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Fig. S1. TCR/CD3 triggering promotes cyclophilin A association with ZAP70. A-

C. Wild type and ZAP70-deficient (P116) Jurkat T cells were stimulated with OKT3 

mAbs for 1 min. Cell lysates were then subjected to CypA immunoprecipitation and 

SDS-PAGE followed by sequential immunoblotting with anti-ZAP70 (A) and anti-

CypA (B) mAbs and membrane staining with Ponceau S (C). D-F. Jurkat T cells were 

stimulated with OKT3 mAbs for 1 min. Cell lysates were then subjected to 

immunoprecipitation (IP) using anti- ZAP70 mAbs, followed by SDS-PAGE of WCL 

and ZAP70 immunoprecipitates and sequential immunoblotting (IB) with anti-CypA 

(D) and anti-ZAP70 (E) mAbs and membrane staining with Ponceau S (F). C57BL/6J 

mouse spleen (G-I) and thymus (J-L) cells were stimulated with 2C11 (anti-CD3ε) 

mAbs for 1 min and cell lysates were then subjected to immunoprecipitation using anti-

CypA mAbs. Samples of whole-cell lysates (WCL) and immunoprecipitates (IP) were 

subjected to SDS-PAGE under reducing conditions followed by sequential 

immunoblotting (IB) with anti-ZAP70 (G, J) and anti-CypA (H, K) mAbs. Membrane 

staining with Ponceau S (I, L). Molecular weight markers (in kDa) are indicated on the 

left and arrows mark the position of the indicated protein bands. Results are 

representative of three independent experiments. IgH, Ig heavy chain; IgL, Ig light 

chain. 

 

Fig. S2.  The transient association of CypA with ZAP70 is phosphorylation-

dependent and requires the presence of Lck.  A-E. Jurkat and JCaM.1 (Lck-deficient 

Jurkat subline) cells were left unstimulated or stimulated with OKT3 mAbs for the 

indicated time intervals. Cell lysates were then subjected to CypA immunoprecipitation 

and samples (WCL and IP) were subjected to SDS-PAGE followed by sequential 

immunoblotting with anti-ZAP70 (A), anti-Lck (B), anti-CypA (C), and anti-β-actin 

(D) mAbs. Membrane staining with Ponceau S (E). F-I. C57BL/6 mouse spleen cells 

were left unstimulated or stimulated with 2C11 (anti-CD3ε) mAbs 1 min. Cell lysates 

were then subjected to CypA immunoprecipitation and samples of whole-cell lysates 

(WCL) and immunoprecipitates (IP) were extensively washed and incubated in alkaline 

phosphatase buffer in the presence or absence of calf-intestinal alkaline phosphatase 

(CIP) for 1 hr. Samples were then subjected to SDS-PAGE followed by sequential 

immunoblotting (IB) with anti-ZAP70 (F), anti-CypA (G), and anti-pTyr (H) mAbs. 

Ponceau S staining of nitrocellulose membranes (I). Molecular weight markers (in kDa) 

are indicated on the left and arrows mark the position of the indicated protein bands. 



   

  

Results are representative of three independent experiments. IgH, Ig heavy chain; IgL, 

Ig light chain. 

 

Fig. S3. CypA, but not Pin1 PPIase, downregulates the phosphorylation activity 

of ZAP70. A-J. Jurkat T cells were stimulated with OKT3 mAbs for 1 min, 

subsequently lysed, and then subjected to ZAP70 immunoprecipitation. The ZAP70-

containing beads were incubated in the presence of indicated concentrations of 

enzymatically active recombinant human CypA (rCypA) (A-E) or recombinant human 

Pin1 (rPin1) (F-J) for 10 min at 37°C. Samples were then subjected to a radioactive 

ZAP70 kinase assay in the presence of [γ-32P]-ATP. After stopping the reactions, the 

samples were subjected to SDS-PAGE under reducing conditions and transferred to 

nitrocellulose membranes that were developed by autoradiography (A, F) and 

immunoblotting (IB) using anti-ZAP70 (B, G) and anti-CypA (C), and anti-Pin1 (H) 

mAbs. Ponceau S staining of the nitrocellulose membrane (D, I). pZAP70 and ZAP70 

protein band signals were quantified using the ImageJ software, and the relative 

amounts of pZAP70/ZAP70 were presented in a line graph (E, J). K-O. Jurkat T cells 

were stimulated with TPA for 30 min, subsequently lysed, and then subjected to PKCα 

immunoprecipitation. The PKCα-containing beads were incubated in the presence of 

the indicated concentrations of enzymatically active rPin1 for 30 min at 37°C. The 

samples were subjected to a radioactive PKCα kinase assay in the presence of [γ-32P]-

ATP and myelin basic protein (MBP, 5µg) as a substrate. After stopping the reactions, 

the samples were subjected to SDS-PAGE under reducing conditions and transferred 

to nitrocellulose membranes that were developed by autoradiography (K) and 

immunoblotting using anti-PKCα (L) and anti-Pin1 (M) mAbs. Ponceau S staining of 

the nitrocellulose membrane (N). pMBP and MBP protein band signals were quantified 

using the ImageJ software, and the relative amounts of pMBP/MBP were presented in 

a line graph (O). Data are representative of three independent experiments. Molecular 

weight markers (in kDa) are indicated on the left and arrows mark the positions of the 

indicated protein bands. IgH, Ig heavy chain 

 

Fig. S4. CypA downregulates ZAP70-mediated substrate phosphorylation. A-H. 

Jurkat T cells were stimulated with OKT3 mAbs and for 1 min, subsequently lysed and 

then subjected to ZAP70 immunoprecipitation. The ZAP70-containing beads were 

incubated in the presence of the indicated concentrations of enzymatically active 



   

  

recombinant human CypA (rCypA) for 10 min at 37°C (A-D), or with 4 μg/ml of rCypA 

for indicated time intervals (E-H). Samples were then subjected to a ZAP70 kinase 

assay in the presence of a ZAP70-specific substrate, cytoplasmic fragment of band 3 

(cfb3), and [γ-32P]-ATP. Sample proteins were then resolved by SDS-PAGE under 

reducing conditions, transferred to nitrocellulose membranes, and developed by 

autoradiography (A, E) and immunoblotting (IB) using anti-ZAP70 (B, F) and anti-

CypA (C, G) mAbs. Ponceau S staining of the nitrocellulose membrane monitored the 

equal use of anti-ZAP70 Abs (IgH, Ig heavy chain) and cfb3 (D, H). pcfb3 and cfb3 

protein band signals were quantified using the ImageJ software and the relative amounts 

of pcfb3/cfb3 were presented in a line graph (I, J). K-O. Jurkat T cells were stimulated 

with OKT3 mAbs for 1 min and cell lysates were then subjected to 

immunoprecipitation using anti-ZAP70 mAbs. The ZAP70-containing beads were 

resuspended in [γ-32P]-ATP-containing ZAP70 kinase reaction mixture and incubated 

for 10 min at 37°C. Reactions were stopped by boiling for 5 min. The samples were 

spun down and supernatants containing the soluble inactive 32P-labeled ZAP70 were 

transferred to new tubes to which rCypA (4 μg/ml) was added for the indicated time 

intervals at 37°C. Samples were then subjected to SDS-PAGE under reducing 

conditions and transferred to a nitrocellulose membrane that was developed by 

autoradiography (K) and immunoblot (IB) using anti-ZAP70 (L), and anti-CypA (M) 

mAbs. Ponceau S staining of the nitrocellulose membrane monitored the usage of equal 

amounts of anti-ZAP70 mAbs (N). Phospho-ZAP70 (pZAP70) and ZAP70 protein 

band signals were quantified using the ImageJ software and the relative amounts of 

pZAP70/ZAP70 were presented in a line graph (O). *A control sample in which 32P-

labeled ZAP70 was incubated with rCypA storage buffer for 10 min. Molecular weight 

markers (in kDa) are indicated on the left and arrows mark the positions of the indicated 

protein bands. Data are representative of three independent experiments.  IgH, Ig heavy 

chain. 

 

Fig. S5. The association of CypA with ZAP70 and their colocalization on the 

membrane of TCR/CD3-stimulated T cells is inhibited by CsA. A-D. Jurkat T cells 

were cultured in the presence or absence of cyclosporin A (CsA; 5 μg/ml) for 24 h. 

Cells were then left unstimulated or stimulated with OKT3 (anti-CD3) mAbs for 1 min 

at 37°C and subsequently lysed followed by CypA immunoprecipitation (IP). Proteins 

of WCL and immunoprecipitates were resolved by SDS-PAGE under reducing 



   

  

conditions followed by sequential immunoblotting (IB) with anti-ZAP70 (A), -CypA 

(B), and -β-actin (D) mAbs. (C) Membrane staining with Ponceau S. Molecular weight 

markers (in kDa) are indicated on the left and arrows mark the position of the indicated 

protein bands. IgH, Ig heavy chain. E. CsA-treated or untreated Jurkat T cells were 

either left unstimulated or stimulated using OKT3 mAbs for 1 min at 37°C. Fixed and 

permeabilized cells were then incubated with rabbit anti-CypA and mouse anti-ZAP70 

mAbs, followed by immunostaining with Alexa Fluor 488-conjugated anti-rabbit and 

Alexa Fluor 546-conjugated anti-mouse Ig Abs and counterstained with DAPI. The 

cells were analysed using a confocal laser microscope. Scale bar equals 10 μm; inset, 2 

μm. Results are representative of three independent experiments.  


