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General Background (Read this if nothing else!): 
Zucker, R.S., Kullmann, D.M., and Schwarz, T.L. (2008). Release of Neurotransmitters. In From Molecules 

to Networks: An Introduction to Cellular and Molecular Neuroscience, 2nd Edn., J.J. Byrne and J.L. 
Roberts, Editors. Academic Press: San Diego.  (PDF file of author's proof on MCB course web-page) 

 
Classics: 
Katz, B. (1966). Nerve, Muscle, and Synapse. New York: McGraw-Hill. 
Katz, B. (1969). The Release of Neural Transmitter Substances. Springfield, IL: C C Thomas. 

Statistics of Release: 
Hubbard, J.I., Llinás, R., and Quastel, D.M.J. (1969). Electrophysiological Analysis of Synaptic 

Transmission. Baltimore: Williams & Wilkins Frerking, M. and Wilson, M. (1996). Effects of variance in 
mini amplitude on stimulus-evoked release: a comparison of two models. Biophys J 70: 2078-91. 

Silver, R.A. (2003). Estimation of nonuniform quantal parameters with multiple-probability fluctuation 
analysis: theory, application and limitations. J Neurosci Methods 130: 127-141. 

Van der Kloot, W. (1988). Estimating the timing of quantal releases during end-plate currents at the frog 
neuromuscular junction. J Physiol 402: 595-603. 

Neher, E. and Sakaba, T. (2001). Combining deconvolution and noise analysis for the estimation of 
transmitter release rates at the calyx of held. J Neurosci 21: 444-461. 

Hartzell, H.C., Kuffler, S.W., and Yoshikami, D. (1975). Post-synaptic potentiation: interaction between 
quanta of acetylcholine at the skeletal neuromuscular synapse. J Physiol 251: 427-63. 

Frerking, M., Borges, S., and Wilson, M. (1995). Variation in GABA mini amplitude is the consequence of 
variation in transmitter concentration. Neuron 15: 885-895 

McAllister, A.K. and Stevens, C.F. (2000). Nonsaturation of AMPA and NMDA receptors at hippocampal 
synapses. Proc Natl Acad Sci U S A 97: 6173-6178. 

Bartol, T.M., Jr., Land, B.R., Salpeter, E.E., and Salpeter, M.M. (1991). Monte Carlo simulation of miniature 
endplate current generation in the vertebrate neuromuscular junction. Biophys J 59: 1290-1307. 

Franks, K.M., Bartol, T.M., Jr., and Sejnowski, T.J. (2002). A Monte Carlo model reveals independent 
signaling at central glutamatergic synapses. Biophys J 83: 2333-48. 

Mainen, Z.F., Malinow, R., and Svoboda, K. (1999). Synaptic calcium transients in single spines indicate 
that NMDA receptors are not saturated. Nature 399: 151-155. 

Oertner, T.G., Sabatini, B.L., Nimchinsky, E.A., and Svoboda, K. (2002). Facilitation at single synapses 
probed with optical quantal analysis. Nat Neurosci 5: 657-664. 

Liu, G., Choi, S., and Tsien, R.W. (1999). Variability of neurotransmitter concentration and nonsaturation of 
postsynaptic AMPA receptors at synapses in hippocampal cultures and slices. Neuron 22: 395-409. 

Liu, G. (2003). Presynaptic control of quantal size: kinetic mechanisms and implications for synaptic 
transmission and plasticity. Curr Opin Neurobiol 13: 324-31. 

Wadiche, J.I. and Jahr, C.E. (2001). Multivesicular release at climbing fiber-Purkinje cell synapses. Neuron 
32: 301-313. 

Auger, C. and Marty, A. (2000). Quantal currents at single-site central synapses. J Physiol 526: 3-11. 

The Vesicle Cycle; Endocytosis 
Classics: 

Ryan, T.A., Reuter, H., Wendland, B., Schweizer, F.E., Tsien, R.W., and Smith, S.J. (1993). The kinetics 
of synaptic vesicle recycling measured at single presynaptic boutons. Neuron 11: 713-724. 

Ryan, T.A. and Smith, S.J. (1995). Vesicle pool mobilization during action potential firing at hippocampal 
synapses. Neuron 14: 983-9. 
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Ryan, T.A., Reuter, H., and Smith, S.J. (1997). Optical detection of a quantal presynaptic membrane 
turnover. Nature 388: 478-82. 

Bruns, D. and Jahn, R. (1995). Real-time measurement of transmitter release from single synaptic vesicles. 
Nature 377: 62-5. 

Good Reviews (reference most papers that I discuss): 
Granseth, B., Odermatt, B., Royle, S.J., and Lagnado, L. (2006). Clathrin-mediated endocytosis is the 

dominant mechanism of vesicle retrieval at hippocampal synapses. Neuron 51: 773-86. 
He, L. and Wu, L.G. (2007). The debate on the kiss-and-run fusion at synapses. Trends Neurosci 30: 447-

55. 
Wu, L.G., Ryan, T.A., and Lagnado, L. (2007). Modes of vesicle retrieval at ribbon synapses, calyx-type 

synapses, and small central synapses. J Neurosci 27: 11793-802. 
Lisman, J.E., Raghavachari, S., and Tsien, R.W. (2007). The sequence of events that underlie quantal 

transmission at central glutamatergic synapses. Nat Rev Neurosci 8: 597-609. 
Recent paper missed by reviews: 

Lin, M.Y., Teng, H., and Wilkinson, R.S. (2005). Vesicles in snake motor terminals comprise one 
functional pool and utilize a single recycling strategy at all stimulus frequencies. J Physiol 568: 413-21. 

Cotransmission & Autoreceptors: 
Lundberg, J.M., Änggård, A., Emson, P., Fahrenkrug, J., and Hökfelt, T. (1981). Vasoactive intestinal 

polypeptide and cholinergic mechanisms in cat nasal mucosa: studies on choline acetyltransferase and 
release of vasoactive intestinal polypeptide. Proc Natl Acad Sci U S A 78: 5255-9. 

Adams, M.E. and O'Shea, M. (1983). Peptide cotransmitter at a neuromuscular junction. Science 221: 286-9. 
Kuffler, S.W. (1980). Slow synaptic responses in autonomic ganglia and the pursuit of a peptidergic 

transmitter. J Exp Biol 89: 257-286. 
Jan, Y.N., Bowers, C.W., Branton, D., Evans, L., and Jan, L.Y. (1983). Peptides in neuronal function: studies 

using frog autonomic ganglia. Cold Spring Harb Symp Quant Biol 48 Pt 1: 363-374. 
Davies, C.H., Davies, S.N., and Collingridge, G.L. (1990). Paired-pulse depression of monosynaptic GABA-

mediated inhibitory postsynaptic responses in rat hippocampus. J Physiol 424: 513-31. 
Redman, R.S. and Silinsky, E.M. (1994). ATP released together with acetylcholine as the mediator of 

neuromuscular depression at frog motor nerve endings. J Physiol 477: 117-27. 

Microdomains & Ca-dependence: 
Neher, E. (1998). Vesicle pools and Ca2+ microdomains: new tools for understanding their roles in 

neurotransmitter release. Neuron 20: 389-99. 
Becherer, U., Moser, T., Stuhmer, W., and Oheim, M. (2003). Calcium regulates exocytosis at the level of 

single vesicles. Nat Neurosci 6: 846-53. 
Heidelberger, R., Heinemann, C., Neher, E., and Matthews, G. (1994). Calcium dependence of the rate of 

exocytosis in a synaptic terminal. Nature 371: 513-5. 
Schneggenburger, R. and Neher, E. (2000). Intracellular calcium dependence of transmitter release rates at a 

fast central synapse. Nature 406: 889-93. 
Bollmann, J.H., Sakmann, B., and Borst, J.G. (2000). Calcium sensitivity of glutamate release in a calyx-type 

terminal. Science 289: 953-7. 
Thoreson, W.B., Rabl, K., Townes-Anderson, E., and Heidelberger, R. (2004). A highly Ca2+-sensitive pool 

of vesicles contributes to linearity at the rod photoreceptor ribbon synapse. Neuron 42: 595-605. 

Short-Term Synaptic Plasticity & Vesicle Pools: 
Zucker, R.S. and Regehr, W.G. (2002). Short-term synaptic plasticity. Annu Rev Physiol 64: 355-405. 
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Schneggenburger, R., Sakaba, T., and Neher, E. (2002). Vesicle pools and short-term synaptic depression: 

lessons from a large synapse. Trends Neurosci 25: 206-12. 
Lenzi, D. and von Gersdorff, H. (2001). Structure suggests function: the case for synaptic ribbons as 

exocytotic nanomachines. Bioessays 23: 831-40. 
Schikorski, T. and Stevens, C.F. (2001). Morphological correlates of functionally defined synaptic vesicle 

populations. Nat Neurosci 4: 391-5. 
Kamiya, H. and Zucker, R.S. (1994). Residual Ca2+ and short-term synaptic plasticity. Nature 371: 603-606. 
Millar, A.G., Zucker, R.S., Ellis-Davies, G.C., Charlton, M.P., and Atwood, H.L. (2005). Calcium sensitivity 

of neurotransmitter release differs at phasic and tonic synapses. J Neurosci 25: 3113-3125. 

Molecular Mediators: 
Augustine, G.J., Burns, M.E., DeBello, W.M., Hilfiker, S., Morgan, J.R., Schweizer, F.E., Tokumaru, H., 

and Umayahara, K. (1999). Proteins involved in synaptic vesicle trafficking. J Physiol 520: 33-41. 
Südhof, T.C. (2004). The synaptic vesicle cycle. Annu Rev Neurosci 27: 509-47. 
Südhof, T.C. (1997). Function of Rab3 GDP-GTP exchange. Neuron 18: 519-22. 
Edwards, R.H. (2007). The neurotransmitter cycle and quantal size. Neuron 55: 835-58. 
Okuda, T. and Haga, T. (2003). High-affinity choline transporter. Neurochem Res 28: 483-8. 
Reimer, R.J., Fon, E.A., and Edwards, R.H. (1998). Vesicular neurotransmitter transport and the presynaptic 

regulation of quantal size. Curr Opin Neurobiol 8: 405-12. 
Kluge, C., Lahr, J., Hanitzsch, M., Bolte, S., Golldack, D., and Dietz, K.J. (2003). New insight into the 

structure and regulation of the plant vacuolar H+-ATPase. J Bioenerg Biomembr 35: 377-88. 
Chen, Y.A. and Scheller, R.H. (2001). SNARE-mediated membrane fusion. Nat Rev Mol Cell Biol 2: 98-106. 
Jackson, M.B. and Chapman, E.R. (2006). Fusion pores and fusion machines in Ca2+-triggered exocytosis. 

Annu Rev Biophys Biomol Struct. 35: 135-160. 
Han, X., Wang, C.T., Bai, J., Chapman, E.R., and Jackson, M.B. (2004). Transmembrane segments of 

syntaxin line the fusion pore of Ca2+-triggered exocytosis. Science 304: 289-292. 
Sørensen, J.B., Wiederhold, K., Müller, E.M., Milosevic, I., Nagy, G., de Groot, B.L., Grubmüller, H., and 

Fasshauer, D. (2006). Sequential N- to C-terminal SNARE complex assembly drives priming and fusion 
of secretory vesicles. Embo J 25: 955-66. 

Pobbati, A.V., Stein, A., and Fasshauer, D. (2006). N- to C-terminal SNARE complex assembly promotes 
rapid membrane fusion. Science 313: 673-6. 

Kesavan, J., Borisovska, M., and Bruns, D. (2007). v-SNARE actions during Ca2+-triggered exocytosis. Cell 
131: 351-63. 

Spafford, J.D. and Zamponi, G.W. (2003). Functional interactions between presynaptic calcium channels and 
the neurotransmitter release machinery. Curr Opin Neurobiol 13: 308-14. 

Chapman, E.R. (2002). Synaptotagmin: a Ca2+ sensor that triggers exocytosis? Nat Rev Mol Cell Biol 3: 498-
508. 

Augustine, G.J. (2001). How does calcium trigger neurotransmitter release? Curr Opin Neurobiol 11: 320-6. 
Bai, J. and Chapman, E.R. (2004). The C2 domains of synaptotagmin--partners in exocytosis. Trends 

Biochem Sci 29: 143-51. 
Hui, E., Bai, J., and Chapman, E.R. (2006). Ca2+-triggered simultaneous membrane penetration of the tandem 

C2-domains of synaptotagmin I. Biophys J 91: 1767-77. 
Araç, D., et al. (2006). Close membrane-membrane proximity induced by Ca2+-dependent multivalent 

binding of synaptotagmin-1 to phospholipids. Nat Struct Mol Biol 13: 209-17. 
Bhalla, A., Chicka, M.C., Tucker, W.C., and Chapman, E.R. (2006). Ca2+-synaptotagmin directly regulates t-

SNARE function during reconstituted membrane fusion. Nat Struct Mol Biol 13: 323-30. 
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Sun, J., Pang, Z.P., Qin, D., Fahim, A.T., Adachi, R., and Sudhof, T.C. (2007). A dual-Ca2+-sensor model for 
neurotransmitter release in a central synapse. Nature 450: 676-82. 

Wojcik, S.M. and Brose, N. (2007). Regulation of membrane fusion in synaptic excitation-secretion 
coupling: speed and accuracy matter. Neuron 55: 11-24. 

Rettig, J. and Neher, E. (2002). Emerging roles of presynaptic proteins in Ca++-triggered exocytosis. Science 
298: 781-785. 

Lonart, G. (2002). RIM1: an edge for presynaptic plasticity. Trends Neurosci 25: 329-32. 
Zampighi, G.A., Zampighi, L.M., Fain, N., Lanzavecchia, S., Simon, S.A., and Wright, E.M. (2006). Conical 

electron tomography of a chemical synapse: vesicles docked to the active zone are hemi-fused. Biophys J 
91: 2910-8. 

Schaub, J.R., Lu, X., Doneske, B., Shin, Y.K., and McNew, J.A. (2006). Hemifusion arrest by complexin is 
relieved by Ca2+-synaptotagmin I. Nat Struct Mol Biol 13: 748-50. 

Thakur, P., Stevens, D.R., Sheng, Z.H., and Rettig, J. (2004). Effects of PKA-mediated phosphorylation of 
Snapin on synaptic transmission in cultured hippocampal neurons. J Neurosci 24: 6476-81. 

Missler, M., Zhang, W., Rohlmann, A., Kattenstroth, G., Hammer, R.E., Gottmann, K., and Südhof, T.C. 
(2003). Alpha-neurexins couple Ca2+ channels to synaptic vesicle exocytosis. Nature 424: 939-48. 

Schoch, S. and Gundelfinger, E.D. (2006). Molecular organization of the presynaptic active zone. Cell Tissue 
Res 326: 379-91. 

De Camilli, P. and Takei, K. (1996). Molecular mechanisms in synaptic vesicle endocytosis and recycling. 
Neuron 16: 481-6. 

Takei, K., Slepnev, V.I., Haucke, V., and De Camilli, P. (1999). Functional partnership between 
amphiphysin and dynamin in clathrin-mediated endocytosis. Nat Cell Biol 1: 33-9. 

Schuske, K.R., Richmond, J.E., Matthies, D.S., Davis, W.S., Runz, S., Rube, D.A., van der Bliek, A.M., and 
Jorgensen, E.M. (2003). Endophilin is required for synaptic vesicle endocytosis by localizing 
synaptojanin. Neuron 40: 749-62. 

Kuromi, H., Honda, A., and Kidokoro, Y. (2004). Ca2+ Influx through Distinct Routes Controls Exocytosis 
and Endocytosis at Drosophila Presynaptic Terminals. Neuron 41: 101-11. 

Sippy, T., Cruz-Martin, A., Jeromin, A., and Schweizer, F.E. (2003). Acute changes in short-term plasticity 
at synapses with elevated levels of neuronal calcium sensor-1. Nat Neurosci 6: 1031-8. 

Blatow, M., Caputi, A., Burnashev, N., Monyer, H., and Rozov, A. (2003). Ca2+ buffer saturation underlies 
paired pulse facilitation in calbindin-D28k-containing terminals. Neuron 38: 79-88. 

Jackson, M.B. and Redman, S.J. (2003). Calcium dynamics, buffering, and buffer saturation in the boutons 
of dentate granule-cell axons in the hilus. J Neurosci 23: 1612-21. 

Matveev, V., Zucker, R.S., and Sherman, A. (2004). Facilitation through buffer saturation: constraints on 
endogenous buffering properties. Biophys J 86: 2691-709. 

Rosenmund, C., Sigler, A., Augustin, I., Reim, K., Brose, N., and Rhee, J.S. (2002). Differential control of 
vesicle priming and short-term plasticity by Munc13 isoforms. Neuron 33: 411-424. 

Junge, H.J., Rhee, J.S., Jahn, O., Varoqueaux, F., Spiess, J., Waxham, M.N., Rosenmund, C., and Brose, N. 
(2004). Calmodulin and Munc13 form a Ca sensor/effector complex that controls short-term synaptic 
plasticity. Cell 118: 389-401. 

Sakaba, T. and Neher, E. (2001). Calmodulin mediates rapid recruitment of fast-releasing synaptic vesicles at 
a calyx-type synapse. Neuron 32: 1119-31. 

Sun, J., Bronk, P., Liu, X., Han, W., and Sudhof, T.C. (2006). Synapsins regulate use-dependent synaptic 
plasticity in the calyx of Held by a Ca2+/calmodulin-dependent pathway. Proc Natl Acad Sci U S A 103: 
2880-5. 
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