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Supplemental Information  

 

 

The supplemental information includes: 

Figs. S1 to S8 

 

Other supplementary materials for this manuscript include:  

Movies S1-S3   

Movie S1: Representative video showing the activity of NDNF-cells (S1a: before motion 

correction; S1b: after motion correction). The video is at 5X speed. 

Movie S2: Representative video showing the neuronal activity at CA1 pyramidal layer (S2a: 

before motion correction; S2b: after motion correction). The video is at 5X speed. 

Movie S3: Representative video showing the calcium signal of bulk EC3-CA1 synaptic terminals. 

The video is at 4X speed. 
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Supplementary figures: 

Fig. S1: 

 

Fig. S1: Brain-wide expression pattern of NDNF-Cre 

(a) Brain sections from a NDNF-Cre mouse crossed with a tdTomato report mouse (Ai9). The 

brain was fixed at the age of 2 months.  The representative coronal sections showed the 

widespread expression of Cre in the brain, including  in granule layer of olfactory bulb, Taenia 
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tecta (TTd), septo-hippocampal nucleus (SHN) in septum, layer1 interneurons in cortex, striatum, 

glia cells in hypothalamus, glia cells in brain stem and Purkinje cells in the cerebellum. Blood 

vessels are labeled in all the regions examined. (b) NDNF-Cre mice were either crossed with Ai9 

report mouse (left panel) or injected with AAV mediating Cre-dependent expression of hM4Di-

mCherry into the hippocampus (middle panel), or injected with AAV mediating the expression of 

mCherry and EGFP fused to synaptophysin into the hippocampus (right panel) (Top row). 

Representative coronal sections of the hippocampus (middle row), and the enlargement of the 

CA1 region (bottom row) were shown. Besides the interneurons localized at SLM, the pyramidal 

cells at the CA1 and the granule cells at the DG also expressed Cre. (c) Passive membrane 

properties (cell capacitance and input resistance) of NDNF-cells.   
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Fig. S2: 

 

 

Fig. S2: Synaptic innervation of NDNF-cells.  

(a) Additional photos showing the presynaptic input regions/cells of NDNF-cells traced with 

recombinant rabies virus. (b) Experimental design for expressing ChIEF in EC-CA1 synapses and 

expressing EGFP in NDNF-cells.  
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Fig. S3:  

 

Fig. S3: Freezing to altered context and tone. (a) Freezing to altered context or tone of the 

mice shown in Fig.4c-d. Clozapine was not administrated before the tests.  (b) Freezing to altered 

context or tone of the mice shown in Fig.4i-j. Clozapine was administered before the tests. 
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Fig. S4: 

 

 

 

Fig. S4: Additional behavioral tests with NDNF-cell activation. 

(a) Exploration time for new and old locations in novel place recognition test. The left panel 

corresponds to data shown in Fig. 4h. The right panel corresponds to data shown in Fig. 4k. (b) 

Contextual fear conditioning with clozapine been injected right after training. (c) Left: Distance 

traveled; right: Time in the center in open field test when clozapine was injected 30 min before 

test (p=0.41, student t-test for distance traveled; p=0.21, student t-test for time in center).  (d) 

Percentage of time in the open arm in elevated plus maze test when clozapine was injected 30 

min before test (p=0.88, student t-test).  
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Fig. S5: 

 

Fig. S5: Loss-of-function studies of NDNF-cells. 

(a) Expression of hM4Di-EGFP in NDNF-cells. (b) Contextual fear conditioning with clozapine 

been injected 30min before training. (c) Expression of JAWS-EGFP in NDNF-cells. (d) Red light 

inhibited the firing of NDNF-cells. Action potentials were triggered in NDNF-cells by current 

injections in whole-cell patch-clamp recording mode. (e) Contextual fear conditioning with 

optogenetic silencing of NDNF-cells. Cre- and Cre+ mice were injected with AAV hDlx-DIO-

JAWS-EGFP, and implanted with optic fibers in bilateral CA1.  Light was delivered during fear 

conditioning training but not during the tests.  
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Fig.S6: 

 

Fig. S6: Quantification of calcium signals of NDNF-cells and putative CA1 pyramidal cells  

(a) Representative traces of NDNF-cells showing the heterogeneous kinetics of calcium signals 

of NDNF-cells. Due to the difficulty of reducing the calcium signals to individual spikes, we 

measured the area under the calcium traces (Area under the curve) for quantification. (b) 

Representative traces of calcium imaging of neurons at pyramidal layer—the presumptive 

pyramidal cells. The calcium transients were deconvoluted into individual firing events with the 

extended CNMF for microendoscopic data (CNMF-E) method.  
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Fig.S7: 

 

 

Fig. S7: Activation of pan-interneurons in CA1 with hM3Dq inhibits CA1 pyramidal cells.  
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Fig. S8: 

 

Fig. S8: NDNF-Cells inhibit CA1 pyramidal cells and SR interneurons. 

(a) 2-ms light pulses delivered at 20 Hz reliably triggered action potentials in an EGFP-positive 

NDNF-Cell. (b-e) Photostimulation of NDNF-Cells evoked biphasic IPSPs (b) or IPSCs (c-e) in 

CA1 pyramidal cells. (e) GABAB receptors antagonist, CGP55845, blocked the slow phase and 

increased the amplitude of the fast phase of the IPSCs triggered by photo-stimulation of NDNF-

cells. (f) Representative trace and quantification of IPSCs recorded in CA1 pyramidal cells evoked 

by five 2-ms light pulses delivered at 5, 1 or 0.2 Hz to NDNF-cells. The pyramidal cell was held at 

0 mV in voltage clamp. The IPSC amplitude was normalized to the amplitude of the first IPSC. (g) 

The amplitudes of the IPSCs recorded from SR interneurons triggered by photo-stimulation of 

NDNF-cells were not correlated to the locations of the interneurons in SR. 


