s presentation of the CS+ and nose-poke 
into the second port produced the CS-. No reward was 
presented during the 40-min test for CRf.

Darpp-32 KO mice showed normal Pavlovian discrimination 
learning with a sucrose reinforcer (a & b), and normal 
performance in a conditioned reinforcement task (c). 

CS1-> sucrose
CS2 ->no reward

R1 -> sucrose
R2 -> nothing

R1: CS1, CS2
R2: CS1, CS2

No genotype differences were observed in performance 
during the instrumental or Pavlovian conditioning 
sessions (not shown). But, Darpp-32 KO mice failed to 
show normal CS+ enhanced responding (PIT) on the 
previously reinforced lever (a), despite showing normal 
discriminated magazine approach (c).

Conclusion
Our findings provide evidence for a selective role of the 
Darpp-32 signaling pathway, perhaps within the Acc 
and/or CeA, in a specific form of incentive learning 
involved in motivated behavior. Notably, as PIT is 
thought to model processes altered in a number of 
psychopathological conditions, including schizophrenia 
and drug addiction, our findings provide new insights into 
the proposed role of Darpp-32 in these conditions. 

a b

c

0

50

100

CS+ CS- ITI CS+ CS- ITI

+/+ -/-

0

50

100

150

CS+ CS- ITI CS+ CS- ITI

+/+ -/-

0

50

100

CS+ CS- ITI CS+ CS- ITI

+/+ -/-

a. Active lever c. Magazineb. Control lever

R
es

po
ns

e/
32

 m
in

Stimulus

* Present address:
Behavioral and Clinical Neuroscience Research Group
University of Sussex, UK
h.crombag@sussex.ac.uk

In 30-min tests, we assessed liquid 
sucrose consumption and concentration 
preference gradients of WT and 
Darpp-32 KO mice. WT and KO mice 
did not differ significantly on sucrose 
intake measures, although KOs spent 
significantly more time in the (recessed) 
sucrose cup and entered it more often 
than WTs (not shown).

Pavlovian session


