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INTRODUCTION IN VIVO VS. IN VITRO KINETICS BRIDGING THE ITAM PAIRS

Mast cell degranulation requires trans-autophosphorylation of spleen tyrosine kinase Membrane-localization lifetimes in A ——— B ——— Cs — The presence of pairs of ITAMs Model D
: 1 1 1 1 [ Schwartz, et al. [ Schwartz, et al. 9 ' . . .
(Syk), which occurs in antigen-induced IgE receptor aggregates. Syk binds the mast cells for WT and YE Syk are - ol 5 5| (common in immune receptors)
receptor’s y-chain on its immunoreceptor tyrosine-based activation motif (ITAM), longer (A) and the ratio is smaller 2 g could also influence lifetimes
which contains two conserved tyrosine residues that bind to Syk’s tandem SH?2 (B) in vivo than predicted by Feng @15 é %4'
. o -
df)n.lams. Recel.ntly., a n.luta.nt form of. Syk (Y130E, or Y.E), h.as be.en sh.owr} to have & Post. _%1 | 8 % 3/ YE Syk is presumed to be better at o |y
distinct ITAM-binding kinetics from wild-type Syk, allowing direct investigation of the e w 8 .y . .
. T . . : = > £ 2 bridging due to an increase in
impact of Syk-ITAM association lifetime on downstream signaling (Schwartz, et al., in , , E o . :
. . . . . Key  tyrosine residues are 05| = > 1| uncoupled motion of its SH2 oY By

prep). Here, we analyze a series of models to investigate physically feasible . , - .

. . . . . 3y . differentially phosphorylated on = domains (Feng & Post, 2015)
mechanisms consistent with existing data, and posit that the pairing of ITAMs in 0.0 0
. . . . these two forms of Syk (C) YE WT Y317 Y342 Y525/6 - _ | _
immune cell receptors may play a key role in the kinetics of Syk phosphorylation. Traditional View C-C bridge N-C bridge

We added more mechanistic detail to Model C using

the BioNetGen rule-based modeling language 200000

A model with bridging (above), can generate

Syk
Y317 V342 veos 11, ~ (Chylek, et al. 2014) to include Y317 and Y525/6 3 150000 an ensemble of models whose mast cell
KIN ETIC PROOFREADIN G ololiioiciiiolo ] ITAM (left). ?El lifetimes are within 20% of the in vivo values
Y05 Y76 9 — WT (r = 2.17) using the Feng & Post kinetic parameters (left).
Mode| A cSH2| [nSH2] | o)) | (o)) S 0.6 I Sanderson, et al. = 100000 - — YE (t = 1.60)
L 1 J B o5 I Model C (extended) E .
Exo,t Fon,+ < X 50000 1ol WT:YEpY3a2
£ 0 B N-pYp——{C-pY N = [N-pYp——C-pY N [Nopy—Copy Sanderson, et al. (2010) observed differential = o . T — _S 7 10°|
2 i ’ i £Z03 0 2 4 6 8 10 ®O |
s | fractional phosphorylation of these residues upon S : &3
S 0.6|- — WT Syk Feng & P d the kinetics of " inase inhibi T Time (s) -
3 061 g ost measured the kinetics of two- addition of Syk kinase inhibitor. Our extended 23 0.2 cg 10
§0_4_ point attachment between Syk and an Model C is capable of reproducing these results 2 §. >
5 = ITAM peptlde We used this information (I'lght) E 0.1 With distinct autophosphory}ation -g 5 1072
£ 0.2 (model A) to calculate lifetimes of “ o0 efficiencies for bridged and single-ITAM 2.0
I iati ' Y317 pY342 pY525 o - £% 107
o association (1, see below table) P P P bound Syk, the bridging model achieves 3 ©
Y R a 5-fold change in phosphorylation with 104!
Time (s) at least 0.1% active Syk. 10° 10° 10° 107 10° 10°

Autophosphorylation
efficiency (single)

o . Model B LIMITS OF PROOFREADING
Simplification to a one-step binding

mechanism (model B) does not ‘ ; 10
significantly change the lifetime @ @ kNG, +P \ d@ A 5-fold change with at least 0.1% Syk activation

\ . ast oo oykadivation N=2 CONCLUSION
ken, —-(1—p) using the mast cell lifetimes in a kinetic 6 8| N=3
M d 1 (WT) (YE) N—pY C—pY ’ N—pY C—pY -‘: _
0de T T proofreading model requires at least 5 S N=4
two-step  0.52 s 0.052 s = koN+ modification steps (left). It is unclear what these '§ 6/ :iio - We present an alternative hypothesis explaining how a 30% reduction in lifetime might
one-step  0.53 s 0.048 s kon,+ + kne,— 5 steps would be in a physical context x | B result in a 5-fold change in downstream phosphorylation events. Kinetic proofreading
n 4 models show a greater capacity for distinguishing between WT and YE Syk lifetimes
e8]
: : WT:YE pY > 1tati I
We can estimate the ratio of WT to YE Syk 10— WT:YEp 1.8 s than Ir.lod.el C. However, n}odel .C can reproduce qualitative phésphorylatlon
phosphorylation with a simple kinetic m 3 | ll 7 S dynamics in the presence of kinase inhibitor and WT:YE phosphorylation ratios for
= | :
c | ] . .
proofreading model (McKeithan, 1995) . N . = 107 — 16 ol ] Y317 .and Y525/6. Th.e 5 fold decrease in YE Syk phosphorylation on Y342 carmo.t be
0 | 10 100 10 10= 10 10 explained with our existing understanding of the system. However, if Syk can bridge
- 11.5 Active WT Syk (copies) , , , . ,
_— f ] . . m S 100! 14 ITAM pairs, as in model D, we can reconcile all data (including the apparent
N is the number of proofreading steps, x; is , , , O | ' . discrepancy in lifetime measurements from Schwartz, et al and Feng & Post). Since our
some chemical species that can be modified, o - > >IN 3 1.3 Model C, analogous to a 3-step proofreading model . s .
m . , , argument depends on the proximity of ITAMs, we expect that quantitative experiments
and xy is the active form (right). 910? 1.2 and modified to use parameters consistent with o how Svk bhosohorvlat . 4 hosoho  TAM densi 1 »
Th o of , h he 1/ : 3 . , examining how 5yK phosphorylation varies with phospho- ensity will provide
e ratio of xy to x’n, where the x° species m 1.1 lifetimes from Schwartz, et al. (in prep), cannot evidence for or aeainst our vredictions
. have faster conversion to x’ (shorter Q o2l IR I L EN produce a 5-fold change in phosphorylation. 5 P '
10— lifetime), decreases with the total number of 10 10 10 10
c active xy or x'n (left, red and blue). Autoph;;.ghorylatlon _
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@ | | a pseudo-first order rate parameter: the . . e © |
X ‘ b . . . b The vertical lines are the mast cell lifetimes of >3 | | 1100000 . Chylek, L. A., et al. (2014). Rule-based modeling: a computational approach for studying biomolecular site
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