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1. Introduction 

This chapter deals with the steps required to obtain perforated patch-clamp recordings from 
mammalian sperm cells. (in spite of the fact that these cells) In spite of the fact that these 
cells are not electrically excitable, they possess a number of conductances due to their 
expression of ion channels and even neurotransmitter-gated ion-channels, many of which 
remain to be explored functionally and structurally. Detailed methods for obtaining cells 
suitable for electrophysiological recordings and protocols to perform patch-clamp 
recordings are outlined in the text.  

2. Perforated patch recording 

Classic whole-cell recordings (Hamill et al., 1981) could dilute or wash out crucial elements 

of intracellular signaling cascades and even completely replace the intracellular milieu. In 

this technique, occasionally it is necessary to apply negative pressure to break down the 

plasma membrane and allow the continuity between the recording electrode and the 

cytoplasm. With the advent of perforated patch recordings in neurons (Ebihara et al., 1995), 

a compromise between good electrical signals and preservation of the intracellular milieu 

became available, and importantly for this review, the method is also suitable for non-

neuronal cells.  

The principle of perforated patch clamping relies on the action of drugs, such as classic 
antifungals (Akaike and Harata, 1994; Akaike, 1996). These molecules form holes in the 
plasma membrane, which are permeable to ions but do not allow the traffic of larger 
molecules. One of the most common molecules used in this protocol is nystatin, and others 
such as gramicidin and amphotericin B are also widely used. One of the key elements to 
obtain successful patch recordings is the proper application of the perforating drug; during 
this critical period of time is necessary to control the right time of drug application must be 
carefully controlled, because if the drug is added before the electrode forms a tight gigaseal 
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with the plasma membrane, the membrane could be irreversible damaged. Depending on 
the cell type, some time should be taken to make the seal: a significant time interval (around 
35 minutes) should be allowed for seal formation to ensure that the perforating drug is 
exposed only to the area of the plasma membrane that forms the seal with the recording 
electrode (Ueno et al., 1992; Lippiat, 2008). The most practical method to induce the 
perforated patch is by filling the pipette tip with intracellular recording solution containing 
the perforating drug. The drug will gradually diffuse to the membrane, and development of 
the whole-cell current response can be monitored.  

3. Procedure  

3.1 The sperm cell patch-clamp 

The main tool used to investigate the characteristics and distribution of ion channels in the 
plasma membrane is the "patch-clamp" technique first described by Neher and Sakmann in 
1976 and modified by Hamill in 1981. However, at that point patch-clamp recordings were 
of limited use in electrophysiological studies in other complex cells like cells like the 
mammalian sperm due to its shape and small size (Linares-Hernandez et al., 1998; Gorelik et 
al., 2002). 

To deal with this technical problem several alternatives have been devised. Some 
researchers determined that high resistance seals with hyposmotic solutions are ideal, 
especially for the sea urchin sperm; however, the cell-attached configuration and high 
resistance seals last only for a few minutes, making it difficult to record the currents 
generated by  ion channels (Sanchez et al., 2001). The second alternative is the 
electrophysiological study of ion channels in the membranes of spermatogonial cells in late 
stages of development (Munoz-Garay et al., 2001).  Technically, the procedure is easier in 
these cells than in mature sperm because the spermatogonial cells are much larger (Arnoult 
et al., 1996; Santi et al., 1996; Darszon et al., 1999). The plasma membrane of spermatogonial 
cells is functionally and structurally similar to the membrane of mature sperm, but there are 
many differences in types and cell distribution of ion channels (Serrano et al., 1999). The 
third alternative is the reconstitution of ion channels in artificial lipid bilayers; however, this 
technique removes the ion-channels from their natural lipidic environment and therefore, their 
biophysical properties are not precisely the same as in the cell plasma membrane (Lievano et 
al., 1990). The probability of obtaining a high resistance seal of the sperm head by microscopy 
using perforated patch clamp is about 45%; this is 15 times greater than the probability 
reported in studies using conventional "patch-clamp". In our personal experience, a tight seal 
is successfully obtained in 1 out of 10 trials (Guerrero et al., 1987; Navarrete et al., 2010). The 
time interval of the cell-attached recordings averages 35 min, which suffices to obtain many 
valuable biophysical data (Marconi et al., 2008; Navarrete et al., 2010).  

3.1.1 Sperm selection 

The sperm selection method chosen is "swim up" (WHO, 1999). Briefly, the sample is 

collected by manual manipulation and incubated for 40 min at 37 °C to liquefy the semen. 

Then 1 ml of semen is suspended in a Falcon tube with 4 ml of medium (DMEM), spun 

down at 1200 rpm (200 g) for 10 min, and the supernatant removed. The pellet is dissolved 

in 4 ml of medium and centrifuged for 5 min at 1200 rpm (200 g). The supernatant is 
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removed and the pellet is incubated with 1 ml of medium for 1 h at 37 ° C tilted at 45°. 

Finally, the upper portion of the suspension that is rich in motile sperms is collected 

(Navarrete et al., 2010). 

3.2 "Perforated patch-clamp" in mammalian sperm  

An aliquot (200 µl) of the upper portion of sperm suspension is incubated with 1800 µl of 
hyposmotic medium (see section Preparation of solutions) for 20 min, then centrifuged at 
1200 rpm (200 g) for 5 min. The supernatant is discarded, and the pellet is resuspended in 3 
ml of bath solution (150 mM KCl) and centrifuged at 1200 rpm (200 g) for 5 min. After 
removing the supernatant, the pellet is resuspended in 2 ml of bathing solution (see section 
Preparation of solutions). Subsequently 1 ml of suspension is placed in the "patch clamp" 
recording chamber previously prepared with Pegotina® (peptides with adherent properties, 
US patent 20110062047) or another suitable adhesive, such as poly-lysine, laminin etc. The 
sperm suspension is placed in the chamber and left undisturbed for 10 min to secure the 
interaction and permit attachment of the cells, with the bioadhesive. 

Micropipettes are made of borosilicate capillaries (Sutter Instrument Co., CA, USA is one of 
several options in a vertical or horizontal puller). The level of stretching and heat is adjusted 

to obtain a tip between 0.5 µm and 1.5 m of diameter, and then the tip is heat polished.  

A silver cylinder of 2 mm diameter and 3 cm long is used as reference electrode (Ag / 

AgCl); previously bathed it is pretreated in a bath of sodium hypochlorite and placed in a 

polyethylene tube whose tip is shaped to form a fine point. Inside the tube is a bed of agar-

KCl (2% agar in 150 mM KCl) to minimize the junction potential of the solution-electrode 

interface. One electrode is connected to a current-voltage converter "probe" and to the 

amplifier. A second electrode is a thin silver chloride wire inserted into the adapter 

micropipette "holder" and connected to the "probe". Through the "holder", positive pressure 

is applied to the pipette to prevent adhesion of particles and, in addition, negative pressure 

is essential to obtain high-resistance seals.  

3.3 "Cell attached" configuration  

The "patch clamp" is basically a piece of electric isolate to record unitary currents that flow 

through one or more ion channels present in a fragment of membrane set to a given 

potential by the researcher. To achieve a “patch clamp” it is necessary that the seal between 

the tip of the micropipette and the membrane has a resistance on the order of GΩ. Initially, 

the micropipette inserted into the "holder" will be immersed in the solution, and the 

resistance is determined through a current, monitored in a data acquisition system, in 

response to a rectangular pulse voltage of 5 mV, 110 ms, and 5 Hz generated by the same 

amplifier. Depending on the diameter of the pipette, the resistance should be between 6 and 

12 MΩ when measured in symmetrical solution concentrations of 150 mM KCl. The 

micropipette is then positioned with a micromanipulator in an inverted optical microscope 

and pressed against the surface of the sperm membrane; this maneuver leads to an increase 

of resistance.  

By applying negative pressure in the pipette, the resistance and formation of a seal will be 
reached: the resistance will increase and a seal will be formed, then capacitive current spikes 
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will appear at the beginning and end of the voltage pulse. These peaks are minimized by the 
capacitive compensation circuit before beginning the experiment. The configuration with 
the pipette attached to the surface of the plasma membrane is called the "cell attached" 
(Figure 1) and allows the recording of unitary currents through the electrically isolated 
"patch" at the tip of the pipette. This configuration is also suitable to evaluate the current 
response to changes in the perfusion medium. 

3.4 Perforating the plasma membrane. 

The antifungals must be dissolved in their appropriate solvent (DMSO, ethanol) and then 
diluted in the intracellular recording solution. The pipette tip is filled with intracellular 
solution using different approaches, either a syringe with a long, fine needle, or by 
capillarity, or even with a syringe whose tip has been melted. Typical concentrations for 
nystatin or amphotericin B are 5–20 mgr/ml, from a 1000-fold stock (Mistry and Hablitz, 
1990; Akaike and Harata, 1994; Rhee et al., 1994). After the formation of the gigaseal the 
patch is left intact, and the current response to test pulses is monitored. If all is well, the cell 
capacitance should be evident after 10 min, with decreasing access resistance (faster 
capacitive transient). After 20-30 min the capacitive transient should be stable, and the 
experiment can begin (Figure 1).  

3.5 Final step, perforated patch-clamp 

When the cell-attached configuration is reached, some time is needed to see changes in the 
capacitive peak, and to observe the openings of the membrane (Figure 1). When a change is 
detected in the capacitive peak, as evidenced by modifications in the decay slope (figure 1, 
arrows), it indicates that the seal has been opened. The velocity of the event depends on the 
concentration of the perforating molecules, and some time is required to fully calibrate the 
system. No more steps are needed after the cell is attached (Parodi et al., 2010; Sepulveda et 
al., 2010). 

Yet another critical factor to achieve perforated patch recordings is the time that the 
molecules in the intracellular solution take to form a strong gigaseal. High concentrations of 
the molecule can be toxic and induce alterations in the recordings, whereas low 
concentrations may take longer to form the gigaseal (and affect the viability of the cells), 
reaching times of declining cell viability. To assure that the gigaseal is properly developing, 
the passive properties of the membrane should be continually monitored. 

3.6 Quality control 

Below, we present a list of criteria to get proper whole-cell recordings: 

1. The seal resistance must be higher than 1 G at the beginning of the experiment. 
2. The series resistance must be lower than 20 MΩ and stay that way throughout the 

recording. A high series resistance is undesirable because the voltage clamp of the cell 
membrane is adversely affected.  

3. The time constant (τ) of the capacitive transient in the current response should be 
proportional to the series resistance, so a slow capacitive transient is a bad sign. A 
common problem is gradual resealing of the patch after breakthrough, apparently by 
spreading of the capacitive transients.  
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Fig. 1. Establishment of perforated patch mature bovine sperm cells. A. A membrane seal 

without perforating molecules. The lower recording shows the cell before applying negative 

pressure in the pipette. B. shows the time course of seal formation with perforating agent. 

The gigaseal formed 30 min after inclusion of the drug (lower trace). The arrow indicated, 

the changes in the slope, when the seal are open.  

4. The membrane potential must be more negative than -50 mV if a high-potassium 

intracellular solution is used. This value varies depending on the cell type; thus, 

laboratory conditions for these which just the potential parameters should be 

controlled.  

5. Cell capacitance and resistance must be stable.  

3.7 General conclusions and applications 

The perforated patch-clamp technique has allowed the study of functional properties in 

several cell models. In particular, the physiology of sperm has been widely studied by Dr. 

Darszon´s group in Mexico. Using this experimental approach along with other techniques 

of cell biology, this group described the presence and function of CatSper channels in 

mammalian sperm cells and showed their importance in basic functional processes such as 

sperm “capacitation” (Darszon et al., 1999) 
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Dr. Romero's group in Chile continues to explore other ion currents present in sperm cells 

and has described outward potassium currents of the Kv type (Marconi et al., 2008). Using 

this approach, the same group recently showed that this current was sensitive to peptides 

isolated from spider venom (Parodi et al., 2010) and that this modulation generates 

functional changes that alter the acrosome reaction of the sperm (Navarrete et al., 2010) and 

lead to changes in the relationship between sperm and oviductal cells (Navarrete et al., 2011, 

in press Andrology). Recently, this information was reviewed and suggestions raised that 

indicate that CatSper channels modulate several other cellular functions in sperm cells  

 

Fig. 2. Effects of Chilean L. mactans venom extract on electrophysiological properties of 
mammalian spermatozoa. A. Current-voltage relations in the absence or presence of 7.5 
µg/mL venom. B. Membrane conductance of sperm exposed to the venom. C. The effect of 
different conditions on pre-pulse currents. The sperm cells were held in the whole-cell 
configuration, perforated patch-clamp. The bars are means ± SD of 6 different experiments, * 
indicates significant difference, p < 0.05. Modified, from Parodi et al., 2010. 
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(Navarrete et al., 2011). A sample recording obtained by the perforated patch-clamp 

technique in sperm is observed in figure 2, in which the typical Kv current is evidenced. 

A new approach to study the impact of toxic agents was devised by Dr. Aguayo´s group in 

Chile, who modified the intracellular recording solutions to introduce aggregates of -

amyloid, a peptide highly accumulated in the brains of Alzheimer’s disease patients. 

Following seal formation, as we have described above, and without the use of a traditional 

penetrating agent, this group suggested that -amyloid induces pores in the plasma 

membrane, thus allowing perforated patch-clamp recordings in several cell types 

(Sepulveda et al., 2010) and US Patent 02908-2007. 

4. Preparation of solutions  

To prepare solution with BAPTA tetracesium salt* in internal solution with CsCl: 

1. Pour filtered solution into 50-ml beaker. 
2. Add 0.502 g BAPTA for 50 ml of 10 mM solution (1.004 for 100 ml). 
3. Adjust pH to 7.4 with CsOH. 
4. Measure osmolarity. 

5. Adjust osmolarity to 290-310 with sucrose ( 0.5 g for 50 ml). 
6. Pour into 50-ml flask and complete to 50 ml with ultra pure water. 
7. Store as 5-ml aliquots.  

* A cell-impermeant chelator, highly selective for Ca2+ over Mg2+ 

To prepare solution with EGTA in internal solution with KCl: 

1. Pour filtered solution into 50-ml beaker. 
2. Add 0.3804 g EGTA (for 10 mM). 
3. Adjust pH to 7.4 with KOH. 
4. Measure osmolarity and adjust to 290-310 with sucrose.  
5. Pour into 50-ml flask and complete to 50 ml with ultra pure water. 
6. Aliquot, cover with aluminum foil, label, and put in freezer. 
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