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Effect of trypsinization in cell culture on bradykinin receptors in vascular 
endotbelial cells 

(Received 5 February 1988; accepted 4 August 1988) 

One of many important roles of the naturally occurring 
nonapeptide, bradykinin (BK), is the modulation of vas- 
cular tone. A major cellular site for the action of bradykinin 
is on endothelial cells. The ability to culture endothelial 
cells has aided the elucidation of the cellular and molecular 
pharmacology of bradykinin [l-6]. Although the actions of 
bradykinin are clearly mediated via receptors, the char- 
acterization and quantification of endothelial bradykinin 
receptors by biochemical binding studies have been 
reported only recently [7]. During the course of these 
studies we observed that trypsin had profound effects on 
bradykinin receptors. This report describes in detail the 
effect of routine trypsinization in cell passaging upon BK 
receptors and its function in cultured endothelial cells. 

Materials and Methods 

Muteri&. Bovine pulmonary artery endothelial cells 
(BPAE) were obtained from the American Type Culture 
Collection (Rockville, MD). Bradykinin triacetate (BK), 
bovine serum albumin (BSA, globulin-free) and bacitracin 
were ourchased from the Siama Chemical Co. (St. Louis, 
MO).* [2,3-proIyI-3,4-3H(N)]Bradykinin (sp. act. = 
61.7 Ci/mmol) was ourchased from New Enaland Nuclear 
(Boston, MA). T&psin-EDTA was preiared by the 
Medium Preparation Laboratory of Smith Kline & French 
Laboratories. Dulbecco’s modified Eagle’s medium 
(DMEM), fetal calf serum (FCS) and related culture media 
were obtained from Gibco Laboratories (Grand Island, 
NY). 

Cell culture. The cells (3 x 106) were grown in T-150 
flasks containing 50 ml of DMEM supplemented with 20% 
(v/v) heat-inactivated FCS (DMEM-20% FCS) without the 
addition of antibiotics. They were incubated for 3-4 days 
at 37” under constant humidity (93%), 5% COZ, and then 
harvested for experiment or passage. The cells were har- 
vested either mechanically or enzymatically as follows. 

Mechanical harvesting. The monolayer of the cells was 
scraped gently off the flasks, with a disposable cell scraper 
(Costar, Cambridge, MA), and pooled. The cell suspension 
was triturated gently using an automatic pipetter. Two 
aliquots were taken, spun down, and treated briefly with 
0.05% (w/v) trypsin-O.25% (w/v) EDTA (trypsin-EDTA) 
to obtain a homogeneous suspension for cell counting and 
estimation of the number of population doubling (PD) [8]. 

Enzymatical harvesting (tryptin-EDTA treatment). The 
growth medium was first removed from the flask, followed 
by a lo-ml serum-free DMEM wash, and then 5 ml of pre- 
warmed (37”) trypsin-EDTA was added to the monolayer 
of BPAE. The excess trypsin-EDTA was removed 5-7 set 
later. The cells in the flask were allowed to stand at room 
temperature for an additional 30 set, followed by a sharp 
lateral movement of the flask to dislodge cells from the 
flask. To the loosened cells 5 ml of DMEM-20% FCS was 
added quickly to inactivate any remaining trypsin. None 
of the treatments described above decreased the viability 
(>95% viable) of endothelial cells as determined by trypan 
blue dye exclusion. 

[‘H]Bradykinin binding assay. BPAE cells between 3 
and 6 passages (bv mechanical or enzymatic harvesting) 
were obtainld by scraping from culture flasks containing 
DMEM-20% FCS. Cells were washed twice with calcium- 
free, magnesium-free Dulbecco’s phosphate-buffered 
saline (DPBS) solution. The washed cells were suspended 

in a small volume (2-3 ml) of ice-cold 25 mM potassium 
phosphate buffer, pH 6.5 (buffer), and homogenized at O- 
4” with a Brinkmann polytron (model PT $35 control 
unit, PTA7 orobe, Brinkmann Instruments Co.. Westburv. 
NY ), at seiting 7. Three homogenations of 20 set -each 
were needed to obtain uniform homogenates containing 
less than 5% intact cells. The homogenates were then 
centrifuged at 50,000 g for 15 min at 4”. The precipitate was 
washed twice with intermediate rehomogenation in buffer. 
At this stage, no intact cells remained in the homogenates. 

The binding assay was performed in 1.5-ml oolv- 
propylene Eppendorf microcentrifuge tubes (Brinkmann 
Instruments Co.) precoated with 0.1% BSA. The incu- 
bation mixture consisted of 0.1% BSA, 0.3 mM bacitracin, 
buffer, and [3H]BK at various concentrations as described 
in the text, with and without unlabeled BK at lOOO-fold 
excess of the highest ligand concentration used. The incu- 
bation was initiated by adding 50~1 of membrane prep- 
aration (loCr200 pg) in a final volume of 0.25 ml. The assay 
was performed at 4” for 1 hr at which time binding was 
found to reach equilibrium. The reaction was stopped by 
adding 750~1 of cold PK buffer, and the tube was spun 
immediately in an Eppendorf microfuge (model 5415, 
Brinkmann Instruments Co.) at a maximum speed for 
5 min. The medium was removed, and the pellet was 
washed once with 1 ml of cold PK buffer. The tip of the 
tube containing the pellet was cut into a glass liquid scin- 
tillation vial. The pellet was solubilized and counted for 
radioactivity. The results are presented as specific [3H]BK 
binding which is defined as the difference between binding 
in the absence and presence of lOOO-fold excess unlabeled 
BK. At a 5 nM concentration of [3H]BK, specific binding of 
the radiolabeled ligand to BPAE cell membranes accounted 
for 55-65% of the total binding. The protein was measured 
by the method of Lowry et al. [9]. 

Bioassay of endothelium-derived relaxing factor 
(EDRF). BPAE cells were harvested by scraping and 
grown to confluence on Cytodex 3 microcarrier beads. The 
ability of the cells to release EDRF was measured by the 
method of Shikano and Berkowitz [lo]. 

Results and Discussion 

Pilot studies suggested that the use of trypsin to assist in 
the passage of cells via standard tissue culture techniques 
may have an effect on BK receptors. We therefore carried 
out systematic studies to address this question using direct 
binding of [3H]BK and a functional assay of endothelial 
cells. Table 1A shows that treatment of-the BPAE cell 
monolayer with trvosin-EDTA for 2-6 oassazes (chronic) 
did not -affect significantly the rate of population doubling 
of the cells when compared with control cells passaged 
without trypsin; however, the binding of [3H]BK (5 nM) to 
the membranes prepared from trypsinized cells was reduced 
significantly (43-70%). The chronic treatment with trypsin- 
EDTA did not affect overall growth pattern (e.g. popu- 
lation doubling rate and lifespan) of BPAE cells (data not 
shown). For the effect of a single (acute) treatment of 
BPAE cells with trypsin-EDTA on BK binding, the BPAE 
cells were subcultivated in flasks by dislodging cells mech- 
anically and without trypsin for 3-6 passages. They were 
then separated into two sets of flasks. One set of cells was 
scraped and cell membranes were prepared (control). The 
other set of cells was treated briefly with trypsin-EDTA, 
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Table 1. Effect of trypsin-EDTA in cell passage (chronic) and cell harvesting (acute) on 
bradykinin binding to endothelial cell membranes 

Experiment 

Number of 
trypsin-EDTA 

exposures PDs 
Specific binding % Suppression 

( fmol/mg) of binding 

(A) Chronic effect 
1 None 22.7 86.9 !I 9.0 

2 22.7 26.5 2 6.2 70* 
2 None 25.4 109.8 5 7.8 

3 25.3 41.0 -c 5.6 63* 
3 None 27.0 99.5 t 3.8 

4 27.5 43.9 2 11.0 56’ 
4 None 28.5 80.4 5 0.3 

6 27.3 46.0 ? 2.4 43t 
(B) Acute effect 

1 None 27.2 88.6 r+ 6.7 (4) 
1 51.9 * 3.7 (5) 41t 

2 None 30.0 112.7 * 12.6 (5) 
1 72.7 * 9.2 (5) 352 

3 None 36.9 78.9 ‘- 3.2 (4) 
1 78.8 -+ 3.4 (4) NS§ 

4 None 37.2 64.1 * 4.8 (6) 
1 63.8 f 4.8 (6) NS 

A 5 nM concentration of [3H]BK was used in the assay. Results (mean 2 SEM) are values 
obtained from triplicate replications or the number of replications indicated in parentheses. 

*--I Significantly different from control (Student’s r-test): *P < 0.01, tP < 0.001, and 
$P < 0.05. 

0 Not significant. 

as described in Materials and Methods, and the cell mem- 
branes were prepared. Table 1B demonstrates that mem- 
branes from cells briefly exposed to trypsin-EDTA had lost 
BK binding ability by approximately 40% (experiments 1 
and 2). The trypsin-EDTA effect was due to trypsin, since 
EDTA (0.25%) under similar conditions did not alter the 
ability of the membrane to bind BK (data not shown). The 
binding of BK became insensitive to acute trypsinization 
(experiments 3 and 4) when cells approached the end of 
the lifespan (PD = 37). Figure 1A illustrates the saturable, 

high-affinity binding of [‘H]BK to membranes prepared 
from cells passaged by the two techniques as described. 
The binding of [3H]BK reached saturation at IO-2OnM 
in both preparations; however, the maximal binding was 
substantially less in the membrane prepared from cells 
passaged with trypsin-EDTA treatment. Scatchard analysis 
of the saturable binding (Fig. 1B) revealed equilibrium 
dissociation constants (&) of 1.9 and 1.9 nM and maximum 
binding (B,,) values of 122 and 61 fmol/mg protein for the 
control and trypsin-EDTA treated preparation 

Non-Trypsin 

0 
0 5 10 15 20 0 30 60 90 120 

Bradykinin Concentration (nM) Bound (fmol/mg) 

Fig. 1. Effect of trypsinization in cell passage on [3H]BK binding to BPAE cell membranes. BPAE cells 
were subcultured with and without trypsin as described in Materials and Methods for 3-6 passages and 
were then harvested by scraping. The crude membranes prepared from these cells were used to test BK 
binding. (A) Saturation curve. (B) Scatchard plot. Key: (IX---El) control (non-trypsin), and (U) 

trypsinization. Results are the means ? SEM of values obtained from four experiments. 
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Fig. 2. Effect of trypsinization in cell passage on the ability of BPAE cells to release EDRF. BPAE 
cells were subcultured with and without trypsinization for 6 passages and harvested by scraping. Cells 
were then seeded and grown on Cytodex-3 microcarrier beads for 4 days. Cells (3 x 106) on the beads 
were superfused with BK (lo-’ M) or A23187 (10d6 M) in a chromatography column to release EDRF 

as described in Materials and Methods. 

respectively. Thus, trypsinization reduced the number of 
binding sites but not the affinity of the binding. 

The inhibitory effect of trypsinization of cells during 
passage on [3H]BK binding can be reversed by further 
subculturing of cells without trypsin-EDTA for a minimum 
of 2 passages or by seeding the cells at lower concentrations 
and allowing them to grow in the flask for at least 8 PDs 
(unpublished data). 

To determine if the decrease in BK receptors was of 
pharmacological or functional significance, we made use of 
the observations that endothelial cells release EDRF in 
response to BK [lo]. Figure 2 illustrates a typical tracing 
of the contraction of rabbit aorta [by phenylephrine (PE)] 
and the relaxation in response to EDRF released by maxi- 
mal relaxing concentrations of BK (1 X lo-‘M) or A23187 
(1 X 10mb M). At comparable PDs, cells previously sub- 
cultured six times in trypsin-EDTA (Fig. 2B) released less 
EDRF compared to non-trypsinized control (38 vs 67%) in 
response to BK. The EDRF release response to the calcium 
ionophore A23187 was not altered significantly (86~s 80%). 
As a control, the superfusion of the bioassay system without 
endothelial cells with BK (lo-’ M) or A23187 (10e6 M) did 
not cause relaxation of assay tissues (Fig. 2C). 

Trypsinization is a commonly used technique to dislodge 
cells from culture flasks in cell culture. It has been shown 
that a brief trypsinization in routine tissue culture of endo- 
thelial cells could cause the loss of membrane lipid from 
the cells [ll] and inhibit angiotensin converting enzyme 
[12]. The direct effect of trypsinization in cell passage 
on receptors was not studied. In the present studies we 
monitored carefully the age (expressed as number of popu- 
lation doublings) or decline in successive subculturing 

* Inquiries to: Cheng-Po Sung, Ph.D., Department of 
Pharmacology, L521, Smith Kline & French Laboratories, 
King of Prussia, PA 19406. 

(expressed as passages) of the cells. As cells got higher 
PDs, trypsin seemed to have less of an effect on BK receptor 
binding (Table 1B). These results clearly demonstrate the 
need to control carefully for the number of PDs or passages 
of cultured endothelial cells in pharmacological 
experiments. The effect of trypsin to decrease BK receptor 
binding could be due to proteolysis and/or lysis of mem- 
brane lipids. The latter effect must be considered since 
Kirkpatrick et al. [ll] showed that trypsinization of mono- 
layer-cultured endothelial cells in cell harvesting released 
a large amount of phospholipids. We have also observed 
that pretreatment of membranes with either phospholipase 
A, or phospholipase C significantly lowered BK binding 
(unpublished data). 

In summary, we have demonstrated that trypsinization 
in tissue culture significantly decreased the number of BK 
receptor sites and inhibited the EDRF release from the 
cells in response to BK. The mechanism(s) of the trypsin 
effect on BK receptors and whether trypsin also affects 
other receptors on cell membrane of BPAE cells remain to 
be studied. 

Department of Pharmacology CHENG-PO SUNG* 
Smith Kline & French ANTHONY J. ARLETH 

Laboratories KAZLJHISA SHIKANO 
Philadelphia, PA, U.S.A. BOGDAN ZABKO-POTAPOVICH 

BARRY A. BERKOWITZ 

REFERENCES 

Cruchley DJ, Ryan US and Fisher GH, Bradykinin- 
induced release of prostacyclin and thromboxanes from 
bovine pulmonary artery endothelial cells. Studies with 
lower homologs and calcium antagonists. Biochim 
Biophys Acta 751: 99-107, 1983. 



Short communications 699 

2. Derian CK and Moskowitz MA, Polyphosphoinositide 
hydrolysis in endothelial cells and carotid artery 

7. Sung CP, Arleth AJ, Shikano K and Berkowitz BA, 

segments. Bradykinin B2 receptor stimulation is calc- 
Characterization and function of bradykinin receptors 

ium-independent. .I Biol Chem 261: 3831-3837, 1986. 
in vascular endothelial cells. J Pharmucol Exp Ther 
247: 8-13, 1988. 

3. Clark MA, Bomalaski JS, Conway TM, Wartell J and 8. Rosen EM, Mueller SN, Noveral JP and Levine EM, 
Crooke ST, Differential effects of aspirin and dexa- Proliferative characteristics of clonal endothelial cell 
methasone on phospholipase A, and C activities and 
arachidonic acid release from endothelial cells in 
response to bradykinin and leukotriene D,. Prosrrr- 
glandins 32: 703-708, 1986. 

4. McIntyre TM, Zimmerman GA, Satoh K and Prescott 
SM, Cultured endothelial ceils synthesize both platelet- 
activating factor prostacyclin in-response to hi&mine, 
bradykinin, and adenosine triohosnhate. J C&r Invest 
76: 271-280, 1985. 

- _ 

5. Cocks TM, Angus JA, Campbell JH and Campbell 
GR, Release and properties of endothelium-derived 
relaxing factor (EDRF) from endothelial cells in 
culture. .I Cell Physiol 123: 310-320, 1985, 

6. Mackie K, Lai Y, Naim AC, Greengard P, Pitt B and 
Lazo JS, Protein phospho~lation in cultured endo- 
thelial cells. J Cell Physioi 128: 367-374, 1986. 

strains. J Ceil PhysioZ 107: 123-137, 1981. 
9. Lowry OH, Rosebrough NJ, Farr AL and Randall RJ, 

Protein measurement with the Folin phenol reagent. J 
Biol Chem 193: 265-275, 1951. 

10. Shikano K and Berkowitz BA, Endothelium-derived 
relaxing factor is a selective relaxant of vascular smooth 
muscle. J P~a~acol Exp Ther 243: 5-, 1987. 

11. Kirkpatrick CJ, Melzner I and Goller T, Comparative 
effects of trypsin, coilagenase and mechanical har- 
vesting on cell membrane lipids studied in monolayer- 
cultured endothelial cells and a green monkey kidney 
cell line. Biochim Biophys Acru 846: 120-126, 1985. 

12. Ryan US, Lehotay DC and Ryan JW, Effects of brady- 
kinin on pulmonary endothelial cells in culture. Adu 
Exp Med BioI156: 767-774, 1983. 

Biochemical Pharmacology, Vol. 38. No. 4, pp. 6%7M. 1989. 
Printed in Great Britain. 

WO62952/89 $3.00+0.00 
Q 1989. PergamOn P~CS pk 

Decreased selectivity of vasoactive intestinal peptide receptors by GTP 

(Received 4 April 1988; accepted 18 August 1988) 

High-af~nity receptors for vasoactive intestinal peptide 
(VIP) bind neutides structurallv homoloeous to VIP with 
relatively low affinity [l-3}. These peptid& include growth 
hormone releasing factor (GRF), peptide histidine iso- 
leucine (PHI) and secretin. Guanosine triphosphate (GTP) 
and its analogs inhibit VIP-receptor binding and potentiate 
cyclic AMP synthesis in response to VIP [ 1 , &5], suggesting 
a role for GTP-bindina regulatory nroteims) (G-urotein) 
in VIP-receptor regulation. We observed previously that 
detergent-induced disaggregation of a GTP-sensitive, VIP- 
preferring receptor complex solubilized from guinea oig 
iung membranes produces a binding species that is G?? 
insensitive and GRF oreferrina 161. This observation sue- 
gested that a G-protein may in&&e the binding selectiviyy 
of VIP receptors. However, detergents interact intimately 
with integral membrane proteins [7] and may alter the 
binding characteristics of receptors. To eliminate the poss- 
ible confounding influence of the detergent, we have 
measured the effect of GTP on the binding selectivity of 
VIP receptors present in intact lung membranes. 

Materials and Methods 

[ lZsI]VIP. Pure porcine VIP (provided by Dr. S. I. Said, 
Ihinois University, College of Medicine) was labeled with 
[rz51] and purified according to Ref. 8, except that the 
iodination was for 30 set with 25 fig chloramine-T, and the 
purification of l’zsIIVIP was bv reverse ohase HPLC on a 
single NovapakCl8 column (Waters, Milford, MA) to a 
specific activity of 2000 Ci/mmol [8], a value close to the 
maximum specific activity of monoiodinated f’251]VIP. This 
preparation was used routinely as tracer in the receptor 
binding studies. For comparison, some binding assays were 
also performed using [(‘251)-Tyr’o]VIP purchased from 
Amersham, Arlington Heights, IL. 

Lung membranes. Freshly dissected guinea pig lungs 
were perfused (8 ml/min) with about 75 ml Krebs buffer, 
pH7.4, until the tissue became near-white in color [9]. 
The lungs were homogenized twice (30 set, 10,000 rpm; 

Biohomogenizer model 133/1281-O Biospec Products, Bart- 
lesville, OK) on ice in 5 vol. of 10 mM Trizma-HCI, pH 7.4, 
containing 0.25 M sucrose, 1 mM EDTA (sodium salt), 
100 units aprotinin/ml, 100 PM phenylmethylsulfonyl flu- 
oride, and 5 PM pepstatin A (Sigma Chemical Co., St. 
Louis, MO). The homogenate was strained through six 
layers of medical gauze and centrifuged (30,OOfl g, 30 min, 
4”), and the pellet was resuspended to 10-15 mg protein/ 
ml in homogenization buffer, assayed according to Ref. 10. 

[ 3zSI]VZP receptor binding. The membranes (5Opg pro- 
tein in 50 ~1) were incubated (30 min, 23”) with [‘251]VIP 
(100 @, 60-80 PM) in the absence and presence of increas- 
ing concentrations of unlabeled porcine VIP or rat GRF(l- 
44) (50 4; Peninsula Laboratories, Belmont, CA) in poly- 
propylene microfuge tubes previously treated (10 min) with 
&5-&l of assay buffer (l#-mM Trizma-HCl,pH 7.4; con- 
taining 5 mM M&l, and 1% bovine serum albumin). Ter- 

I 

minatbn was by addition of O.Sml of assay buffer, 
centrifugation (12,OOOg, 3min), and aspiration of the 
supernatant fractions. Radioactivity in the pellets was 
determined by gamma spectrometry (Beckman, model 
5500). Saturable binding (a term synonymous with “specific 
binding” in this paper) was the radioactivity displaced 
by a 1 N concentration of unlabeled VIP. Time course 
experiments (not shown) indicated that steady-state satu- 
rable binding of [‘*‘I]VIP was achieved under these 
conditions. To interfere with G-protein : receptor coupling, 
GTP or its nonhydrolyzable analog, guanyl-5’-yl imido- 
diphosphate (GppNHp) (Sigma), was included in the assay 
mixture. K,, and B,, for VIP and GRF were computed 
using the computer programs EBDA and LIGAND (EIse- 
vier Biosoft, Cambridge, U.K.) run on an IBM-AT com- 
puter [II]. & for [‘*‘I]VIP, required for computation of 
K,, for GRF, was determined bv assaving saturable bindine 
at- increasing [ ‘*‘I]VIP concentrations- (5-500 PM). Hii 
slopes close to unity (0.95-l ,002) and linear Scatchard plots 
suggested that the binding of [12sI]VIP was predominantly 
by a single population of receptors with Kd values of 0.38 


