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Abstract

Mast cells and basophils depend on aggregation of the high-affinity IgE receptor, FceRl, to
initiate secretion. A variety of studies have shown that FceRI densities vary 100 fold among
subjects’ basophils and it has been speculated that high densities might be responsible for
unusual behaviors of the cells, notably sensitivity to certain monomeric IgE antibodies or
spontaneous release. These studies experimentally examined the density dependence of
spontaneous release and signaling element expression in subjects’ basophils with FceRlI
densities ranging from approximately 6000 to 600,000 per cell. Through the use of numeri-
cal simulation, this study examined the expectations for spontaneous receptor aggregation
and aggregate persistence at densities of FceRI ranging from 5000 to 500,000. Experimen-
tally, FceRI density was not associated with greater spontaneous histamine release even
when secretion was enhanced by the inclusion of deuterium oxide in the buffers. There was
also no association of 15 activating or de-activating signaling elements with FceRI density.
The numerical simulations demonstrated that at densities of ~500,000 receptors, 13% of
receptors were involved in transient aggregates at any given moment but that these aggre-
gates rarely persisted for greater than 10 milliseconds. In contrast, a weak linear antigen
aggregator, with ligand affinities known to induce secretion, would generate aggregates per-
sisting for an average of ~60 milliseconds. These results suggest that although a high den-
sity of FceRl likely produces a large number of transient aggregates, these aggregates do
not persist long enough to induce signaling that results in secretion and do not induce the
cells to alter their expression of several signaling elements known to be important in regulat-
ing secretion from human basophils. The results set some boundaries on the aggregation
requirements for inducing histamine release from human basophils.

Introduction

Allergic reactions result from the IgE-mediated (immunoglobulin E) activation of mast cells
and basophils. These cells express high affinity receptor for IgE (FceRI) and bound IgE confers
on these cells the ability to sense the antigenic environment of the cells. A remarkable feature
of FceRI expression on basophils and mast cells is the range of possible expression. After syn-
thesis and placement on the cell surface, the residency time of the unoccupied receptor is rela-
tively short; 50% are returned to the inside of the cell every 24 hours. Some of these might be
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recycled to the cell surface but many are degraded. However, as near as can be determined, if
FceRI binds IgE, it will never leave the cell surface, provided aggregation doesn’t occur. This rela-
tionship between IgE and the stability of expressed FceRI produces some remarkable levels of
FceRI expression. The steady state density of FceRI in the absence of IgE is approximately 5000-
10000 per cell (a number which is dependent on the synthetic rate) [1]. With very high IgE con-
centrations (> 50 pg/ml), FceRI densities have been observed as high as 1 million per cell [2].
The average atopic subject has basophils expressing 250,000 per cell [3]. It is not difficult to imag-
ine that signal transduction pathways have to adapt to the extreme range of surface expression.
The specific reason is that this is a receptor that depends on aggregation to initiate signaling.

Fig 1 shows what the surface of a hypothetical cell would look like solely from the perspec-
tive of the IgE bound FceRI. The radius of gyration for the IgE molecules is approximately 65
angstroms [4]. With a simple circle to represent the sweep of the IgE molecule as it rotates
around its center of mass, Fig 1 uses the small black circles to represent this sweep radius for
bound IgE. The image represents a 1 um “square” on the surface of the idealized spherical cell.
The reality is considerably more complicated since cells have numerous folds increasing the
surface area of the membrane but also having restricted zones through which receptor-bound
IgE does not traverse [5]. So the idealized sphere is a rough approximation of the accessible
membrane of a 10 um diameter cell. Fig 1A shows a density of 5000 per cell while Fig 1B shows
a density of 500,000 per cell. What is immediately evident with a random placement of IgE/
receptor at this latter density is that there are many spontaneous aggregates in this simple static
image (Fig 1C, green circles). When this image is set in motion, assuming Brownian motion
for the receptor moving in the plane of the plasma membrane, it becomes obvious that random
associations are frequent but transient. The question is whether these transient associations
are capable of inducing meaningful signaling and how many are required to matter.

Regarding whether the spontaneous aggregates might matter, there are a variety of experi-
mental results that provide some context for the question. Another property of FceRI biology
is that while some form of aggregation is required to initiate signaling, it doesn’t have to be a
physical crosslink [6-8]. Simply increasing the local density of the receptor is sufficient to
imbalance what appears to be a finely tuned balance of phosphorylation and de-phosphoryla-
tion reactions that are constantly present on the inner membrane near the receptor [9, 10]. In

. CQ H . LI e *eo
. e ® o0 . o ®o . 'Y O A e » &
L LB Q2 0 & © P e conce o ® o s pp oS0 ? LA
. L] b ()
. . . g e °
. '-: . :o'..‘ of - See 2 o oee . < o '_,x. % 5 L] L4 .' ee®
o, o.o. :. . el o . o K] < o LAY L4 = .. 'y A ° :
0% %% te, ..': ..l.‘. oe 2 00 . TR '0.6’ \'. $ &N° OE gl
e, ® D) Q o . co_ ® e De o
.~-~-.‘: . e q, ..:~.. cetig ;J. © e . ° '05.. ®e® ¢
Ve o, 08 e . L S0 Y . ®e ¥ 0 0 . o 0 oft
° - Y ° ° . O ° L) e ® .
o o LY o LY 4 Q . ¢ . oa” .0 © N < K4
% o eo v ® DR o O . ‘;.o « > o %ee L Ne o o e «
L ¢ S5 0O e P Oq “ 3 O O e o C,
s S R . va f e 0 o5 {HUos )
0 0 00% 0 W xp,F o Bo o 00 o %o oo & o
. o° O . o o 0 2® p O ® oo o %o
G X0 o o0 0 o DN 4 L4 >, 00 0,0 >
. O 00 . . - (] o 2 rd . . (SN . e '] °
rx 0 o oSs'e e e 7 o o = L
sil s e P30 B O D o C0 0 o8 a8 Gtyn g B0 P onSYy
L OO0x 8 S& e _°® . o © 4 v e i L) 9l_ °® ‘. * o4 ° °
.o & o looy . ) L AR e se .
° o g . “d o oo 9 @ (Y o~ 2
%% o o A 4 o o 0 . o . 9 4 o o » €
. r ) ...o“o . (1% o.:.. [) Y 0® e . e 4 ..
. . O ..0 A s - [ 1) . .0 ® O-© YO0
o o° o eelt e i & . o0 > g o é 2
o . Chd >
4 - o o o 5 ° Y (] Y o ¢ )
* o° e’ o % S > _ 9 (O O s
P © : .. o.' . oo i o . e o o e : ‘.. §e° .. ) A O A PPy ..’ 3
e o . * . . e o ® 0
o 20 > ) e . _ L4 2% e e ° .. e 0. S Ll S ]

Fig 1. Representation of an “over-head” view of receptor density and associations. Each “dot” represents the radius of gyration of a surface IgE
molecule. Panel A; density of 5000/cell. Panel B; density of 500,000/cell. Panel C; density of 500,000/cell where green dots represent IgE-FceRI molecules
in close enough proximity to be considered a potentially functional aggregate based on published studies.

https://doi.org/10.1371/journal.pone.0179734.9001
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addition to not requiring physical crosslinks, the distance between nearby receptors can be
quite large [11]. Some studies have suggested that 200 nm is still considered “adjacent” from
the perspective of the signaling steps that follow. In contrast, there are also indications that
stronger signals result from closer proximity [12]. These kinds of results have implications for
the question about spontaneous aggregation.

The question of transience is a harder to answer but two experimental observations provide
some insight. First, the signaling cascade actually has differential sensitivity to the transience
of the aggregate depending on the readout of activation being assessed. Notably, extremely
weak crosslinkers can still drive a signaling reaction that results in gene transcription while not
leading to degranulation [13]. A second set of observations relates to studies in which bivalent
haptens were used to initiate a crosslinking reaction. For human basophils, the cells were sensi-
tized with a penicillin (BPO)-specific IgE and stimulated with bivalent penicillin (two benzyl-
penicilloyl groups linked by a 6 or 8 carbon chain aliphatic molecule). This stimulus generates
linear chains of aggregates although the evidence suggests that simple dimeric aggregates are
the predominant size formed [14-16]. Calculations based on the affinity of IgE for the BPO
moiety suggest that a singly bound BPO2 to a BPO-specific IgE molecule has a T1/2 for persis-
tence of 70 msec and when both BPO ends of BPO2 are involved in a crosslink, the linkage
breaks with a time constant of approximately 300 msec [4, 15]. That said, it is not explicitly
known what duration is necessary for a functional crosslink but BPO2 does induce histamine
release and for the basophils of some subjects, histamine release is marked. In some individu-
als, fewer than 50 BPO-specific IgE cell surface Abs that form long-lived stable complex aggre-
gates (e.g., with a multivalent BPO-HSA (human serum albumin) as the antigen) are sufficient
to drive histamine release [17] while for a stimulus like BPO2, 500-1000 are required [18]. But
since basophils may have hundreds of thousands of receptors, this represents a small fraction
of what could be available. Addition of monovalent BPO-FLYS (BPO coupled to formyl-lysine)
to an ongoing BPO2-initiated reaction stops the reaction as rapidly as adding EDTA [15] to
starve the reaction of extracellular calcium needed for the activation signal. The BPO2 reaction
also re-equilibrates rapidly, within seconds, even without the addition of BPO-FLYS [15].
These observations suggest that the duration of the aggregate need not be very long.

Therefore, if the juxtaposition of FceRI molecules need not be very long or close, the ques-
tion becomes, how dense do the receptors need to be to initiate spontaneous signaling? This
issue may have been inadvertently addressed in studies purporting to show that monomeric
IgE can induce secretion [19]. Many subsequent studies have explored this unexpected obser-
vation. The bottom-line is that there are some IgE molecules that when bound to FceRI, induce
signaling while others do not [20, 21]. The current thinking is that this happens with higher
FceRI densities and possibly by a weak (or strong as in the case of the monoclonal murine IgE,
SPE?7) interaction of the IgE to each other or other cell surface molecules [21, 22]. A theoretical
treatment of the problem by Pecht et al [23] explored the fraction of receptors that might be
considered spontaneously aggregated as a function of surface density.

Methodology for answering the question of transience experimentally has not been devel-
oped. An alternative approach, an aggregation simulation model, was used to explore the
potential for long duration spontaneous aggregates.

Experimental methods
Subjects & ethics

Leukapheresis donors are approved by protocols obtained by the leukapheresis center and the
cells used for purification of basophils are considered a residual waste product. The protocol
for obtaining blood from the subjects that were not processed with leukapheresis was approved
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by the Johns Hopkins IRB and the donors provided a written approval of a consent approved
by the same IRB. This specific study was encompassed by the above approvals. Written con-
sents are saved as part of the standard record keeping for IRB-approved studies.

Materials

The following were purchased: PIPES ((piperazine-N,N-bis-2-ethanesulfonic acid), bovine
serum albumin (BSA), EGTA, EDTA, D-glucose, NaF, Na4P207, Na3VO4, 2-ME, NP-40,
FMLP (Sigma, St. Louis, MO); crystallized human serum albumin (HSA) (Miles Laboratories,
Elkhart, IN); fetal calf serum (FCS) and RPMI 1640 containing 25 mM HEPES and L-gluta-
mine (BioWhittaker, Walkersville, MD); Percoll, (Pharmacia, Piscataway, NJ); Goat anti-
human IgE Ab was prepared as previously described [17].

Buffers

PIPES-albumin-glucose (PAG) buffer consisted of 25 mM PIPES, 110 mM NaCl, 5 mM KCl,
0.1% glucose, and 0.003% HSA. PAGCM was PAG supplemented with 1 mM CaCl2 and 1
mM MgCl2. PAG-EDTA consisted of PAG supplemented with 4 mM EDTA (ethylenediamine
N, N, N’, N’- tetraacetic acid).

Histamine release reaction

Blood was partially enriched for basophils using single-step Percoll gradients. After washing to
obtain a mononuclear cell preparation, cells were resuspended PAGCM buffer (to assess hista-
mine release). Total histamine content was obtained by lysis of the cell preparation with 1.6%
perchloric acid. These experiments included two types of spontaneous release assessments.
The standard measurement is in PAGCM buffer without stimulus but a second measurement
included 44% deuterium oxide to replace the water in the PAGCM. D20 (deuterium oxide) is
known to enhance secretion of any type of stimulation [24]. Histamine release was calculated
as (stimulated release-spontaneous release)/total histamine content.

Histamine measurements

Histamine was measured by automated fluorimetry [25]. The percentage of total histamine
release was calculated after subtraction of spontaneous histamine release.

Basophil cell surface IgE measurement

On a separate occasion, basophils from the same subjects were analyzed for cell surface total
IgE using acetate elution. An aliquot of cells was used to determine the total basophil count by
alcian blue staining and the remaining cells were treated with acetate buffer, pH 3.7, to dissoci-
ate endogenous IgE. The recovered supernatant was neutralized to pH 7 and IgE concentration
measured by a total IgE assay (immunoCap). A calculation of the number of IgE molecules
present and the cell number allowed the cell surface IgE density to be determined [26]. As de-
scribed previously [27], calibration of the antibody (22E7) used to detect FceRI by flow cytom-
etry involved a comparison of flow cytometric results with explicit measurement of IgE eluted
from a counted number of basophils. The flow cytometric results were then equated with this
measured density of IgE/basophil.

Basophil purification

Basophils were purified from leukapheresis packs or from blood obtained by venipuncture.
When used at high purity, they were purified to near homogeneity by sequential application of
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Percoll gradients, countercurrent elutriation and negative selection using the basophil purifi-
cation kit (Stem Cell Technologies, Vancouver, BC) and columns from Miltenyi Biotec
(Aubum, CA) [28]. The average purity of these basophils by alcian blue staining [29] was 99%.
Starting viability of these cells was typically >97%.

Calibrated Western blots

These methods and a presentation of example blots from these studies have been previously
published [30]. All sampling was based on lysing equivalent cell numbers as this approach
removed the assumption that cells from different subjects would contain either equivalent
amounts of total protein or equivalent amounts of a reference protein (e.g., actin; normalizing
to protein is traditional but not appropriate when there is no a priori knowledge about the
assumption of equivalence). The purified basophils were counted and 300,000 pelleted cells
were lysed in 20 pl of hot ESB, the tube placed in boiling water for 5 minutes and the samples
stored at -80°C until electrophoresis. When 6-8 samples were accumulated, they were run in a
15 well 8% tris-glycine gel with molecular weight markers in the first and last lanes. After
blocking, the nitrocellulose was cut horizontally at the 98 kD marker level. The >98 kD and
<98 kD portions were blotted on two or three successive days with a choice of antibodies that
did not interfere with each other. No stripping step occurred between blotting. Many of these
antibodies produced single bands at the loading levels in this study so that they do not interfere
with each other. In addition, in the successive blotting, the antibodies were chosen to be pro-
gressively more sensitive detectors so there is little evident cross-over of information between
measurements. Each Western blot included a three point standard curve of a basophil lysate
prepared prior to the survey (aliquoted and stored at -80°C) to bracket the range of expected
expression for each of the elements tested. Multiple film exposures were made in order to opti-
mize linearity, the films were digitized and the band intensities calculated against the standard
curve [30].

Simulation methods

To make predictions about the number and duration of spontaneous aggregates, a simulation
of IgE/receptor associations with or without physical linkers was developed. The supporting
information contains a detailed description of the methodology as appendix 1 and the relevant
code framework file (S3 File) for the simulation.

Experimental results

It is reasonable to suggest that the resting mechanisms of regulation of secretion may need to
track with the receptor density in order to not allow spontaneous, non antigen-induced, secre-
tion. A starting point for determining if receptor expression has an impact on function was to
determine whether there was spontaneous secretion that was dependent on the density of
FceRI. This was done in 4 separate surveys. In two of these surveys, spontaneous secretion was
assessed in normal buffers and in buffer replacing 44% of the water with deuterium oxide.
This substitution is known to significantly augment secretion, even without stimulation [31].
Fig 2 shows one of the surveys to illustrate the results. Table 1 summarizes the correlations for
the 4 surveys. With one exception, there were no statistically significant correlations. The
inverse correlation observed in survey 2 was puzzling since samples from the same experiment
stimulated in D20 did not show a correlation. Taking into account that 5 of the 6 correlations
were not significant, it seems likely that there is no relationship between FceRI density and
spontaneous release.
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Fig 2. Correlations between FceRl density and in vitro spontaneous histamine release from human basophils. Panel A, normal buffer; Panel
B, D20 in buffer. (Some experiments in this survey did not include D20).

https://doi.org/10.1371/journal.pone.0179734.9g002

If spontaneous secretion is not dependent on receptor density, there may be changes in sig-
naling elements that maintain a quiescent state. A first look at this issue was whether periph-
eral blood basophils (PBB) cultured in IL-3 or CD34-derived basophils (CD34B) cultured in
IL-3 and assessed for changes in signaling species show changes related to changes in FceRIL.
Two kinases that can be shown to increase the signaling and secretion of basophils are the src-
family kinase, lyn, and syk [32]. However, despite a 4 fold increase in receptor (induced by cul-
ture with IgE), neither lyn nor syk increase in cultured PBB or CD34B (Fig 3).

A survey of the natural distribution of several signaling elements in subjects’ basophils
across a spectrum of IgE densities did not reveal marked differences at the high and low end of
the density spectrum for FceRI. Table 2 shows the results for a range of 35,000 to 572,000
receptors (n = 7) for syk and Table 3 summarizes the results for other signaling molecules (see
also the supporting information for detailed information for each of the elements shown in
Table 3). The results for PLCgl were suggestive of a relationship so this particular species was
re-examined in a separate survey of 8 subjects with a receptor range of 8600 to 124000 recep-
tors per basophil. In addition to PLCg], the negative regulator cbp/PAG was examined; neither

Table 1. Summary of correlations for FceRI density vs. spontaneous release.

R n P
Survey 1 0.03% 20 0.89
Survey 1 (D20) -0.17 14 0.55
Survey 2 -0.59 32 0.0004
Survey 2 (D20) -024 32 0.18
Survey 3 -0.28 30 0.14
Survey 4 0.22 13 0.48

2See S2 File for the data that led to these statistics.

https://doi.org/10.1371/journal.pone.0179734.t001
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https://doi.org/10.1371/journal.pone.0179734.9003

signaling element showed a correlation with receptor density (PLCgl: R =-0.48, p = 0.24, for

cbp/PAG: R =-55, p = 0.15).

It is also possible to derive a small amount of data from recent studies examining the change
in FceRI expression during treatment of patients with omalizumab. Only 4 signaling species

Table 2. A single example of FceRI expression vs. syk expression (in units of Western blot standard).

FceRlI log(FceRl) Syk
35000 4.54 0.444
40000 4.60 0.954
44000 4.64 0.101
65000 4.81 0.276
150000 5.18 0.360
165000 5.22 0.076
572000 5.76 0.219
https://doi.org/10.1371/journal.pone.0179734.t002
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Table 3. Pearson R for each element vs. FceRl; all p>0.05.

Element N R
syk® 7 -0.302
Lyn 7 0.522
p85a 7 0.387
Fyn 6 0.510
p110d 6 -0.145
btk 6 -0.071
PLCg2 6 -0.006
PLCg1 5 -0.819
S0S82 5 -0.474
BOB1 5 -0.510
CIN85 5 -0.666
SHIP1 7 0.270
SHIP2 7 0.530
c-chl 7 0.182
PTEN 5 -0.298
SHP-1 5 -0.195

2See S3 File for the data that led to these statistics.

https://doi.org/10.1371/journal.pone.0179734.t1003

have been examined in peripheral blood basophils, syk, lyn, c-cbl, and cbp/PAG (the syk and
c-cbl data have been reported previously [33], indeed, the syk results have been observed in
multiple studies [26, 34]). With a reduction in receptor to 16% of pre-treatment levels, there
were no changes in c-cbl [33], lyn, or cbp/PAG (the latter two were 1.05+0.07 and 1.06+0.08 of
pre-challenge levels) but there was a average 2-fold increase in syk [33].

Simulation results

To provide a context for the lack of a relationship between receptor density and spontaneous
secretion, a simulation of the generation of spontaneous aggregates was performed. For compara-
tive purposes, a related simulation examined the persistence of clusters forming in a reaction with
a small bivalent hapten, a ligand that has been demonstrated to induce secretion. The supporting
information describes the results of the simulation in detail. The general conclusion is that while
very large numbers of spontaneous aggregates form at high receptor densities—at 270,000 recep-
tors/cell, 10-20% of the receptors can be involved in an cluster (see S1 File, and S1 Fig)-the aver-
age lifetime of such clusters is much shorter (no lifetimes greater than 15 msec and most < 2
msec) than clusters that form during a crosslinking reaction (> 50 msec, see S6 Fig) even if the
crosslinker has relatively fast dissociation constants as modeled in the simulation.

Discussion

These studies were motivated by the observations in murine mast cells that a monomeric-
bound IgE could induce secretion. Although this observation is largely restricted to murine
mast cells sensitized with only a few specific murine IgE antibodies (so-called cytokinergic
Abs), an interesting issue was raised regarding the impact of high densities of FceRI on sponta-
neous activation of basophils or mast cells. With a 100-fold range of FceRI expression, it would
be surprising if the cells didn’t accommodate the signaling apparatus for conditions that might
lead to a great deal of spontaneous aggregation. One can only speculate on the precise reason
basophils and mast cells accumulate so many FceRI. One plausible explanation is to prevent a
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parasite from inducing nonspecific IgE as a defense against specific IgE-mediated secretion as
part of the host rejection mechanism. Whatever the reason, the large up-regulation presents a
potential problem for the secretory apparatus.

The simulations demonstrate that at the highest densities of FceRI that are observed in indi-
viduals with high IgE levels, there are a considerable number of spontaneous aggregates pres-
ent. As noted previously, a variety of studies have suggested that juxtaposition need not be
close [11] but it does appear that some stability of the aggregate is required for a full secretory
reaction [35]. Short-lived aggregates may nevertheless induce partial cellular responses, nota-
bly the transcriptional regulation of cytokine or chemokine secretion [13]. The simulation sug-
gests that aggregates that persist for greater than 10 milliseconds are rare even at high densities
and in this context, even a weak crosslinker performs much better, producing aggregates that
persist for 50-100 milliseconds. Since published studies show that these weak crosslinkers, e.g,
BPO2, or DNP2, induce secretion [14, 17, 36] while cells that express high densities of FceRI
do not show spontaneous release that is related to FceRI density (this paper’s results), we con-
clude that for secretion to occur, aggregates must persist for times exceeding 10 milliseconds.

The experimental findings show that there was no relationship between FceRI density and
spontaneous histamine release + deuterium oxide. In other studies we have shown that there is
also no relationship between cellular sensitivity (the number of IgE molecules needed for a
half-maximal response) or maximum histamine release [2]. In other words, there is no indica-
tion that the high densities shift the balance of reactions in any particular direction.

The observation that there is no relationship between FceRI density and spontaneous
release might suggest that the cell uses counter-balancing mechanisms to keep activation in
check. One way to counter-balance the increase in receptor is to down-regulate activating sig-
naling steps. Alternatively, up-regulation of termination mechanisms could suppress sponta-
neous activation. We found no evidence for either of these changes in the molecular species
that have been studied in basophils and shown to be participatory during IgE-mediated activa-
tion and de-activation. However, the list is short and there remain many other signaling spe-
cies that would need examination.

In addition, there is no a priori reason that any single signaling element might show a corre-
lation with FceRI density. It may be that the entire signal element network adjusts such that
only small increments of change occur for any one element. With this in mind, a simple calcu-
lation was performed on the data set used for the results in Table 2. After normalizing all
results (each level of expression was recast as a fractional standard deviation from the mean for
a particular element), all known activating elements were summed and from this was sub-
tracted the sum of all known terminating elements (the reasoning being that an inverse corre-
lation would occur for positive elements and positive correlation for negative elements) and
the synthesized aggregate of all these elements compared with the receptor density. This was
done for 15 elements and the result was a correlation of 0.86 (p = 0.045, n = 5 donors) was
obtained against receptor expression (or R = 0.83 against log[receptor], p = 0.065). Strictly
speaking, this one model was only one of 230 possible models for 15 signaling elements and
if this manipulation were generalized then the p-value that would be considered significant
would need to be Bonferonni adjusted by 2430 and this clearly will never result in a statistically
significant result when n = 5-7. Nevertheless, a general answer to the question of whether sig-
naling elements adjust their expression according to receptor density cannot escape the need
to consider the entire relevant network of elements.

In a limited pilot study of 2 patients treated with omalizumab and 2 treated with placebo,
there were no notable changes in the transciptome of basophils that experienced both down-
regulated FceRI during treatment and up-regulated syk expression relative to the placebo-
treated group (unpublished results). Notably, there were no changes in mRNA expression for
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a wide variety of expressed signaling species. What is notable from studies of omalizumab
treatment is that omalizumab does down-regulate FceRI expression while up-regulating syk
expression [33]. This would suggest a link between FceRI density and syk. However, this link-
age is likely distinct from what we are searching for in these studies. The reason is that down-
regulation of FceRI always occurs, and to similar extents during treatment but up-regulation
of syk does not, only occurring if syk expression was low prior to treatment. This observation
de-links the two events from the kind of regulation strictly related to receptor changes. Despite
the dramatic change in receptor expression, there is little beyond syk expression that has been
observed to change in the signaling apparatus. Three other relevant species have been exam-
ined, lyn,cbp/PAG, and c-cbl [33] and one of these change during omalizumab-mediated
down-regulation of FceRI.

Even though the persistence of spontaneous aggregates is short, there are approximately
100,000 of them at any given moment on basophils with 500,000 receptors. It remains some-
what surprising that there is no notable consequence to this situation. Perhaps the fact that
FceRI has no intrinsic enzymatic activity allows the system to behave this way [9]. It would be
easy to imagine that if it did have kinase activity, e.g., like EGF receptor, that density swings
this wide would need to invoke a change in the signaling apparatus. But if the proximal
kinases, such as lyn, fyn or syk, do not change their expression levels while FceRI increases or
decreases, perhaps this acts a buffer for these changes. The chemical reaction would still be
driven more strongly towards early activation events but without significant persistence, and
perhaps with little hysteresis in returning to the “resting” state by termination processes, acti-
vation is blunted sufficiently. Further study of the entire signaling apparatus would be needed
to draw stronger conclusions about the processes involved.

Supporting information

S1 File. Appendix text (PDF). Description of the aggregation simulation.
(PDF)

S2 File. Data used to generate Table 1. Excel spreadsheet.
(XLSX)

S3 File. Data used to generate Table 2. Excel spreadsheet.
(XLSX)

$4 File. Code for simulation. Standard C code; main and model code without user interface
code. To relate line numbers in the appendix to the code in this file, a code editor is needed.

©

S1 Fig. Functions called at each time step of the simulation.
(TIF)

S2 Fig. Determining aggregate persistence. Each IgE molecule was tracked for its association
with an aggregate and marked for size of the aggregate at each cycle. A record for all IgEs at
each cycle was stored and later scanned for each IgE and its status with respect to aggregate
size. If it was marked as in an aggregate of size >2 (the gray zone in Fig 3), then a counter was
started. Once returning to size 1, the counter was stopped and the length of time tallied. The
figures shows one particular IgE for a period of only 15 cycles (750 usec) and it would count 2
events (1 only 50 psec in length and one 300 psec in length and passing briefly through an
aggregate of size 4) and the start of a third event cut short in this plot.

(TTF)
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S3 Fig. Spontaneous aggregation size. Panel A; results of simulation for a 13.5 (filled circles)
and 20.0 (filled squares) nm center-to-center separation distance being counted as an aggre-
gate without regard to size or persistence at a given moment. Panel B; relationship between the
size of the spontaneous aggregate, the number of aggregates and density of FceRI. The num-
bers on the ordinate reflect the total number of aggregates (to calculate the total number of
IgE/receptor involved, multiply by the aggregate size (e.g., a pentamer aggregate = 5 total
receptors involved).

(TIF)

S4 Fig. Spontaneous aggregation persistence. Persistence for clusters/aggregates of any size
larger than monomers for two center-to-center separation distances (circle = 13.5 nm,

square = 20.0 nm). The count is for the number of such clusters for the first 75 msec of the sim-
ulation at a total receptor density of 270,000.

(TIF)

S5 Fig. Concentration-dependence for IgE crosslink formation using a bivalent crosslinker
as determined by the simulation. A single-site affinity of 5x10° M"! was used for the simula-
tion.

(TIF)

S6 Fig. Comparison of persistence times for spontaneous clusters vs. bivalent ligand-
induced crosslinks for a weak crosslinker that is known to induce histamine release. Panel
A, 3 simulations, all at 270,000 receptors/cell, spontaneous aggregates (open squares), an opti-
mal concentration (10”7 M) of crosslinker (black circles), or suboptimal crosslinker (2.5x10™"°
M) (green open diamonds). The histograms on the right edge of the plot show the remaining
number of aggregates at times > 75 msecs. Panel B, 3 simulations, at two different densities of
receptor; spontaneous aggregates at 270,000 receptors/cell (open squares), an optimal concen-
tration (107 M) of crosslinker at 270,000 receptors/cell (black circles), or optimal crosslinker
(1077 M) at 13,500 receptors/cell (green open circles). The histograms on the right edge of the
plot show the remaining number of aggregates at times > 75 msecs. Panel C; 2 simulations, kr
(dissociation constant) = 10 (, as in panel A) or = 100 (green squares) both at 270,000 recep-
tors/cell.

(TIF)
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Appendix: Simulation Methods

To make predictions about the number and duration of spontaneous aggregates, a
simulation of IgE/receptor associations with or without physical linkers was

developed.

Underlying principles of the model

The cell surface was simplified to a flat plane but a plane whose edges wrap to the
opposite edge (functionally, a Euclidean 2-torus). This topology should adequately
mimic a spherical shell without worrying about the calculations using spherical
coordinates. Stochastic motion, binding and crosslinking formed the basis for
simulating aggregation states. A time-step for incrementing the global state of
receptor/IgE position and linkage was chosen to be small enough to capture a range
of possible probabilities of ligand binding and receptor motion but large enough to
allow the simulation to run efficiently. Ligand itself was not explicitly included in the
model, its presence was simulated by a stochastic calculation at each time-step that
would set a Boolean field in the data structure that represented surface IgE that one
Fab arm was occupied or not. In effect, ligand is not depleted during the reaction, a

situation that is frequently the case in experimental studies.

Each IgE/receptor was programmatically represented by a data structure that had 6
data fields, two fields representing each IgE arm’s bound state and 2 fields
representing which IgE (of all the possible IgE data structures) an arm was bound to

(2 additional fields were used for internal bookkeeping during the simulation). An



additional data structure (indexing of which was the same as the IgE data structure)
represented the position in 2D space for a particular IgE. Whether ligand-based
linking was being studied or spontaneous association of mobile receptors, there
were data structures that created linked lists of aggregated IgE data structures. If
the simulation was only monitoring spontaneous cluster formation, the stochastic
aspect of ligand binding was not used unless there was a test for increased
association between IgE/receptor (see below). There was a variant R-tree data
structure used to keep track of any formed clusters that allowed the program to

dynamically track cluster size and cluster duration.

To improve the simulation rate, multiple processors were used (see code line 580 in
File_S4). “Edges” were part of the simulated surface, so the software kept track of
edge issues, allowing the wrapping of motion across edge boundaries. An internal
clock triggers a routine that performs the needed calculations at each time-step
which are shown in S1 fig. (see code line 423 in the S4_File.c in the supplement) As
noted above, the simulation’s time-step is fixed, and its duration was chosen to
encompass the range of possible probabilities for motion and ligand binding based
on real world constants for ligand binding and dissociation, crosslinking constants
and Brownian motion of the IgE or IgE clusters. The time-step was chosen to be 50
microseconds. In this period of time a Markov-like probability of transition between
states was pre-calculated for each type of transition. Tests for similar results at
different timesteps (e.g., distance traveled for a short simulation was 1.45 * 0.76,

1.47 £ 0.77, 1.45 %0.76, 1.44 £ 0.75 model units for timesteps of 100, 50, 25, 12.5



usec) and, in particular, convergence to the analytically predicted distance traveled

for a period of time showed that the diffusion simulation was accurate.

There were three random number generators used for all calculations, either
generating a yes-no bit (random bit generator), a float value ranging from 0 to 1
(uniform deviate generator), or a Gaussian random z-number generator (producing
a random fractional deviation from the mean) [1]. These software random number
generators were seeded with values that were drawn from an internal clock (in
order to initiate each simulation with different random sequences). A new seed
based on information from outside the simulation was used every several tens-of-
thousands of visits to the software generators. This was done to minimize random
number bias across many uses of the generators. The random number generator
used was described in ‘Numerical Recipes in C' [1]. Prior to the start of the
simulation, all the various time constants for the binding reactions were re-cast as
step probabilities. This includes the linking probabilities once two IgE molecules

were calculated to be within a critical distant of each other [2, 3].

1- Update Positions

The motion of IgE was stochastic and for simplicity, when IgE was linked to other
IgEs, the cluster/aggregate moved as one entity (code line 919 or 3887 of S4_File)).
In other words, at each time step, each IgE position was updated but if the IgE were
part of a cluster/aggregate, the first calculated positional change in the cluster was
propagated throughout the IgE molecules within the cluster and no further

movements were calculated for the remaining IgE molecules within the cluster.



Motion was calculated according to the diffusion equation for proteins within the
membrane but like other simulated steps, the actual calculation is based on a pre-
calculated probability distribution for diffusion within the time-step interval (using
published values for FceRI diffusion).

To reduce calls to the Gaussian random generator, a single call to the Gaussian
generator was made to obtain the distance moved in 2 dimensions followed by a
single call to the uniform deviate generator to pick a direction (angle). With these
two calls, the distance moved in x and y directions was calculated. Fick diffusion in 2

dimensions is Gaussian with the 2-dimensional sigma for the distribution:
“sigma”= sqrt(4*DT1*timestep) (D)

where D is the translational diffusion constant [3]; DT = 2x10-1° cm?/sec. In this
case, a single pick from the Gaussian random number generator function generates
a Gaussian-derived random z-value, which is used with sigma to calculate a distance
moved in the 2D-plane (thus, the use of 4Dt for average sigma). Collisions were not
considered, i.e., there was no physical exclusion of overlapping molecular positions.

This was an O(n) calculation.

Update Binding

If a ligand was considered present, the first routine cycles through each IgE data
structure looking at each IgE Fab “arm” for the presence of bound ligand (code line
833 of S4_File); if not bound, a random number is generated and compared to the
probability that within the time-step binding should occur (this is a Markov-chain

calculation in that each binding reaction has the chance of occurring with a



probability determined by chemical reaction time constants. The probability of

ligand binding within a given time-step interval is:

Probability of binding = 1- exp(-[ligand]*valency*Kf*timestep) (2)
Probability of dissociation = 1 - exp(-Kr*timestep) (3)

Where [ligand] is the concentration of ligand (M), valency is the number of binding
sites per ligand, Kf is the forward rate binding constant (M-lsecl), Kr is the
dissociation constant (sec’l, equation 3), and timestep, the fixed time interval for the
entire simulation (sec). If the value of the obtained random floating point number
for this specific event was less than the probability of binding, then binding was
deemed to have occurred. This was an O(n) calculation. As noted previously, the
time-step interval was chosen to accommodate a reasonable range of
concentrations around the optimum for crosslinking (1/2Ka) [4, 5], values
consistent with precision of the ‘float’ variables, the random number generator
precision and more importantly, consistent with simulation producing results that
matched analytical predictions for diffusion and crosslinking curves. If the ligand-
binding site “arm” already had ligand bound, then a similar calculation was made for
ligand dissociation (equation (3)). For each IgE, two such assessments were made

for each potential ligand binding site.

Determine intersection between IgE/FceRI positions

One computational step was an O(n?) calculation, the examination of IgE/receptor

interaction distance. Edge effects also needed to be accounted for as motion at the



edges of the planar space wrapped to the opposite side, so IgE/receptors could be in
a cluster whose members were on “opposite” sides of the plane (left-to-right or top-
to-bottom, or both). For actual basophils, differences in receptor density range over
100-fold. As an O(n?) calculation, this would increase simulation times 10000-fold.
To reduce the computational burden, once receptor densities exceeded 50,000, the
cell “size” was reduced. Therefore a 10 fold increase in receptor density was
achieved by a 10 fold reduction in surface area (sqrt(10) in radius) without

increasing the simulation time by a further 100-fold.

For the purposes of the simulation, a fixed distance threshold was required to
consider the option of crosslinking. This distance was calculated from the physical
characteristics of the IgE and the crosslinker [2, 4]. The intersectional distance was

calculated for its relevance to the size of a small bivalent molecule as the ligand.

Crosslinking

For a model of ligand-induced crosslinking, crosslinking constants were derived
from previous studies [3]. A detailed model of crosslinking has been explored and
the while the rotational orientation of each IgE molecule would normally need
consideration, as would other considerations of geometry, the rate of crosslinking
can be reduced to a single forward and reverse rate. This single pair of rate
constants were assumed to be adequate for this simulation [3] and for the
simulation, the crosslinking constant was a constant and re-cast as a probability of

linking within the time-step of the simulation; a value of 0.02. This crosslinking



constant is derived from a number of geometric considerations, the encounter
complex ligand concentration and forward binding constant. For example, for a 3.5
nm bivalent ligand, the fraction of encounter complex geometries (see [2], radius of
gyration = 6.75 nm (includes Rg), ligand pocket depth of 1.25 nm, hapten length =
3.5 nm) for which the ligand can reach from one binding site to a second site (vs. all
possible encounters), in 3 dimensions, is approximately 2-4%. With the local
concentration of ligand and forward binding rate (used for the bivalent ligand
simulations), the probability of completing the crosslink is near 1.0 for the timestep
used, resulting in an overall probability for a random encounter of approximately
0.02-0.04. It is a number with considerable possible range depending on the ligands
and ligand geometry. Since the encounter complex requires a minimum threshold
center-to-center distance to consider whether crosslinking has a chance of
occurring, this distance is the value for the threshold of 13.5 nm used throughout
the basic simulation. A crosslinking step could involve interactions of one bound site
to one or two possible unbound sites or two bound sites linking to one or two single
possible bound sites. The adjustment of the crosslinking reaction probabilities for
these cases followed the scheme outlined in previous studies of bivalent
interactions [3] (code lines 1331 or 1539 of S4_File). If the crosslinking step
involved a bound site to two possible unbound sites, a Boolean random number
generator was used to chose the site being bound and crosslinked if binding was
determined to be successful. Parenthetically, the model could accommodate cyclic
binding but previous experimental studies suggested that cyclic binding was

minimal for simple bivalent haptens and this probability was set to zero. If a bound



site was found to become unbound during a time-step (see above) and the bound

site was also involved in a crosslink, the crosslink was dissolved.

Linked list data structures

Linked list data structures were used to keep track of statistics on the simulation as
well as manage the book-keeping for the simulation. The linked-list also allowed
statistics on spontaneous aggregate size and aggregate lifetimes in the simulations

where spontaneous aggregation was followed.

Assessing aggregate persistence

The linked lists allowed a measurement of aggregate persistence times by deriving
from the linked lists whether a particular IgE was involved in an aggregate at each
time cycle (code line 3742 of File_S4). The linked list for each time cycle was saved
and later analysis worked through the lists for each IgE for the duration of the

simulation. S2 Fig illustrates how data were accumulated.

Table 1: Constants used (see references [4, 6]):

Ligand binding forward rate 5x107 M-1sec't
Ligand dissociation rate 10 sect
Translational diffusion, D 2x10-10 cm2sec!
Crosslinking probability 0.02 (per encounter)
Threshold for proximity 13.5 nm
Radius of gyration, IgE 6.5 nm

Timestep 50 microseconds



Simulation Results

There were two areas explored with the simulation. The primary goal was to assess
the dependence of cluster size and cluster association time with FceRI density. The
secondary goal was to characterize a weak linear aggregator as a comparison to a

ligand that is known to induce secretion.

Spontaneous Aggregation

S3_Fig summarizes the results for cluster size, without regard to duration of the

clusters.

The fraction of receptors involved in clusters/aggregates increases to =13%
(without consideration for size or persistence) of the total receptors at densities >
500,000 FceRI per cell (S3A fig) for a separation distance (center-to-center) of 13.5
nm or 20% for a separation distance of 20.0 nm. While the majority of clusters are
dimeric, for 500,000 total receptors per cell, the cluster size distribution reaches as
high as 7. These will be the clusters that persist for longer times since it takes some
time for these non-associated clusters to reduce their size to monomers, with
receptors both entering and exiting the cluster. The two distances 13.5 and 20 nm
were obtained from two considerations. In the first case, this distance represents
the center-to-center distance for the two IgE antibodies to nearly make contact at
their radius of gyration. In some arm orientations, the distance between two ligand

binding sites is just sufficient to accommodate a linkage with a short bivalent



crosslinker such as BPO2 (8-carbon backbone, = approx.. 3.5-4 nm). The second
value, 20 nm was an estimate of FceRI density discovered by McConnell to occur in
regions of the RBL cell that were not crosslinked but induced activation signals by
the apparent virtue of their proximity [7]. The packing distances in his experimental

RBL cell system suggested a center-to-center distance of 20 nm.

S4_Fig shows the persistence distribution for 2 scenarios; distance separations of
either 13.5 or 20.0 nm. It is apparent that at high densities, persistence times on the
order of 10 msec exist and if the density of receptor is in the hundreds of thousands,
several hundred such persistent clusters exist. But what is not apparent in the figure
as shown is that there were approximately 3.5 million associations that lasted less

than 250 microseconds. Only 2% of the associations persist for longer than 2 msec.

Ligand-Induced Aggregation

To provide context for these spontaneous aggregation simulations, simulations of
ligand-induced crosslinking were made. To model the weakest of ligands that
continue to induce histamine release, the affinity constants for ligand binding
matched the determined affinity constants for BPO2 (Ka = 5x109, kf = 5x107 M-1sec’l,
kr = 10 sec!). This is a fast off-rate but experimentally, a BPO2 with this affinity

induces secretion [4, 8].

A first test of the ligand binding simulation was to determine if a “concentration-

dependence” for the crosslinking curve obeyed the known property that the peak of



crosslinking occurs at 1/2Ka [5]. This was found to be true for the simulation (see

S5_Fig).

S6 Fig shows the crosslink duration distribution for this simple bivalent reaction.
The first point to note that is not apparent in the figure is that short duration
aggregates account for the majority of the aggregates but this is because
spontaneous aggregates continue to occur. That said, while there may be a
cumulative 3.5 million “aggregates” (within the time frame of the simulation) that
persist for less than 250 microseconds in the non-crosslinked simulation, this
number is less than 1 million when a crosslinker is present. This results from actual
crosslinks ultimately dominating the development of aggregates (i.e., true
crosslinks). Many of these still have short persistence times but are generally
considerably longer than spontaneous aggregates. Nevertheless the average time is
skewed towards the early state of the simulation and to the short persistence of the

still considerable number of spontaneous aggregates.

S6_Fig shows, however, that there are many long-lived events. Compare this
distribution with the short-tailed distribution for the persistence of spontaneous
aggregates. While a few spontaneous aggregates persist for 10 msecs, even a simple
low affinity bivalent crosslinker has many more aggregates that persist for >10
milliseconds when the density is the same as for the spontaneous aggregate
simulation. For panel A, the average persistence was 0.67 msecs while for the

reaction with crosslinking, it was approximately 2 msecs. But excluding the bias



introduced by the continuing presence of many spontaneous aggregates (i.e., only
include in the average aggregates persisting for longer than 10 msecs because few
spontaneous aggregates persist longer than 10 msecs), the aggregate persistence for
a weak crosslinker is approximately 60 msecs. At the same density of 270,000/cell,
the curves in panel A are obviously very different. However, if the receptor is
decreased to densities known to still be sufficient to induce histamine release but
far from saturated, the average persistence time remains similar to higher densities
(in fact, the average even without excluding persistence times <10 msec remains
because spontaneous aggregates nearly disappear (see S3_Fig) leaving only
aggregates that were formed by the crosslinker, giving a more accurate picture of
the average persistence). By causal inspection, the results for spontaneous
aggregates at a density of 270,000/cell and crosslinked aggregates at a density of
13500/cell look similar, but the persistence for crosslinked aggregates remains
much longer and 19% (1200 aggregates) of total aggregates persist for >10 msec.
Likewise, when the concentration of crosslinker is reduced to generate a
distribution more similar to spontaneous aggregates, while maintaining density at
270,000/ cell, the absolute numbers below 20 msecs duration are less but there is a
long “tail” of persistent aggregates (6100 aggregates in the “tail”, with an average
persistence of 50 msecs.). Increasing the dissociation constant for this reaction by
10-fold (kr = 100 sec!) reduces the number of aggregates that persist longer than
10 msec by 45-fold (= 2%) (S6C Fig) and most of these are between 10-15 msec in

duration.
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// kkhkkhkhkhkkkkkhkhkhhkkkkhkkhkikhhkhkkkk* Fbader flle kkhkkhkkkkkkhkhkhkhkkkkkikhkhkhkhkkkkk*

#i ncl ude <Carbon/ Car bon. h>

// Note, all code has been "cl eaned" of references to user interface

el enents, the header, main.c, nodel.c

/1l only code relevant to execution of the nodel is present to avoid

di stractions to the nodel franmework

/1l in addition, the 3 files (header, main and nodel) have been conbi ned
into one file for this publication

/!l wite to the author if there are questions about the code or its

i mpl ement ati on

// ********aggregati on "Const ant S"********************

#defi ne kIl gEnunber 2000
#defi ne ktimestep . 00005
#defi ne kver si onno 2.1
#defi ne kcl ear 50

#defi ne kSaveCycl e 20000
#defi ne kunusedno 998
#defi ne kst opcycl enunber 5000

#defi ne kcyclicdinmerrate 0.0

#defi ne kcyclicdi merrate2 0.0
#defi ne kconcentration . 0000001
#defi ne kl i gandval ency 2

#defi ne kf orwardl 50000000
#defi ne kreversel 10

#defi ne kBoundr at e 0. 02
#defi ne kl i gandno 2.0
#defi ne kaggdi stri bsi ze 50

#defi ne kcel I si ze 360. 0

/]l this is an artificial way of controlling the dianeter of the cell or
the area that the receptors are limted to

[/ normally this is set to 360.0 (for one circunference of the cell),
therefore, density goes as square of size

/] all distance units are expressed in "degrees" calculated as if it were
cell of radius 5 mcroneters (including diffusion constant)

#def i ne kdel ta 0. 16
/] standard is 0.16 "degrees" (= 135 angstrons)

#defi ne krestingclusters true
/] set to true if non-aggregation induced clustering is the nodel
(spont aneous cluster formation)

#def i ne ksavecl usterli st true

/]l set to true if want to track dynam cs of resting clusters

#def i ne kusecl usterli st true
#defi ne kdofitting fal se
#def i ne kcl ust er ANDXL fal se



t ypedef struct

{
| ong | ookedat ;
| ong I i nknunber ;
| ong ar mLbound;
| ong ar n2bound;
| ong arml i nkt o;
| ong ar n2l i nkt o;
} | gEstruct ure;
t ypedef struct
{
| ong saved_mast ercycl e;
| ong st at nosaved;
| ong cel |l di anet er;
| ong | gEno;
f 1 oat di ffusi onst epsi ze; /1 in degrees,
use t = (arc distance for cell dianeter)/4D to calculate steptinme
fl oat ti mestep; /! shoul d be

related to diffusionstepsize but for convenience is rounded off which
woul d make the diffusion constant drift around slightly

fl oat di f f usi onconst ant ;

fl oat I i gandval ency; [/ for now, this
al ways equals 2

fl oat i nkdel t a; // distance that

a collision is detected as positive

fl oat forwardil;

fl oat reversel;

fl oat concentrationl

fl oat XL1; [/ for nowthis
calculation is done outside of the program

fl oat dcyclicl; /] adjusts the
cyclic dimer crosslinking constant

fl oat f orwar d2;

fl oat reversez2;

fl oat concentration2;

fl oat XL2;

fl oat dcyclic2;

fl oat f orwar d3;

fl oat reverses;

fl oat concentrati on3;

fl oat XL3;

fl oat dcyclic3;

fl oat f orwar d4

fl oat reverse4;

fl oat concentrati on4;

fl oat XL4;

fl oat dcycl i c4;

fl oat ver si onno;

fl oat I i gandno;

| ong creat edoni;

f1 oat unused[ 997] ;

} AggFi | eHeader ;



t ypedef struct

{
| ong mast er _cycl es;
| ong si ngl ebound;
| ong doubl ebound;
| ong aggi es[ kaggdi stri bsi ze] ;
} Stats;
t ypedef struct
{
| ong mast er _cycl es;
| ong si ngl ebound;
| ong doubl ebound;
| ong aggi es[ 10] ;
} ol dSt at s;
t ypedef struct
{
| ong part ner1;
| ong part ner 2;

} MatchArray;
struct | nst ance;

struct I|nstance

{
i nt key;
struct | nstance **neighbors;
i nt i nst ancesSi ze;
}s

typedef struct Instance |nstance;

t ypedef struct

{
| ong startE;
| ong endE
| ong m ndex;

Mat chArray *matches;
} sWorkParans, *sWrkParansPtr;

t ypedef struct

{
MPTaskl D t askl D
MPQueuel D request Queue;
MPQueuel D resul t Queue;
sWor kPar ans par ans;

} sTaskData, *sTaskDataPtr;

#pragnma aggregati on functions
// *************aggregati on funct | Ons************************

fl oat getrandom (unsigned long jran);
f | oat ranl (long *idum;

i nt irbit2 (unsi gned | ong
*i seed);

voi d Updat ePosi ti ons2 (voi d);

voi d Updat ePosi ti ons3 (voi d);

voi d Lookforl ntersections4 (sWor kParansPtr parans);



voi d Li nkedl i st search (1 ong epitopenunber, |ong

*recursion_level, long calling_who, |ong who_called, long *linklist);
voi d Cr eat eUni onLi st (long listlno, long
list2no, long *listl, long *list2, long *unionlist);

voi d Checkf or Bi ndi ng (void);

voi d Checkf or | i nkbi ndi ng (voi d);

voi d Makel i nkedl i st (long

*| i nkedi ndex, | ong who_cal |l ed, | ong cal li ng_who, long *linkedlist);

voi d Count TenpAggs (voi d);

voi d Addt ol nst ancelLi st (I'nstance

*t hei nstancel, Instance *theinstance2);

I nstance * get |l nstance (int key);

voi d Li nkedl i st search2 (1 ong epitopenunber
I ong *recursion_level, long calling who, |ong who_called, |ong
*linklist);

voi d Cr eat eUni onLi st 2 (long list2no, long *listl,
long *list2);

voi d Checkf or Bi ndi ng2 (voi d);

voi d Checkf or | i nkbi ndi ng2 (voi d);

voi d Checkf or | i nkbi ndi ng3 (voi d);

| ong Maket heLi nk (float 1inkbinding,
long m long k, long version);

Bool ean Checki f Al r eadyLi nked (long k, long m;
voi d Set Vi ewPor t (float left, float
top, float delta);

voi d UpdateStatistics (W ndowRef thew ndow) ;
voi d InitializeVariables (void);

voi d InitializeBindingConstants (void);

pascal void Ti mer Action (Event LoopTi ner Ref
t heTi nmer, void* userData);

voi d Pr epar eDat a (void);

voi d PushSt at s (void);

voi d QrVi deo_AddVi deoSanpl esToMedi a(voi d) ;

voi d QrVi deo_Fi ni shMyVi deoTrack(voi d) ;

Bool ean Creat eAMovi e (voi d);

// IR IR Sk b b I Sk b b b rm'nc flle R Sk b b b S b b S b b S

#defi ne kAppl i cationSi gnature " AggM

#defi ne kDocTypel nage " AggF'

Bool ean gt hi smachi nei sl ntel;

static | BNi bRef gNi bRef ;

Event LoopTi mer Ref gt heTi ner;

Event LoopRef gmai nLoop;

Event LoopTi mer UPP gti mer UPP

#defi ne kMPSt ackSi ze 0 /1 use default stack
si ze

#defi ne kMPTaskOpti ons 0 /1 use no options
sTaskDat aPt r my TaskDat a;

Ul nt 32 nunPr ocessors;



MPQueuel D notifi cati onQueue;

| gEstructure *1 gE;

| ong gl gEnunber;

Mat chArr ay *ghat cht het a, *gMat ches, *gAggr egat eLi st ;
unsi gned | ong gRandonseed,;

| ong gRanlseed, gMat chi ndex, gl ast aggr egat esi ze =
kwhi chaggr egat e;

| ong

*gLi nkedl i st 1, *gLi nkedl i st 2, *gLi nkedl i st Uni on;

| ong *gl gEl i nkedl i st, *gEmatri x;
unsi gned char *gd usterlList;

| nst ance **gl nst anceli st ;

| ong

gUnSat ur at ed, gM dSat ur at ed, gSat ur at ed, gTot al Sat ur at ed, gTest 1, gTest 2
, gTest 3, gTest 4, gTest 5;
| ong

g0l i gands, gll i gand, glli gandsuccess, g2l i gands, g2l i gandsuccess, g3l i ga
nds, g3l i gandsuccess, g4l i gands;

| ong

gCel | Si ze, gSt opCycl eNunber, gC ust er I ndex, gTest | gE;
unsi gned | ong bi t nunber ;
fl oat *t heta, *chi;

/1l really just x,y, just to differentiate nanes

fl oat *thetaStart, *t hetaEnd, *chi Start, *chi End;
fl oat

gf reeHapt enr at e, gboundHapt enr at e, gLi nkBi ndi ngr at e, gdi ssoci at i onHapt
enrate, gCyclicdinerrate; /1 one of these for each |igand
fl oat

gf reeHapt enr at e2, gboundHapt enr at e2, gLi nkBi ndi ngr at e2, gdi ssoci ati onH
apt enrat e2, gCycl i cdi nerrat e2;
fl oat

gconcentrationl, gconcentration2, gf orwardl, gf orward2, grever sel, greve
rsez;

fl oat gDi f fusi onDi st ance;

f | oat gText Si ze = 12.0;

si gned | ong *vfl ag;

Absol ut eTi me gNti meNow, gNt i neLast ;

Unsi gnedW de gTi meNow, gTi neLast ;

Event LoopTi mer Ref gt heTi ner;

Event LoopRef gnai nLoop;

Event LoopTi mer UPP gti mer UPP;

Bool ean gRunni ng = fal se, gCheckf or Aggregati on =
TRUE, gGoAheadandSaveFi | e, gSonet hi ngt oSave = fal se, gMaki nghvovi e = fal se;
Bool ean gFi | eProbl em = fal se, gFi | eOpen =

fal se, gShowSt at s, gNewFi | e, gl ni t Vars, glKed, gl ntel ;

Bool ean gRestingd usters, gUsed usterlList;
short gTest Ref Num

| ong gVi ewCount = 0,gStatindex =

0, gRecept or Nunber, gWhi chAggr egat e;

| ong gMast er Cycl es;

| ong gRefresh = 0, gRefreshval ue = 100;

| ong gAggr egat eDi stri buti on[ kaggdi stri bsi ze];

| ong gAggr egat eDi stri buti on2[ kaggdi stri bsi ze];



| ong gVi ewAr ray[ 1000] [ 2] ;

| ong gt hel gE;

FSRef gAggr egat eFSRef , gMovi eFSRef ;

Event LoopTi mer Ref gTi mer Ref er ence;

AggFi | eHeader *gAggFi | eHeader ;

Stats *gSt at s, *gBackupSt at s;

const SlInt16 kAlertl D = 128;

| ong gFi ndAggof Si ze = 2;

voi d Est abl i shArrays(Bool ean initvars);

voi d Test Conmand(voi d) ;

voi d myLocal Tod obal Rect (Rect *theRect);

OSSt at us WiteC usterFile (FSRef *inRef);

voi d Readd usterFil e(FSRef *inRef, |ong clusterindex);
voi d Ti nel nterval s(voi d);

voi d print Start EndPosi ti ons(void);

OSst at us MyTask( void *paraneter );

voi d Cl ear Ematri x(voi d) ;

OSEr r Noti fyTasks( void );

A e

int main(int argc, char* argv[])

| BNi bRef ni bRef ;
0SSt at us err;
PMSheet DoneUPP  pageSet upDoneUPP, pri nt Di al ogDoneUPP;

Event TypeSpec appSpec[] = {{kEventC assApplication,
kEvent AppQuit 1},
{kEvent d assCommand, kEvent CommandProcess },
{kEvent C assMuse, kEvent MouseDown} ,
{kCoreEvent O ass, kHi ghLevel Event},

i

err = CreateN bReference (CFSTR("nmain"), &nibRef); /1
Create a N b reference passing the name of the nib file (without the .nib
ext ensi on)

require_noerr (err, CantGetN bRef);
gNi bRef = ni bRef;

err = Set MenuBar FromNi b(ni bRef, CFSTR("MenuBar"));
require_noerr (err, CantSetMenuBar);

err = Install ApplicationEvent Handl er ( NewEvent Handl er UPP
(AppEvent Handl er), Get Event TypeCount (appSpec), appSpec, 0, NULL);

InitProg();
gmai nLoop = Get Mai nEvent Loop() ;
gtimer UPP = NewEvent LoopTi nmer UPP( Ti mer Acti on) ;

RunAppl i cati onEvent Loop() ;

Cant Cr eat eW ndow:.
Cant Set MenuBar :
Cant Get Ni bRef :
Cant Set UpPri nti ng:



return nil ;

}
void | nitProg()
{
f | oat frandom
| ong i, ncols;
OSEr r t heerror;
gRanlseed = (unsigned | ong) Ti ckCount ();
bi t nunber = gRanlseed; /1 for
initializing irbit2 (each simulation different)
frandom = ranl(&gRanlseed); /] initializing

ranl (each sinulation different)

i f(CFByteOrderGetCurrent() == CFByteOrderLittl eEndian) glntel =
TRUE;

gRestingC usters = krestingclusters;
gUsed usterList = kuseclusterlist;
gl gEnunber = kil gEnunber;

gCel | Si ze = kcel |l si ze;

gSt opCycl eNunber = kstopcycl enunber;
gRef resh = gRefreshval ue

gconcentrati onl = kconcentrati on;

gf orwardl = kforwardl;

greversel = kreversel

gLi nkBi ndi ngrate = kBoundr at e;
gCyclicdinmerrate kcyclicdi merrate;

gconcentrati on2 = kconcentration2;

gf orward2 = kf orward2;

greverse2 = Kkreversez;

gLi nkBi ndi ngrate2 = kBoundr at e2
gCyclicdinmerrate2 = kcyclicdi nerrat e2;

gTest | g = gl gEnunber; [l for testing

Est abl i shArrays( TRUE) ;
Cr eat eMPTasks() ;

}

voi d Est ablishArrays(Bool ean initvars)

{

long i,ntols;
InitializeBindi ngConstants();

if(theta '= NULL) free(theta);

if(chi '= NULL) free(chi);

if(thetaStart !'= NULL) free(thetaStart);
if(thetabnd !'= NULL) free(thetaEnd);
if(chiStart '= NULL) free(chi Start);

i f(chiEnd !'= NULL) free(chi End);

if(vflag '= NULL) free(vflag);
i f(gvatches !'= NULL) free(ghatches);



if(IgE '= NULL) free(lgE);

if(lge2 = NULL) free(lgE2);

i f(glgElinkedlist !'= NULL) free(glgElinkedlist);

i f (gAggregateList !'= NULL) free(gAggregatelist);

i f(gLinkedlistl !'= NULL) free(gLinkedlistl);

i f(gLinkedlist2 !'= NULL) free(gLinkedlist2);

i f(gLinkedlistUnion != NULL) free(gLinkedlistUnion);
if(gStats '= NULL) free(gStats);

i f(gBackupStats != NULL) free(gBackupStats);

i f(glnstanceList !'= NULL) free(glnstancelList);

ncol s = gCel | Si ze/ kdel t a;
gEmatri x = NewPtrd ear (nctol s*ntol s*si zeof (1 ong)) ;

thet a (float *)mall oc(gl gEnunber*si zeof (fl oat));

chi (float *)mall oc(gl geénunmber*si zeof (fl oat));
thetaStart = (float *)mall oc(gl genunber*sizeof (float));
t het aEnd (float *)mall oc(gl genunber*sizeof (float));
chi Start (float *)mall oc(gl genunber*si zeof (float));
chiEnd = (float *)nmall oc(gl gEnunber*sizeof (float));

vilag = (signed |long *)mall oc(gl géEnunber *si zeof (1 ong));

IgE = (I gEstructure *)mal |l oc(gl genunber *si zeof (1 gEstructure));
IgE2 = (lgEstructure *)mall oc(gl gEnunber*si zeof (1 gEstructure));

ghvat ches = (MatchArray *)nmal | oc(5*gl gEnunber *si zeof (Mat chArray));
gl gEl i nkedl i st = NewPtrd ear (gl genunber *si zeof (|1 ong) ) ;
gAggr egat eLi st = (Mat chArray
*)mal | oc( gl gEnunber *si zeof (Mat chArray)) ;
gLinkedlistl = (long *)mall oc(gl gEnunber *si zeof (1 ong) ) ;
gLinkedlist2 = (long *)mall oc(gl gEnunber *si zeof (1 ong));
gLi nkedl i st Union = (long *)mal |l oc(gl gEnunber *si zeof (1 ong) ) ;
gl nstancelLi st = (Instance **)nall oc(gl genunber *si zeof (I nst ance *));

i f (gRestingCl usters)
gStats = (Stats *)mall oc((gSt opCycl eNunber *2) *si zeof (Stats));
gC usterList = (unsigned char
*)mal | oc(gl gEnunber *si zeof (unsi gned char));
el se
i f(kcluster ANDXL) gStats = (Stats
*)mal | oc((gSt opCycl eNunber *2) *si zeof (Stats));

el se gStats = (Stats
*)mal | oc((gSt opCycl eNunber/ 25) *si zeof (Stats));
}

i f(kcluster ANDXL && ! gRestingd usters) gQusterlList = (unsigned
char *)mal | oc(gl gEnunber *si zeof (unsi gned char));

i f(initvars)

{
}

InitializeVariables();



[ FrEFxExEkk Ak kA kKR xRk xk*** this is the main | oop for the simulation
(simlar in flowto figure S1 ******kkkkkkkdkhkkskx

pascal void TimerAction (EventLoopTi nerRef theTimer, void* userData)

{

Rect t herect;
MenuRef t hemenu;
Menul t enl ndex t hei ndex;
CFSt ri ngRef itenmstring;

i nt i,j;

Set Port W ndowPor t ( gCurrent Wndow ) ;

/] update view port
i f(gViewCount > gRefresh)

{
Cl ear AggFi el d(gCurrent W ndow) ;
gVi enCount = O0;
}
/1l following this sequence is equivalent to following figure S1
i f(gRestingC usters) /1 just doing non-ligand clustering
Updat ePosi ti ons3(); /! nove all receptors around
i f(kcl uster ANDXL) /1 allows for crosslinking to be
foll owed along with non-Iigand based clustering
{
Checkf or Bi ndi ng(); /1 check for ligand binding
}
ClearEmatrix(); /] setup the matrix for the

mul ti - CPU processi ng

Set upEmat ri x();

Not i fyTasks(); /] start-up the tasks that handle
gueuei ng of the multi-CPUs

i f (gCheckf or Aggregati on &% kcl ust er ANDXL)

{
Checkf or | i nkbi ndi ng3(); /[l determne if there
i s crosslinking
}
Count TenpAggs() ; /1l tracks the associations and saves,

see below, for later processing of aggregate tines
i f(gUseC usterlList)
i f (gMast er Cycl es%0 == 0)

gNti meLast = gNti neNow;
gNti meNow = UpTi ne();
gTi meLast.l o = gTi mreNow. | o;
gTi meLast. hi = gTi meNow. hi ;
M cr oseconds( &gTi neNow) ;
gRanlseed = bi tnunber = (unsigned
| ong) Ti ckCount () ; /1 conmrent out if not re-seeding
frandom = ranl(&Ranlseed);
/1l conmrent out if not re-seeding



WiteC usterFil e( &gAggr egat eFSRef ) ; /] update
the cluster file that will be processed at the end of the sinmulation
gC ust er | ndex++;
}

el se

{
i f (gMasterCycl es%0 == 0)
{

gNti meLast = gNti neNow,
gNti meNow = UpTi ne() ;
gTi meLast.l o = gTi mneNow. | o;
gTi meLast. hi = gTi meNow. hi ;
M cr oseconds( &gTi meNow) ;
gRanlseed = bitnunber = (unsigned
| ong) Ti ckCount () ; /1 conmment out if not re-seeding
frandom = ranl(&gRanlseed);
/1 conmment out if not re-seeding

}
i f(gMasterCycles%d == 0)

PushSt at s() ; /1!
update general results file as well
WiteFil e(&Aggr egat eFSRef) ;

}
}
}
el se /1 not doing non-ligand clusters
but are simulating |igand i nduced aggregation
{
Updat ePosi ti ons2(); /1l nove receptors around
Checkf or Bi ndi ng() ; /1 check for ligand binding
i f (gCheckf or Aggregati on)
{
Cl earEmatrix(); [/l setup the matrix for the

mul ti - CPU processi ng
Set upEmatri x();

Noti fyTasks(); /] start-up the tasks that handle
gueuei ng of the multi-CPUs
Checkf or | i nkbi ndi ng3(); /1 1ook for crosslinking

i f (kcluster ANDXL) Count TenpAggs(); // tracks the associations
and saves, see below, for later processing of aggregate tines

i f(gUseCd usterlList) /1l sane as above

i f (ksaveclusterlist)

{
WiteC usterFil e(&Aggr egat eFSRef);
gCl ust er I ndex++;
}
el se
{
i f (gMast er Cycl es%SaveCycle == 0)
WiteFil e( &gAggr egat eFSRef) ;
}
}

i f (gMasterCycl es%0 == 0)
{



gNti meLast = gNti neNow;
gNti meNow = UpTi ne() ;
gTi meLast.l o = gTi mreNow. | o;
gTi meLast. hi = gTi meNow. hi ;
M cr oseconds( &gTi neNow) ;
gRanlseed = bi tnunber = (unsigned
| ong) Ti ckCount () ; /1 conmrent out if not re-seeding
frandom = ranl(&gRanlseed);
/1 conmrent out if not re-seeding

el se
i f (gMast er Cycl es%SaveCycle == 0)
WiteFil e( &Aggr egat eFSRef) ;
%ugmmemyMew60==m

PushSt at s() ;
gNti meLast = gNti neNow,
gNti meNow = UpTi ne();
gTi meLast.l o = gTi mreNow. | o;
gTi meLast. hi = gTi meNow. hi ;
M cr oseconds( &gTi neNow) ;
gRanlseed = bi tnunber = (unsigned
| ong) Ti ckCount () ; [/l conmment out if not re-seeding
frandom = ranl(&gRanlseed);
/1l conmment out if not re-seeding

}

gVi ewCount ++

gMast er Cycl es++;

UpdateSt ati stics(gCQurrent Wndow) ;
gSonet hi ngt oSave = true;

i f (gMasterCycl es > gStopCycl eNunrber) /1 stop
simulation if pre-established cycle count is exceeded
{
RenoveEvent LoopTi ner ( gt heTi ner) ;
gt heTi mer = NULL;
gRunni ng = fal se;
mencpy(t hetaEnd, t het a, gl gEnunber *si zeof (fl oat) ) ;
mencpy(chi End, chi, gl gEnunber *si zeof (fl oat));

}
}
void CearEmatrix(void)
{

long i,ncols,n;

ncols = gCel | Si ze/ kdel ta

for(i=0;i<nctol s*ntol s;i++) *(gEmatrix + i) = 0;
for(i=0;i<glgEnunber;i++) *(glgElinkedlist +i) = 0;



// kkhkkhkkikhkkkkkkkk*k rTuItI_CPU process' ng functl ons kkhkkhkkkkkkkhkkhhkkkkkkk*k

voi d Creat eMPTasks( void )
{

OSEr r t heErr;

Ul nt 32 i;

theErr = noErr;

nunmProcessors = 1;
myTaskData = NULL;
notificati onQueue = NULL;

i f( MPLi braryl sLoaded() )
{
nunProcessors = MPProcessorsSchedul ed() ;
myTaskData = (sTaskDataPtr) NewPtrd ear ( nunProcessors *
si zeof ( sTaskData ) );
theErr = MenError();
if( theErr == noErr ) theErr = MPCreat eQueue(
&noti ficationQueue );
for( i = 0; i < nunProcessors && theErr == noErr; i++ )

{

myTaskData[i]. parans. mat ches = (Mat chArray
*) NewPt r C ear ( 100* kIl gEnunber *si zeof (Mat chArray)) ;

if( theErr == noErr ) theErr =
MPCr eat eQueue( &ryTaskDat a[i] . request Queue );

if( theErr == noErr ) theErr
MPCr eat eQueue( &ryTaskData[i]. resul t Queue );

if( theErr == noErr ) theErr = MPCreateTask( MyTask,
&nyTaskData[i], kMPStackSize, notificati onQueue, NULL, NULL,
kMPTaskQpti ons, &mryTaskData[i].tasklD);

}
}
if( theErr != noErr )
{
St opMPTasks() ;
nunProcessors = 1;
}
}
#defi ne kMyRequest One 1
#defi ne kMyRequest Two 2
#defi ne kMyResul t Excepti on -1

OSSt at us MyTask( void *paraneter )
{

OSErr theErr;

sTaskDat aPtr p;

Bool ean fi ni shed;

U nt 32 nessage;

theErr = noErr;

p = (sTaskDataPtr) paraneter ;
finished = fal se;

while( !finished )
{



theErr = MPWAI t OnQueue( p->request Queue, (void **)&nmessage,
NULL, NULL, kDurationForever );

if( theErr == noErr )
{
switch( nessage )
{
case kMyRequest One:
Lookforl ntersections4( &p->parans );
br eak;
case kMyRequest Two:
br eak;
defaul t:
finished = true;
theErr = kMyResul t Excepti on;
}
MPNot i f yQueue( p->resul tQueue, (void *)theErr, NULL,
NULL );
}
el se finished = true;
}
return( thekrr );
}
OSErr NotifyTasks( void )
{
Ul nt 32 i,j,matchindex, cnat chi ndex, | ast E;
OSEr r t heErr;
Ul nt 32 t hi ngsPer Task;
Ul nt 32 nmessage;
sWor kPar ans appDat a;
| ong *f| agarray;
Mat chArray *mat chhol der;
theErr = noErr;
t hi ngsPer Task = gl gEnunber / nunProcessors;
for( i =0; i < nunProcessors; i++ )
{
myTaskDatai].parans.startE = thingsPerTask * i;
| astE = thingsPerTask * (i+1);
i f((i == nunProcessors) && (lastE < glgEnunber)) lastE =
gl gEnunber ;
nmyTaskDat a[i]. parans. endE = | ast E;
message = kMyRequest One;
MPNot i f yQueue( myTaskData[i].request Queue, (void *)nessage,
NULL, NULL );

}

/1 Now wait for the tasks to finish
for( i = 0; i < nunProcessors; i++ )
MPWAiI t OnQueue( mnyTaskData[i].resultQeue, (void
**) &mressage, NULL, NULL, kDurationForever );
/1 reconbi ne the matcharray

cmat chi ndex = 0O;



for(i=0;i<nunProcessors;i ++)

{

mat chi ndex = nyTaskData[i]. parans. m ndex;

Bl ockMoveDat a( myTaskDat a[ i ] . par ans. mat ches, gMat ches+cnat chi ndex, mat
chi ndex*si zeof (Mat chArray));
cmat chi ndex += mat chi ndex;
}

ghat chi ndex = cnat chi ndex;
return( theErr );

}

voi d St opMPTasks(voi d)

{
unt32 i;

if (nyTaskData != NULL)
{

for (i = 0; i < nunProcessors; i++)

if (nyTaskData[i].taskl D != NULL)
{
MPTer m nat eTask(nyTaskData[i].taskl D, noErr);
MPWAiI t OnQueue( noti ficati onQueue, NULL, NULL,
NULL, kDur at i onFor ever);

}

if (nyTaskData[i].request Qieue !'= NULL)
MPDel et eQueue(nyTaskDat a[i].request Queue);

if (nyTaskData[i].resultQueue != NULL) MPDel et eQueue
(nmyTaskDat a[i].resul t Queue);

}

if (notificationQueue != NULL)

{
MPDel et eQueue (notificati onQueue);
notificati onQueue = NULL;

}

Di sposePtr ((Ptr)nyTaskDat a) ;
myTaskData = NULL;

// kkhkkhkkhkkkkkkikhkhkkk*k ndeel c kkkkkhkhkhkkkkhkkhkhkhhkhkkkkhkhkhkhhkhkkkkikikhkhkkkk*kx

#i ncl ude <Carbon/ Car bon. h>
#i ncl ude <stdio. h>

#i ncl ude <stddef. h>

#i ncl ude <stdlib. h>

#i ncl ude <math. h>

#def i ne NRANSI
#i nclude "nr.h"
#i nclude "nrutil.h"

| ong | gEaggs[ 2] [ 300] ;
| ong Nf or | gEaggs = O;

extern |ong gl gEnunber;



extern | gEstructure *| gE, *1 gE2;
/1 one of these for each |igand

extern Mat chArray

*ghat cht het a, *gMat ches, *gAggr egat eLi st ;
extern unsigned | ong gRandonseed,;
extern |ong

gRanlseed, gMat chi ndex, gl ast aggr egat esi ze, gSt opCycl eNunber ;
extern |ong

*gLi nkedl i st 1, *gLi nkedl i st 2, *gLi nkedl i st Uni on;
extern | ong

gUnSat ur at ed, gM dSat ur at ed, gSat ur at ed, gTot al Sat ur at ed, gTest 1, gTest 2
, gTest 3, gTest 4, gTest 5;
extern |ong

g0l i gands, gll i gand, gll i gandsuccess, g2l i gands, g2l i gandsuccess, g3l i ga
nds, g3l i gandsuccess, g4l i gands;
extern unsigned | ong bi t nunber
extern fl oat *theta, *chi
extern fl oat

*thetaStart, *t het aknd, *chi Start, *chi End;

extern unsi gned char *gd usterlList;

extern fl oat

gf reeHapt enr at e, gboundHapt enr at e, gLi nkBi ndi ngr at e, gdi ssoci at i onHapt
enrate, gCyclicdinerrate; /1 one of these for each |igand
extern fl oat

gf reeHapt enr at e2, gboundHapt enr at e2, gLi nkBi ndi ngr at e2, gdi ssoci ati onH
aptenrate2, gCyclicdi nerrate2, gbi f fusi onDi stance;
extern fl oat

gconcentrationl, gconcentration2, gf orwardl, gf orwar d2, greversel, greve
rsez;
extern signed |ong *vfl ag;
extern |ong *gl gEl i nkedl i st, *gEmatri x;

ext ern Bool ean

gRunni ng, gCheckf or Aggr egat i on, gGoAheadandSaveFi | e, gSomet hi ngt oSave,
gMaki ngMovi e;
ext ern Bool ean gFi | eProbl em gResti ngd usters;
extern |ong

gVi enCount , gSt at i ndex, gRecept or Nunber, gCel | Si ze, gTest | gE;

extern | ong gMast er Cycl es, gCl ust er | ndex;
extern |ong gRef resh, gRef r eshval ue;
extern |ong gAggregateDi stribution[];
extern |ong gAggregat eDi stri bution2[];
ext ern FSRef gAggr egat eFSRef ;

extern Event LoopTi mer Ref gTi mer Ref er ence;

ext ern AggFi | eHeader *gAggFi | eHeader

extern Stats *gSt at s, *gBackupsSt at s;
extern | nstance **gl nst anceli st ;

voi d Fetchadi stance(float *dx, float *dy)
void freeTree(long index, Instance** instancelist);
fl oat gasdev2(void);

void InitializeBindingConstants(void)
{
gf reeHaptenrate = 1.0 - exp(-

gconcentrati onl*kl i gandval ency*gf orwardl*kti nmest ep);
gdi ssoci ati onHaptenrate = 1.0 - exp(-ktinestep*greversel);



/1 ghi ffusi onDi stance = sqrt(2*2. 7*kti nmestep); /] for 1D
st epping, diffusion constant translated to units of the sinulation
("degrees")

ghi ffusi onDi stance = sqrt(4*2. 7*kti nmestep); /1 for 2D
one-val ue, stepping, diffusion constant translated to units of the
simul ation ("degrees")

}
void InitializeVariabl es(void)
{
| ong i
fl oat *t het af | oat, *chi fl oat ;
| ong *statl ong;
voi d *t enpadr ;
tenpadr = theta,;
thetafloat = (float *)tenpadr;
t enpadr = chi
chifloat = (float *)tenpadr;
tenpadr = gStats;
statlong = (long *)tenpadr;
for(i=0;i<gl gEnunber ;i ++)
{
(*(Ige + i)).armlbound = O;
(*(Ige + i)).arnmbound = O;
(*(Ige + i)).armllinkto = O;
(*(lIge +i)).arnmlinkto = 0;
(*(Ige + i)).linknunmber = 0;
}
for(i=0;i<glgEnunber;i++)
{
(*(lge2 + i)).arnlbound = 0;
(*(lge2 + i)).arn2bound = 0;
(*(Ige2 + i)).arntllinkto = O;
(*(lge2 + i)).arn2linkto = O;
(*(Ige2 + i)).linknunber = O;
}
for(i=0;i<glgEnunber;i++) *(thetafloat + i) = gCell Size *
ranl( &gRanlseed) ;
for(i=0;i<glgEnunber;i++) *(chifloat + i) = gCel | Si ze *
ranl( &gRanlseed) ;
mencpy(thetaStart,t heta, gl génunber *si zeof (fl oat) ) ;
mencpy(chi Start, chi, gl génunber *si zeof (fl oat));
for(i=0;i<(gStopCycl eNunber/25)*si zeof (gStats);i++) *(statlong + i)
= 0;
for(i=0;i<kaggdistribsize;i++) gAggregateDistribution[i] = 0;
gMast er Cycles = 0;
gStati ndex = O;
gC usterlndex = 0;
}

voi d Checkf or Bi ndi ng(voi d)



| ong i, m
fl oat frandom

for(i=0;i<glgEnunber;i++)
i f((*(IgEt+i)).arnlbound)
{

frandom = ranl(&gRanlseed);

i f (frandom < gdi ssoci ati onHapt enr at e)

{
(*(1gE+i)).armlbound = O;
if((*(1gE+i)).arnllinkto = 0)
{

(1 gEt+i)).arntli nkto;
E+i)).armllinkto = O;
E+i)).linknunber -= 1;
(

(
g
g
*(Ige+tm)).arnllinkto == i)

(*(
(*(1
Hf((

(*(lge+tm)).arnllinkto = 0;

el se (*(1gE+m).arnlinkto = 0;
(*(1gE+m)) . li nknunber -= 1;

el se

frandom = ranl(&gRanlseed);
i f (frandonkgfreeHaptenrate) (*(IgE+i)).arnlbound = 1;

}
i f((*(IgEti)).arn2bound)
{

frandom = ranl(&gRanlseed);

i f (frandom < gdi ssoci ati onHapt enr at €)

{
( (1'gE+i)).arnmbound = 0O;
if((*(1gE+i)).arn2linkto = 0)
{

(I gE+i)).arn2li nkto;
E+i)).arnRlinkto = O;
E+i)).linknunber -= 1;
(

(*
g
g
*(IgEtm)).arnllinkto == i)

(*(
(*(1
i f((
else (*(1gE+m).arn2linkto = O;
(*(1getm) . i nknunber -= 1;

(*(1getm)).arntlinkto = 0;

}
}
}
el se
{
frandom = ranl(&gRanlseed);
i f(frandonmkgfreeHaptenrate) (*(I1gEt+i)).arnRbound = 1;
}
}
}
voi d Linkedlistsearch(long epitopenunber, |ong *recursion_| evel, |ong
calling_who, long who_called, long *linklist)
{

long i;



for(i=0;i<*recursion_|evel;i++)

if(linklist[i] == calling_who) return;
}

linklist[*recursion_|level] = calling_who;

*recursion | evel += 1;

if((*(1gE + calling_who)).armllinkto)

{
if((*(Ig + calling_who)).armllinkto != who_call ed)
{

Li nkedl i st search2( epi t openunber, recursi on_Il evel , (*(IgE +
calling who)).armllinkto,calling who,linklist);

}

}

if((*(1gE + calling_who)).arn®linkto)

{
if((*(Ig + calling_who)).arn2linkto != who_call ed)
{

Li nkedl i st search2( epi t openunber, recursi on_Il evel , (*(IgE +
calling who)).arnglinkto,calling who,linklist);

}
}
}
voi d Updat ePosi tions2(voi d)
{
| ong
i,j,mrecursion_|level 1, boundi ndex, f oundf| ag, t est;
short X,VY;
char gridnotion;
Rect rect;
f I oat
dt het a, dchi, t het aval ue, chi val ue, xt het a, ychi , xri ght, ybott om
fl oat *thetafl oat, *chi fl oat, | cel |l si ze;
voi d *t enpadr ;
CGRect cgRect ;
MyW ndPeek t heW ndPeek;
MyW ndHandl e t heW ndHandl e;

t heW ndHandl e = (MW ndHandl e) Get WRef Con( gCur r ent W ndow) ;
t heW ndPeek = *t heW ndHandl e;

tenpadr = theta,;
thetafloat = (float *)tenpadr;

t enpadr = chi;

chifloat = (float *)tenpadr;
| cellsize = gCell Si ze;
foundflag = true;

for(i=0;i<glgEnunber;i++) (*(IgE + i)).lookedat = 1;
for(i=0;i<gl genunber;i++) (*(1gE2 + i)).|ookedat = 1;
for(i=0;i<kaggdistribsize;i++) gAggregateDistribution[i] = O;
for(i=0;i<glgEnunber;i++)

i f((*(IgE+ti)). | ookedat)



{
i f(((*(1gE+i)).armllinkto == 0) &&
((*(1gE+i)).arnlinkto == 0) &&
((*(1gE2+i)).arnllinkto == 0) &&
((*(1gE2+i)).arn2linkto == 0))
{

gLi nkedl i st Uni on[ 0]
gLi nkedl i st Uni on[ 1]

1;
i;

el se

recursion_levell = 0;
if((*(IgEti)).arntlinkto)
{

gLi nkedlistl[recursion_levell] =i;
recursion_levell += 1;

Li nkedl i st search2(1, & ecursion_level 1, (*(IgE+i)).arnllinkto,i,gLink
edlistl);
}
if((*(IgEti)).arn2linkto)
{

gLi nkedlistl[recursion_levell] =i;
recursion_levell += 1;

Li nkedl i st search2(1, & ecursion_level 1, (*(IgEti)).arn2linkto,i,gLink
edlistl);
}
i f((*(IgE2+i)).armllinkto)
{

gLinkedlistl[recursion_levell] =i;
recursion_levell += 1;

Li nkedl i st search2(2, & ecursion_level 1, (*(1 gE2+i)).armllinkto,i,gLin
kedlistl);
}
i f((*(IgE2+i)).arnlinkto)
{

gLinkedlistl[recursion_levell] =i;
recursion_levell += 1;

Li nkedl i st search2(2, & ecursion_level 1, (*(1 gE2+i)).arnRlinkto,i,gLin
kedlistl);
}

gLi nkedl i st Uni on[ 0] = O;

Cr eat eUni onLi st 2(recursion_| evel 1, gLi nkedl i st 1, gLi nkedl i st Uni on);
}

i f (gLi nkedlistUnion[0] > 48) gAggregateDi stribution[49]
+= 1; /'l keeps track of aggregate size upto 48, pools above 48
el se gAggregateDi stribution[gLi nkedlistUnion[0]] += 1

i f(gLinkedlistUnion[0O] > 1) gAggregateDistribution[O0]
+= 1; /'l keeps track of total aggregates



Fet chadi st ance( &dt het a, &chi ) ;

for (m=1; megLi nkedl i st Uni on[ 0] +1; mt+)
{
j = *(gLinkedlistUnion + m;
if((*(1gE+j)) .l ookedat == 1)
{
thetavalue = *(thetafloat + j);
t het aval ue += dt het a;
i f(thetaval ue <0.0) thetavalue += | cellsize;
i f(thetavalue >= Icellsize) thetavalue -=
| cellsize;

chivalue = *(chifloat + j);
chi val ue += dchi
i f(chivalue <0.0) chivalue += |cellsize;
i f(chivalue >= Icellsize) chivalue -=
| cell size;

*(thetafloat + j) = thetaval ue;
*(chifloat + j) = chivalue;

(*(IgEtj)) .l ookedat = O;

}

/]l the follow ng routines keep track of aggregates to make sure that
repeats do not occur (notably across boundari es)

voi d Linkedlistsearch2(long epitopenunber, |ong *recursion_level, |ong
calling who, long who called, long *linklist)
{

long i;

for(i=0;i<*recursion_|evel;i++)

if(linklist[i] == calling_who) return;
}

linklist[*recursion_|level] = calling_who;
*recursion | evel += 1;
if((*(1gE + calling_who)).armllinkto)
{
if((*(Ig + calling who)).armllinkto != who_call ed)
{

Li nkedl i st search2( epi t openunber, recursi on_Il evel , (*(I gE +
calling who)).armllinkto,calling who,linklist);

}
}
if((*(1gE + calling_who)).arnglinkto)
{

if((*(Ig + calling who)).arn2linkto != who_call ed)
{



Li nkedl i st search2( epi t openunber, recursi on_Il evel , (*(IgE +
cal ling_who)).arn®linkto,calling who,!linklist);

}

}

if((*(1gE2 + calling_who)).arntllinkto)

{
if((*(IgE2 + calling_who)).armllinkto != who_call ed)
{

Li nkedl i st search2( epi t openunber, recursion_Ilevel, (*(1gE2
+ cal ling_who)).armllinkto, calling_who,linklist);
}

}

if((*(1gE2 + calling_who)).arn®2linkto)

{
if((*(IgE2 + calling_who)).arnRlinkto != who_call ed)
{

Li nkedl i st search2( epi t openunber, recursion_Ilevel, (*(1gE2
+ cal ling_who)).arn2linkto,calling_who,linklist);
}

}
}

void CreateUnionList(long Iistlno, long list2no, long *listl, |ong
*list2, long *unionlist)
{

| ong i,j,value,index, unionno;

Bool ean flag;

uni onno = unionlist[0];

i ndex = 0;

for(i=0;i<listlno;i++)

{
value = *(listl + i);
flag = true;
for(j=1;j<unionno+l;j ++)

{
if(value == *(unionlist + j)) flag = fal se;
}
if(flag)
{
i ndex++;
*(unionlist + unionno + index) = val ue;
}

}

unionlist[0] = unionno + index;

uni onno = unionlist[0];

i ndex = 0;

for(i=0;i<list2no;i++)

{
value = *(list2 + i);
flag = true;
for(j=1;j<unionno+l;j ++)
{

if(value == *(unionlist + j)) flag = fal se;

}
i f(flag)
{



i ndex++;
*(unionlist + index) = value;

}

unionlist[0] = unionno + index;

void CreateUnionList2(long listlno, long *listl, long *unionlist)

| ong i,j,value,index, unionno;
Bool ean flag;

uni onno = unionlist[0];

i ndex = 0;
for(i=0;i<listlno;i++)
{
value = *(listl + i);
flag = true;
for(j=1;j <unionno+l;j ++)
if(value == *(unionlist + j)) flag = fal se;
}
if(flag)
Lt
i ndex++;
*(unionlist + unionno + index) = val ue;
}
}
unionlist[0] = unionno + index;
}
voi d SetupEmatri x(voi d)
{

long i,j,k,ntols, mn,Xx,y,next;

Il ong matchi ndex = 0, cmat chi ndex = 0;
fl oat xdel ta, ydelta;

float *thetafl oat, *chi fl oat;

long *IgElinkedlist;

long *Ematrix,*flagarray;

Mat chArray *mat chhol der

void *tenpadr;

tenpadr = theta,;

thetafloat = (float *)tenpadr;
t enpadr = chi

chifloat = (float *)tenpadr;
nmcols = gCel | Si ze/ kdel ta

for(i=0;i<gl gEnunber;i++)

{
X = (long) (*(thetafloat + i)/kdelta);
y = (long)(*(chifloat + i)/kdelta);
if(*(gEmatrix + x +ty*nctols) == 0)
*(gEmatrix + x +y*ntols) =1i;
}

el se



}

next = *(gEmatrix + x +y*ntol s);
whil e(*(gl gEli nkedlist + next) !'= 0)
{

next = *(glgElinkedlist + next);

}
*(glgElinkedlist + next) =i

voi d Lookforlntersections4(sWrkParansPtr parans)

{

long i,j,k,ntols, mn,Xx,y,next;

Il ong matchi ndex = 0, cmat chi ndex = 0;
fl oat xdel ta, ydel ta, delt a2;

float *thetafl oat, *chi fl oat;

long *IgElinkedlist;

long *Ematrix,*flagarray;

Mat chArray *mat ches;

void *tenpadr;

Bool ean dorestingclusters;

tenpadr = theta;

thetafloat = (float *)tenpadr;
tenpadr = chi

chifloat = (float *)tenpadr;

nmcols = gCel | Si ze/ kdel ta
dorestingclusters = gRestingC usters;
mat ches = par ans- >mat ches;

delta2 = kdel t a*kdel t a;

for(i=parans->startE;i<parans->endE;i ++)

{

X
y

(long)(*(thetafloat + i)/kdelta);
(long)(*(chifloat + i)/kdelta);

for(j=x-1;j<=x+1;] ++)

for(k=y-1; k<=y+1; k++)
{ .
m=j;
n = k;
if(j<0) m= ntol s-1;
/1 this fixes edge calls

i f(j>ncols-1) m= 0;
i f(k<0) n = ntols-1
i f(k>ntols-1) n = 0;

next = *(gEmatrix + m +n*ntol s);
i f(next)
{

if(next I'=1)

{

xdel ta

*(thetafl oat + next);

next);

ydelta = *(chifloat + i)

*(thetafloat + i) -

- *(chifloat +



i f(xdelta*xdeltatydelta*ydelta <

del t a2)
{
(*(matches +
mat chi ndex) ). partnerl = i;
(*(matches +
mat chi ndex) ). partner2 = next;
mat chi ndex++
}
/*
i f(dorestingclusters)
{
xdelta = *(thetafloat + i) -
*(thetafl oat + next);
xdel ta = xdel ta*xdel t a;
ydelta = *(chifloat + i) -
*(chifloat + next);
ydelta = ydelta * ydelta
i f(xdel tatydel ta < kdel ta*kdelta)
(*(rmat ches +
mat chi ndex) ). partnerl = i;
(*(rmat ches +
mat chi ndex) ). partner2 = next;
mat chi ndex++;
}
}
el se
{
xdelta = *(thetafloat + i) -
*(thetafl oat + next);
i f(xdelta<0) xdelta *= -1;
ydelta = *(chifloat + i) -
*(chifloat + next);
i f(ydelta<0) ydelta *= -1,
i f(xdelta < kdelta)
{
i f(ydelta < kdelta)
{
(*(matches +
mat chi ndex) ). partnerl = i;
(*(matches +
mat chi ndex) ). partner2 = next;
mat chi ndex++
}
}
}
*/
}

whil e(*(gl gEli nkedlist + next) !'= 0)
{

next = *(glgElinkedlist + next);
if(next I'=1)

{
xdel t a

*(thetafloat + i) -
*(thetafl oat + next);

ydelta = *(chifloat + i) -
*(chifloat + next);



i f(xdelta*xdelta + ydelta*ydelta

< del ta2)
{
(*(rmat ches +
mat chi ndex) ). partnerl = i;
(*(rmat ches +
mat chi ndex) ). partner2 = next;
mat chi ndex++;
}
/*
i f (dorestingcl usters)
{
xdelta = *(thetafloat + i) -
*(thetafl oat + next);
xdelta = xdel ta*xdelta
ydelta = *(chifloat + i) -
*(chifloat + next);
ydelta = ydelta*ydelta
if(xdelta + ydelta <
kdel t a*kdel t a)
{
(*(matches +
mat chi ndex) ). partnerl = i;
(*(matches +
mat chi ndex) ). partner2 = next;
mat chi ndex++
}
}
el se
{
xdelta = *(thetafloat + i) -
*(thetafl oat + next);
i f(xdelta<0) xdelta *= -1
ydelta = *(chifloat + i) -
*(chifloat + next);
i f(ydelta<0) ydelta *= -1
i f(xdelta < kdelta)
{
i f(ydelta < kdelta)
{
(*(mat ches +
mat chi ndex) ). partnerl = i;
(*(rmat ches +
mat chi ndex) ). partner2 = next;
mat chi ndex++;
}
}
}
*/
}
}
}
}
}
}
par ans->m ndex = mat chi ndex;
}

/1 handling of linked lists (nmonitoring what is already cross-I|inked)



Bool ean Checki f Al r eadyLi nked(long k, long m

{
Bool ean flag = fal se;
f((*(IgEtk)).armllinkto == m flag = true;
if((*(1gE+k)).arnmlinkto == m flag = true;
if((*(lgE2+k)).armllinkto == n) flag = true; /1 a bl ock
of these two statenments for each |igand
if((*(1gE2+k)).arnm2linkto == n) flag = true;

return flag;

}
voi d Checkforlinkbi ndi ng(voi d)
{
| ong i,k mx;
fl oat frandom | i nkbi ndi ng;
Bool ean fl ag;
for(i=0;i<ghatchindex;i ++)
k = (*(gMvatches + i)).partnerl
m= (*(gMatches + i)).partner?2;
if(((*(1gEt+k)).armbound == 1) && ((*(l1gEtk)).arnllinkto ==
0))

if(((*(1ge+tm).armlbound == 0) || ((*(IgE+m). arnRbound
{

== 0))

frandom = ranl(&gRanlseed);
i f((*(IgEtm). arnlbound == 0)
{

i f (Checki f Al readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e; /'l checks for cylic dinmer
el se |inkbindi ng = gLi nkBi ndi ngr at e;
flag = true;
i f(frandom < |inkbi ndi ng)
{
| gE+Kk)) . armill i nkt o
| gE+m) ) . armil i nkt o
| gE+m ). armlbound = 1;
[
[

=m
:k,
gE+k)) . li nknunber += 1;

gE+m) . i nknunber += 1;
g = fal se;

}
if(flag & ((*(1 gEtm ). arnbound == 0))
{

frandom = ranl(&gRanlseed);
i f(Checkif Al readyLi nked(k, m)
I'i nkbi ndi ng = gCycli cdi merrat e*gLi nkBi ndi ngr at e; /'l checks for
cylic diner
el se |inkbi ndi ng = gLi nkBi ndi ngr at e;
i f(frandom < | i nkbi ndi ng)

{

(*(1 gE+k)) . armil i nkt o
(*(1 gE+m)) . arnRl i nkt o
(*(lge+m)) . arnbound = 1;

m
k;



(* (1 gE+k)) . i nknunber += 1;
(*(1gE+tm) . 1i nknunber += 1;

}

el se

i f (Checki f Al readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e; /'l checks for cylic dinmer

el se |inkbindi ng = gLi nkBi ndi ngr at e;

i f(frandom < | i nkbi ndi ng)

{
(*(Igetk)).arnllinkto = m
(*(l1ge+tm)).arnRlinkto = k;
(*(1gE+tm)) . arnkbound = 1;
(*(1ge+k)) . li nknunber += 1,
(*(1gE+tm ). |l i nknunber += 1,
}
}
}
}
i f(((*(1gE+k)).arnmbound == 1) && ((*(l1gE+k)).arnRlinkto ==
0))
if(((*(1getm).armlbound == 0) || ((*(IgEtm).arnRbound
== 0))

{
frandom = ranl(&gRanlseed);

i f((*(IgEtm). arnlbound == 0)
{

i f (CheckifAl readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e; /'l checks for cylic dinmer

el se |inkbindi ng = gLi nkBi ndi ngr at e;

flag = true;

i f(frandom < | i nkbi ndi ng)

{
| gE+k) ). arnlinkto = m
| gE+m)) . arntll i nkto = k;
| gE+m ). armlbound = 1;
| gE+K)) . li nknunber += 1;
| gE+m) . | i nknunber += 1;
g = fal se;

(*(
(*(
(*(
(*(
(*(
fla

}
if(flag & ((*(1 gE+tm ). arnbound == 0))
{

i f(Checkif Al readyLi nked(k, m)
I'i nkbi ndi ng = gCycli cdi merrat e*gLi nkBi ndi ngr at e; /'l checks for
cylic diner
el se |inkbi ndi ng = gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

gE+k)) . arn2l i nkt o
gE+m) . arnkl i nkt o

*(| m
“(1 k;
*(1 getm)) . arnkbound = 1;
*(|
*(|

gE+k)) .l i nknunber += 1;
gE+m) .l i nknunber += 1;



}

el se

i f (Checki f Al readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e; /'l checks for cylic dinmer

el se |inkbindi ng = gLi nkBi ndi ngr at e;

i f(frandom < |inkbi ndi ng)

{
(*(lge+tk)).arnRlinkto = m
(*(I1ge+tm)).arnRlinkto = k;
(*(1gE+tm) ). arnkbound = 1;
(*(1ge+k)) . li nknunber += 1,
(*(1gE+tm ). i nknunber += 1,
}

}

| ong Maket heLi nk(float |inkbinding, long m long k, |ong version)
{

| ong W,

fl oat frandom

swi tch(version)
{
case 1:
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
i f(irbit2(&bitnunber)) [l randomy
pi ck which of the k sites m becones bound to

*(1 gE+m)) . armil i nkt o
(*(1 gE+k)) . armil i nkt o
*(1 gE+k)) . armlbound = 1;

inon
32

*(1 gE+m)) . armil i nkt o
(*(1gE+k)).arnRl i nkto
*(1 gE+k)) . ar m2bound = 1;

=~

3

(*(1gE+k)) . i nknunber += 1;
*(1gE+m) . I i nknunber += 1,

case 2:
frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)

{
i f (i rbit2(&bitnunber))

*(1gE+m)) . arn?l i nkto
(*(1 gE+k)) . armil i nkt o
*(1 gE+k)) . armlbound = 1;

3x



{
(*(1gE+m)) . arnlinkto = k;
(*(lgetk)).arn2linkto = m
(*(1gE+k)).arnbound = 1;
}
(*(1gE+k)) . i nknunber += 1;
(*(1gEtm ) . i nknunmber += 1;
}
br eak;
case 3:
if(irbit2(&bitnunber)) /1 randomy pick
whi ch of the k sites m becones bound to
{
(*(1gE+m)) . arntl i nkto = k;
(*(Igetk)).arnllinkto = m
(*(1ge+k)).arnlbound = 1;
w = 1;
}
el se
{
(*(1gE+m)) . arntl i nkto = k;
(*(Igetk)).arnRlinkto = m
(*(1

gE+k)).arn2bound = 1;
2.

}

(*(1gE+k)) . linknunber += 1;
(*(1gEtm) . 1i nknunber += 1;
br

eak;
case 4:
if(irbit2(&bitnunber))
{
(*(l1ge+tm)).arnRlinkto = k;
(*(Igetk)).arnllinkto = m
(*(1gE+k)).arnlbound = 1;
w = 1,
}
el se
{
(*(1getm)).arn2linkto = k;
(*(Igetk)).arn2linkto = m
(*(!

gE+k)).arn2bound = 1;
2.

}

(*(1 gE+k)) . i nknunber += 1;
(*(1gE+m)) . l'i nknunber += 1;
br eak;

}

return w,

}

/1 handl es the actual probabilities of making crosslinks with a bival ent
ligand and a bhivalent |IgE

voi d Checkforlinkbi ndi ng3(voi d)
{



| ong

i,j,k,mx,v,u,w z, test,testl,test2,test3,test4,test5, test6,test7,te
st8,test9, test10,test 11;

f 1 oat frandom I i nkbi ndi ng;
Bool ean flag;
g0l i gands = 0O;

glligand = 0;

glli gandsuccess = 0;

g2l i gands = 0;

g2l i gandsuccess = 0;

g3ligands = 0;

g3l i gandsuccess = 0;

g4l i gands = 0;

for(i=0;i<ghatchindex;i ++)
{

k = (*(gMvatches + i)).partnerl
m= (*(ghatches + i)).partner?2;
if(k ==01]] m==0) {}
el se
{
v = 0;
if((*(1gEtm). arnlbound
v = Vv + 1;
if((*(1gEtm). arn2bound
vV =V + 2;

Vv =V + 4

Vv =V + 8;

switch(v)

{
case 0:
/! no bound I|igands,

ar mLbound

ar nrRbound

1)

1)

1)

1)

so nothing to link

g0l i gands =+ 1;

br eak;

case 1:
/1 m has one bound |igand,

mto k

do if

is all

al |

ot her spots enmpty,

if(r(*(1ge+tm ). armll i nkt o)

/] but first test
it is

{

if this bound site is already |inked,

I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));

out cones besides two failures

/1 2 open sites,

test |ink of

nothing to

so probability



Maket heLi nk( I i nkbi ndi ng, m k, 1);
glli gandsuccess += 1;

glligand += 1,
br eak;

case 2:
/!l mhas one bound ligand, all other spots enpty, test l|ink of
mto k, simlar to case 1
if('(*(1gE+n)). ar Rl i nkt o)
[l but first test if this bound site is already linked, nothing to

doif it is
{
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndingrate)); // 2 open sites, so probability
is all outcones besides two failures
Maket heLi nk( I i nkbi ndi ng, m k, 2);
glli gandsuccess += 1;

glligand += 1,
br eak;

case 3:
/! mhas two bound Iigands, k has none. test |ink
w= ((*(lge+n)).arnmllinkto == 0) +
2*((*(1gE+m) . arn2l i nkto == 0);
g2l i gands += 1;

switch(w)
{
/1 case 0: both arns already |inked
so do not hing
case 1:

/[l only one armis |inkable, reverts to main case

1 above

l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndingrate)); // 2 possible binding sites, so
probability is all outconmes besides two failures

Maket heLi nk(I i nkbi ndi ng, mk, 1);

g2l i gandsuccess += 1;

br eak;

case 2:
/[l only other armis linkable, reverts to main

case 2 above

l'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));

Maket heLi nk(I i nkbi ndi ng, m k, 2);

g2l i gandsuccess += 1;

br eak;

case 3:
/[l both arns are |inkable
l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&Ranlseed);
u = 0;
/1l lots of possible outcones, arnl site of m has
two chances at two k sites and arnR site of mhas two chances



if(frandom < linkbinding) u =u +
1; /] establish outconmes, based on probabilities, first, then resolve
t he choi ces
frandom = ranl(&gRanlseed);
[/ think of u as binary switch, 00 neans no |ink
succeeded, 01 neans M arnl succeeded with K arnml or K arnk, etc.
i f(frandom < linkbinding) u =u +

2;
switch(u)
{
I case 0: both arns
didn't succeed in linking, so do nothing
case 1:
Maket heLi nk( | i nkbi ndi ng, m k, 3);
g2l i gandsuccess
+= 1;
br eak;
case 2:

/1 randomy pick which of the k sites m
beconmes bound to

Maket heLi nk(I i nkbi ndi ng, m k, 4);
g2l i gandsuccess
+= 1;
br eak;

case 3:
/] both ligands succeed, but one has to
suffer cyclizing effect
flag = true;

i f(irbit2(&bitnunber)) /1 random y choose which
gets unfettered binding
{

Z =

Maket heLi nk( | i nkbi ndi ng, m k, 3);
g2l i gandsuccess += 1;

I i nkbi ndi ng
= gCycli cdi merrat e*gLi nkBi ndi ngr at e; /1 now test outcone of cyclizing
possibility

frandom =
ranl( &gRanlseed) ;

i f(frandom
< i nkbi ndi ng)

{

if(z
== 1) /[l can only link to remai ni ng open k
site, k =2
{
(*(IgEtm).arn2linkto = k;
(*(lgEtk)).arn2linkto = m

(*(l1gEtk)).arnRbound = 1;



el se
/] elseits k site 1
{
(*(IgEtm).arn2linkto = k;
(*(lgetk)).arnllinkto = m
(*(l1gEtk)).arnlbound = 1;
}
(*(1gEtk)).linknunmber += 1;
(*(1gEtm) . i nknunber += 1;
g2l i gandsuccess += 1;
}
}
el se
/1l the other possibility, arn2 w ns
toss, so it binds unfettered
{
zZ =
Maket heLi nk( | i nkbi ndi ng, m k, 4) ;
g2l i gandsuccess += 1;
I i nkbi ndi ng = gCycli cdi merrate*gLi nkBi ndi ngr at e;
frandom = ranl(&Ranlseed);
i f(frandom < |inkbi ndi ng)
{
if(z == 1)
{
(*(1gE+m)) . armll i nkto = k;
(*(1gEtk)).arn2linkto = m

(*(1 gE+k)) . arm2bound = 1;

}

el se

{

(*(1gE+m)) . armilinkto = k;
(*(1gE+k)).armtlinkto = m

(*(1gE+k)) . armibound = 1;

}



(*(1 gE+k)) . i nknunber += 1;

(*(1gE+tm) . 1i nknunber += 1;

br eak;

br eak;
br eak;

case 4:
/1 k has one bound Iigand, m has none, test link (symetry
wi th case 1)
if(!'(*(1gE+k)). armllinkt o)
[l but first test if this bound site is already linked, nothing to

doif it is
{
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate)*(1-gLi nkBi ndingrate)); // 2 open sites, so probability
is all outconmes besides two failures
Maket heLi nk( I i nkbi ndi ng, k, m 1) ;
gll i gandsuccess += 1;

}
glligand += 1,
br eak;

case 5:

/!l k and m each have one bound ligand, test link
if(((*(1getm).armllinkto == 0) &&
((*(1gE+k)).armlli nkto == 0))

{
I i nkbi ndi ng = 0. 5*gLi nkBi ndi ngrat e
/1l this is Byron's factor for identical species
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
if(irbit2(&bitnunber))
/1 randomy choose which gets bound

{
(*(1getm)).arntlinkto = k;
(*(lge+k)).arnRlinkto = m
(*(1gEtk)).arnkbound = 1;
(*(1ge+k)) . li nknunber += 1;
(*(1gE+tm ). |l i nknunber += 1,
g2l i gandsuccess += 1;

}

el se

{
(*(l1gEtk)).arntllinkto = m
(*(l1ge+tm)).arnRlinkto = k;
(*(1gE+tm) ). arnkbound = 1;
(*(1ge+k)) . li nknunber += 1,
(*(1gE+tm ). i nknunber += 1,
g2l i gandsuccess += 1;



}

el se
/1l this was the previous version with nmy factor chance of
bi nding (2 chances)
{

/1 and now represents the case where the two species are
not identical, one or both is |inked already
if(!'( ((*(Igetm).armllinkto == k) ||
((*(1gEtk)).armlinkto == m )) // but first checking for whether this is
a potential cyclizing, but doesn't deal with it

if('(*(1gE+n)). armll i nkt o)

{
I'i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{ (*(1gE+m)) . armtl i nkto
(*(1gE+k)).arnlinkto
(*(1gE+k)) . arnRbound =
(*(1 gE+k)) . I i nknunber
(*(1 gE+m)) . i nknunber

g2l i gandsuccess += 1;

}
}
if(!'(*(1gE+k)).armllinkt o)

{
i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{ (*(1gE+k)).armtllinkto
(*(1gE+m)) . arn®l i nkto
(*(1 gE+m)) . ar nRbound =
(*(1 gE+k)) . I i nknunber
(*(1 gE+m)) . | i nknunber

+= 1;
g2l i gandsuccess += 1;

}

g2l i gands += 1;
br eak;



case 6:
/!l k and m each have one bound ligand, test link
if(((*(1gE+m).arnRlinkto == 0) &&
((*(1gE+k)).arntlinkto == 0))

{
I'i nkbi ndi ng = 0. 5*gLi nkBi ndi ngr at e;
/1l this is Byron's factor for identical species
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
i f (i rbit2(&bitnunber))
/1 randomy choose which gets bound

{
(*(1gE+m)) . arn2l i nkto = k;
(*(Igetk)).arnRlinkto = m
(*(1gE+k)) . arn2bound = 1;
(*(1gE+k)) . i nknunber += 1;
(*(1gE+tm ) . i nknunmber += 1;
g2l i gandsuccess += 1;

}

el se

{
(*(lge+k)).arnllinkto = m
(*(1gE+m)) . armilinkto = k;
(*(1 gE+m)) . armlbound = 1;
(*(1gE+k)) . linknunber += 1;
(*(1gE+tm ) . i nknunmber += 1;
g2l i gandsuccess += 1;

}

}
}
el se

/] this was the previous version with nmy factor chance of
bi nding (2 chances)

if(!'( ((*(Igetm).arnRlinkto == k) ||
((*(1gEtk)).armlinkto == m )) // but first checking for whether this is
a potential cyclizing

if(r(*(1ge+tm ). ar nRl i nkt o)
{

I'i nkbi ndi ng =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{

(*(1 gE+m)) . arnRl i nkt o
= k;

(*(1 gE+k)) . arnRl i nkto
=m

(*(1 gE+k)) . ar mRbound =
1;

(*(1 ge+k)) .l i nknunber
+= 1;

(*(1 ge+m)) . | i nknunber
+= 1;

g2l i gandsuccess += 1;



}
}
if(!'(*(1gE+k)). armllinkt o)
{

I'i nkbi ndi ng =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1 gE+k)).armillinkto
=m
(*(1 gE+m) . armill i nkt o
= k;
(*(1 gE+m)) . ar mlbound =
1
(*(1 ge+k)) .l inknunber
+= 1;
(*(1ge+m)) .| i nknunber
+= 1;
g2l i gandsuccess += 1;
}
}
}
}
g2l i gands += 1;
br eak;
case 7.

/1 mhas 2 bound lIigands and k has one, only one chance to |ink
i f (Checki f Al readyLi nked(k, m)

if((*(IgEtm).arnllinkto == k)
{

I'i nkbi ndi ng =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);

i f(frandom < | i nkbi ndi ng)

{
(1gE+m) . arnklinkto k;
(1 gE+k)) . arn®l i nkto m
(1 gE+k)) . arnmkbound = 1;
(
(
I

gE+k)) . li nknunber += 1;
gE+m) . i nknunber += 1;

}

el se

{

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;

I'i nkbi ndi ng =

frandom = ranl(&gRanlseed);

i f(frandom < |inkbi ndi ng)

{

(Ige+m)).arntllinkto = k;
(Igetk)).arn2linkto = m
(1 ge+k)) . arnkbound = 1;
(I1get+k)). i nknunber += 1;
(Ige+m)) .l i nknunber += 1,
I



}

el se

{
w= ((*(lge+tnm)).armllinkto !'= 0) +

2*((*(1gE+m).arn2linkto !'= 0);

gLi nkBi ndi ngr at e)

(*(IgE+m).
(*(1gE+k)).

(*(1gE+k)).

(*(IgE+m).
(*(1gE+k)).

(*(IgE+k)).

+= 1;

+= 1;

gLi nkBi ndi ngr at e;

swi t ch(w)
{

/] both could bind

case O:

I'i nkbi nding = 1-((1-
*(1-gLi nkBi ndi ngrate));

frandom = ranl(&gRanlseed);

i f(frandom < |i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 randomy pick which of the msites k becones bound to

{
armil i nkto = k;
arm2linkto = m
armbound = 1;
}
el se
{
arm2l i nkto = k;
arm2linkto = m

ar nkbound = 1,

}

(*(1 ge+k)) .l i nknunber
(*(1 ge+m)) .| i nknunber
g3l i gandsuccess += 1;
br eak;

case 1:
/1 only arn2 can bind
I'i nkbi nding =

frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

(*(1gE+m)) . arnkl i nkto
(*(1gE+k)) . arnRlinkto
(*(1 gE+k)) . ar mRbound =

(*(1 ge+k)) .l i nknunber



(*(1gE+tm) . | i nknunber
+= 1;
g3l i gandsuccess += 1;

br eak;

case 2:
[/ only arml can bind
I'i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1gE+m)) . armil i nkt o
= k;
(*(1 gE+k)) . arnRl i nkt o
= m
(*(1 gE+k)) . ar mRbound =
1
(*(1 ge+k)) .l i nknunber
+= 1;
(*(1 ge+m)) .| i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 3:
/'l neither can bind
br eak;

}

}
g3ligands += 1;

br eak;

case 8:
/!l k has one bound Iigand, m has none, symetric with case 2
i f((*(1gE+k)).arn2linkto == 0)
[l but first test if this bound site is already linked, nothing to

doif it is
{
i nkbi nding = 1-((1-
gLi nkBi ndi ngrate)*(1-gLi nkBi ndingrate)); // 2 open sites, so probability
is all outconmes besides two failures
Maket heLi nk( I i nkbi ndi ng, k, m 2);
g2l i gandsuccess += 1;

g2l i gands += 1;
br eak;

case 9:
/! both mand k have one bound ligand, simlar to case 5
if(((*(1gE+m).arntlinkto == 0) &&
((*(1gE+k)).arn2linkto == 0))
{



I'i nkbi ndi ng = 0. 5*gLi nkBi ndi ngr at e;
/1 this is Byron's factor for identical species

frandom = ranl(&gRanlseed);

i f(frandom < | i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 randomy choose which gets bound

{
(*(1gE+m)) . armilinkto = k;
(*(lge+k)).arnllinkto = m
(*(1gE+k)).armbound = 1;
(*(1gE+k)) . linknunber += 1;
(*(1gE+m)) . l i nknunber += 1;
g2l i gandsuccess += 1;

}

el se

{
(*(1gE+k)).arn2linkto = m
(*(1 gE+m)).arn2linkto = k;
(*(1 gE+m)) . ar nRbound = 1;
(*(1gE+k)) . i nknunber += 1;
(*(1gE+m)) . i nknunber += 1;
g2l i gandsuccess += 1;

}

}
}
el se

if(!'( ((*(Igetm).armllinkto == k) ||
((*(1gEtk)).arnm2linkto == m )) // but first checking for whether this is
a potential cyclizing

if('(*(1gE+n)). armll i nkt o)

{
I'i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{ (*(1gE+m)) . armtl i nkto
(*(1gE+k)).armtlinkto
(*(1 gE+k)) . ar mibound =
(*(1 gE+k)) . I i nknunber
(*(1 gE+m)) . i nknunber

g2l i gandsuccess += 1;

}
}
i f(!'(*(1gE+k)). ar nRl i nkt o)

{
I'i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);



i f(frandom < | i nkbi ndi ng)

{
(*(1 gE+k)) . arnRl i nkto
= m
(*(1gE+m)) . arnRl i nkt o
= k;
(*(1 gE+m)) . ar nRbound =
1
(*(1 ge+k)) .l inknunber
+= 1;
(*(1 ge+m)) .| i nknunber
+= 1;
g2l i gandsuccess += 1;
}
}
}
g2l i gands += 1;
br eak;
case 10:

/1 both mand k have one bound ligand, simlar to case 6
if(((*(1getm)).arnm2linkto == 0) &&
((*(1gE+k)).arn2li nkto == 0))

{
I'i nkbi ndi ng = 0. 5*gLi nkBi ndi ngr at e;
/1 this is Byron's factor for identical species
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/'l randomy choose which gets bound

{
(*(l1ge+tm)).arnRlinkto = k;
(*(l1gEtk)).arntllinkto = m
(*(1ge+k)).arnlbound = 1;
(*(1gEtk)).li nknunber += 1;
(*(1ge+m) . i nknunber += 1,
g2l i gandsuccess += 1;

}

el se

{
(*(lge+k)).arnRlinkto = m
(*(1getm)).arntlinkto = k;
(*(1ge+m)) . arnlbound = 1;
(*(1gEtk)).li nknunber += 1,
(*(1ge+m) . i nknunber += 1,
g2l i gandsuccess += 1;

}

}
}
el se

if('( ((*(Igetm).arnRlinkto == k) ||
((*(1gE+k)).arnmlinkto == m )) // but first checking for whether this is
a potential cyclizing

if('(*(1gE+n)). ar nRl i nkt o)



I'i nkbi ndi ng =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1 gE+m)) . arnRl i nkt o
= k;
(*(1 gE+k)) . armil i nkt o
=m
(*(1 gE+k)) . ar mlbound =
1
(*(1 ge+k)) .l i nknunber
+= 1;
(*(1 ge+m)) .| i nknunber
+= 1;
g2l i gandsuccess += 1;
}

}
i f(r(*(1gEt+k)). arn2linkt o)
{

I'i nkbi ndi ng =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

(*(1 gE+k)) . arnRl i nkto

=m
(*(1 gE+m) . armil i nkt o
| (*(1 gE+m)) . armlbound =
1
(*(1 ge+k)) .l i nknunber
+= 1;
(*(1 ge+m)) . | i nknunber
+= 1;
g2l i gandsuccess += 1;
}
}
}
}
g2l i gands += 1;
br eak;
case 11:

/1 k has one bound |igand and mhas 2 bound ligands, simlar to
case 7
i f(CheckifAl readyLi nked(k, m)

i f((*(IgEtm).arnllinkto == k)
{

I'i nkbi ndi ng =

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)

| gE+m) . arnRl i nkt o K;
| gE+Kk) ) . armill i nkt o m
[
[

gE+k)) . armlbound = 1;



(*(IgE+tm) . 1i nknunber += 1;
g3l i gandsuccess += 1;

}
}
el se
{
I'i nkbi ndi ng =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)
{
(*(1ge+tm)).arnllinkto = k;
(*(l1gEtk)).arntllinkto = m
(*(1ge+k)).arnlbound = 1;
(*(1gEtk)). i nknunber += 1;
(*(1ge+m ).l i nknunber += 1,
g3l i gandsuccess += 1;
}
}
}
el se

w= ((*(lgetm)).arnllinkto = 0) +
2*((*(1gE+m).arn2linkto !'= 0);
swi t ch(w)

{
case O:
/1 both could bind
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 randomy pick which of the msites k becones bound to

{
(*(1gE+m)) . armilinkto = k;
(*(1gE+k)).armilinkto = m
(*(1 gE+k)).armibound = 1;
élse
{
(*(1gE+m)) . arnlinkto = k;
(*(1gE+k)).armilinkto = m

(*(l1gEtk)).arnlbound = 1;

}

(*(1getk)) . linknurber
+= 1;

(*(1ge+tm)) . | i nknunber
+= 1;

g3l i gandsuccess += 1;

br eak;



case 1:
[l only arn2 can bind
I'i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1gE+m)) . arnkl i nkto

(*(1 gE+k)).armillinkto
(*(1 gE+k)) . ar mlbound =
(*(1 ge+k)) .l inknunber
(*(1 ge+m)) . | i nknunber
g3l i gandsuccess += 1;
br eak;
case 2:
/1 only arml can bind
I'i nkbi nding =
gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1 gE+m) . armil i nkt o
= k;
(*(1gE+k)).armillinkto
=m
(*(1 gE+k)) . armlbound =
1
(*(1 ge+k)) .l inknunber
+= 1;
(*(1 ge+m)) . | i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 3:
/!l neither can bind
br eak;
}
}
g3ligands += 1;
br eak;
case 12:
/'l k has two bound |igands and m has none, simlar to
case 3

w= ((*(lgE+tk)).arnmllinkto == 0) +
2*((*(1gE+k)) . arn2l i nkto == 0);
switch(w)

{



case 1:
/[l only one armis |inkable, reverts to main case

1 above

I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrat e) *(1- gLi nkBi ndi ngrate)); // 2 possible binding sites, so
probability is all outconmes besides two failures

Maket heLi nk(I i nkbi ndi ng, k, m 1) ;

br eak;

case 2:
/[l only other armis linkable, reverts to main
case 2 above
l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
Maket heLi nk(I i nkbi ndi ng, k, m 2);
br eak;

case 3:
/1 both arnms are |inkable
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
u = 0;
/1 lots of possible outcones, arnl site of m has
two chances at two k sites and arn2 site of mhas two chances
if(frandom < |inkbinding) u =u +
1; /] establish outconmes, based on probabilities, first, then resolve
t he choi ces
frandom = ranl(&gRanlseed);
/1 think of u as binary switch, 00 neans no |ink succeeded, 01
means M arml succeeded with K arnl or K arn?, etc.
i f(frandom < linkbinding) u =u +

2,
swi t ch(u)
{
case 1:
Maket heLi nk(I i nkbi ndi ng, k, m 3);
g2l i gandsuccess
+= 1;
br eak;
case 2:

/1 randomy pick which of the k sites m
beconmes bound to

Maket heLi nk(I i nkbi ndi ng, k, m 4);
g2l i gandsuccess
+= 1;
br eak;

case 3:
/] both ligands succeed, but one has to
suffer cyclizing effect

flag = true;

if(irbit2(&bitnunber)) /1l random y choose which
gets unfettered binding
{



Maket heLi nk( I i nkbi ndi ng, k, m 3) ;

I i nkbi ndi ng
= gCycli cdi merrat e*gLi nkBi ndi ngr at e; /1 now test outcone of cyclizing
possibility

frandom =
ranl( &gRanlseed) ;

i f(frandom
< |li nkbi ndi ng)

{

if(z
== 1) /[l can only link to remai ning open k
site, k =2
{
(*(lIgEtk)).arn2linkto = m
(*(lgetm)).arn2linkto = k;
(*(1gE+m)) . arnRbound = 1;
}
el se
/[l elseits k site 1
{
(*(lIgEtk)).arn2linkto = m
(*(IgEtm).arnllinkto = k;
(*(1gEtm) . arnilbound = 1;
}
(*(1getk)).linknumber += 1;
(*(1gEtm) . i nknunber += 1;
g2l i gandsuccess += 1;
}
}
el se
/1 the other possibility, arn2 w ns
toss, so it binds unfettered
{
Z =
Maket heLi nk( I i nkbi ndi ng, k, m 4);
I'i nkbi ndi ng = gCycli cdi merrate*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)
{
if(z == 1)
{

(*(lgetk)).arnllinkto = m



(*(IgEtm).arn2linkto = k;

(*(1gEtm) . arnkbound = 1;

}

el se

{

(*(lgEtk)).arnllinkto = m

(*(lgetm)).arntllinkto = k;
(*(1gE+m)) . arnilbound = 1;

}

(*(1gEtk)).linknunmber += 1;
(*(1gEtm) . i nknunber += 1;

g2l i gandsuccess += 1;

}
}
br eak;
}
br eak;
}
g2l i gands += 1;
br eak;
case 13:

/1 k has two bound |igands and m has one, simlar to case 7
i f (CheckifAl readyLi nked(k, m)

i f((*(IgEtk)).arnllinkto ==
{

I'i nkbi ndi ng =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);

i f(frandom < |inkbi ndi ng)

{

(Ige+k)).arnRlinkto = m

(IgEtm)).arnlinkto = k;
(1 ge+m)) . arnkbound = 1;
(I1get+k)). i nknunber += 1;
(Ige+m)) . | i nknunber += 1,
li

}

el se

{

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;

I'i nkbi ndi ng =

frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)

{



(*(1 gE+k)).armllinkto = m
(*(IgE+m).arnklinkto = k;
(*(1gE+m)) . arm2bound = 1;
(*(1'gE+k)). i nknunber += 1;
(*(1 gE+m) . i nknunber += 1;
g3l i gandsuccess += 1;
}
}

}

el se

{

w= ((*(lgEt+tk)).arnllinkto = 0) +
2*((*(1gE+k)).arn2linkto !'= 0);
swi tch(w)

{
case O:
/'l both could bind
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

i f(irbit2(&bitnunber))
/1 randomy pick which of the msites k becones bound to

{
(*(1gE+k)).armilinkto = m
(*(1gE+m)).arnlinkto = k;
(*(1 gE+m)) . armbound = 1;
Llse
{
(*(1gE+k)).arn2linkto = m
(*(1gE+m)) . arnlinkto = k;

(*(1 ge+m)) . arnRbound = 1;

}
(*(1 ge+k)) .l i nknunber

+= 1;
(*(1 ge+m)) .| i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 1:
[l only arn2 can bind
I'i nkbi nding =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1 gE+k)) . arnRl i nkto

(*(1 gE+m)) . arnRl i nkt o



1
+= 1;
+= 1;

(*(1gE+m)) . ar n2bound =
(*(1 ge+k)) .l i nknunber
(*(1 ge+m)) . | i nknunber
g3l i gandsuccess += 1;

br eak;

case 2:

/1 only arml can bind

gLi nkBi ndi ngr at e;

}
g3ligands += 1;

I'i nkbi ndi ng =

frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{ (*(1gE+k)) . armtlinkto
(*(1gE+m)) . arn®l i nkto
(*(1 gE+m)) . ar nRbound =
(*(1 gE+k)) . I i nknunber
(*(1 gE+m)) . | i nknunber

g3l i gandsuccess += 1;

br eak;

case 3:
/'l neither can bind

br eak;

/1 k has two bound |igands and m has one, simlar to case 13, other

=m

= k;

1;

+= 1;

+= 1;

br eak;
case 14:

arm

i f (Checkif Al readyLi nked(k, m)

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;

if((*(IgEtk)).arntlinkto ==
{

el se

I'i nkbi ndi ng =

frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)

{

(*(l1getk)).arn2linkto = m
(*(l1ge+tm)).arnllinkto = k;
(*(1gE+tm)) . arnllbound = 1;
(*(1ge+k)) . li nknunber += 1,
(*(1gE+tm ). i nknunber += 1,
g3l i gandsuccess += 1;



{

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;

I'i nkbi ndi ng =

frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)

{
(*(lge+k)).arnllinkto = m
(*(1getm)).arntlinkto = k;
(*(1ge+m)) . arnlbound = 1;
(*(1ge+k)) . li nknunber += 1;
(*(1gEtm ). i nknunber += 1;
g3l i gandsuccess += 1;
}
}
}
el se
{

w= ((*(lgEtk)).arnllinkto = 0) +
2*((*(1gE+k)).arn2linkto !'= 0);
sw t ch(w)

case O:
/1 both could bind
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
if(irbit2(&bitnunber))
/1 randomy pick which of the msites k becones bound to

{
(*(1gE+k)) . armilinkto = m
(*(1gE+m) . arnilinkto = k;
(*(1gE+m)) . ar mibound = 1;
élse
{
(*(1gE+k)).arnRlinkto = m
(*(1gE+m)) . armilinkto = k;

(*(lgE+m)) . arnilbound = 1;

}
(*(1 ge+k)) .l i nknunber

+= 1;
(*(1ge+tm)) . | i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 1:
/1 only arn2 can bind
i nkbi ndi ng =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);



i f(frandom < | i nkbi ndi ng)

{
(*(1 gE+k)).arn2linkto
(*(1 gE+m) . armill i nkto
(*(1 gE+m)) . ar mlbound =
(*(1 ge+k)) .l inknunber
(*(1 ge+m)) .| i nknunber
g3l i gandsuccess += 1;
br eak;

case 2:
/1 only arml can bind
l'i nkbi nding =
gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1gE+k)).armilinkto
=m
(*(1gE+m)) . armil i nkto
= k;
(*(1 gE+m)) . ar mlbound =
1
(*(1 ge+k)) .l inknunber
+= 1;
(*(1 ge+m)) . | i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 3:
/! neither can bind
br eak;
}
g3ligands += 1;
br eak;
case 15:
/1 all have bound ligands, no |inking possible, nothing to do
g4l igands += 1;
br eak;
}
}
}
}
voi d Checkforlinkbi ndi ng2(voi d)
{

| ong i,j,k, mx;



fl oat
Bool ean

frandom I i nkbi ndi ng;
flag;

for(i=0;i<ghatchindex;i ++)
{
k

m

(*(ghvatches + i)).partnerl
(*(ghvatches + i)).partner?2;

i f(((*(1gE2+k)). ar nlbound 1) && ((*(1gE2+K)).armllinkto

0))

if(((*(1gE2+m ). ar nllbound
((*(1gE2+m) ) . ar nr2bound 0))
{

frandom = ranl(&gRanlseed);
if((*(lgE2+m)). ar mLbound
{

0) |1

0)

i f(CheckifAl readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e2*gLi nkBi ndi ngr at e2; /'l checks for cylic dinmer

el se |inkbindi ng = gLi nkBi ndi ngrate2

flag = true;

i f(frandom < | i nkbi ndi ng)

{
(*(1geE2+k)).armllinkto = m
(*(1ge2+m ). armll i nkto = k;
(*(1ge2+m ). armlbound = 1;
(*(1gE2+K) ). |l i nknunber += 1;
(*(1gE2+m) . I i nknunber += 1;
flag = fal se;

}
if(flag & ((*(1gE2+m) ). arnRbound == 0))
{
frandom = ranl(&gRanlseed);
i f(CheckifAl readyLi nked(k, m)
I i nkbi ndi ng = gCycli cdi nmerrat e2*gLi nkBi ndi ngr at e2; /'l checks for
cylic diner
el se |inkbi ndi ng = gLi nkBi ndi ngrate2;
i f(frandom < | i nkbi ndi ng)

{
(*(1gE2+K)).armllinkto = m
(*(lgE2+m) ) . arn2l i nkt o = Kk;
(*(1gE2+m) ) . ar nRbound = 1;
(*(1gE2+K)) . i nknunber += 1;
(*(l1gE2+M)) . i nknunber += 1;
}
}
}
el se

i f(CheckifAl readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e2*gLi nkBi ndi ngr at e2; /'l checks for cylic dinmer
el se |inkbindi ng = gLi nkBi ndi ngrate2
i f(frandom < |inkbi ndi ng)
{
armil i nkt o m
.arnlinkto k;
.arnbound = 1;
.Iinknunber += 1;
.Ii nknunber += 1;



}
i f(((*(1gE2+k)). ar n2bound

1) && ((*(1gE2+k)).arn®linkto
0))

if(((*(1gE2+m ). ar nilbound
((*(1gE2+m)) . ar m2bound 0))
{

frandom = ranl(&gRanlseed);
if((*(lgE2+m)). ar mLbound
{

0) |1

0)
i f(CheckifAl readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e2*gLi nkBi ndi ngr at e2; /'l checks for cylic dinmer
el se |inkbindi ng = gLi nkBi ndi ngrat e2;
flag = true;
i f(frandom < |inkbi ndi ng)

{
(*(1geE2+k)).arn2linkto = m
(*(1ge2+m) . armll i nkto = k;
(*(1ge2+m ). armlbound = 1;
(*(1geE2+K)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
flag = fal se;

}
if(flag & ((*(1gE2+m) ). arm2bound == 0))
{

i f(Checkif Al readyLi nked(k, m)
I i nkbi ndi ng = gCycli cdi nmerrat e2*gLi nkBi ndi ngr at e2; /'l checks for
cylic diner
el se |inkbi ndi ng = gLi nkBi ndi ngrate2;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1gE2+K)).arn2linkto = m
(*(lgE2+m) ) . arn2l i nkt o = Kk;
(*(1gE2+m) ) . ar nRbound = 1;
(*(1gE2+K)) . i nknunber += 1;
(*(l1gE2+m)) . | i nknunber += 1;
}
}
}
el se

i f(CheckifAl readyLi nked(k, m) |inkbinding =
gCycl i cdi merrat e2*gLi nkBi ndi ngr at e2; /'l checks for cylic dinmer

el se |inkbindi ng = gLi nkBi ndi ngrat e2;

i f(frandom < | i nkbi ndi ng)

{
(*(1gE2+k)).arn2linkto = m
(*(1gE2+m ). arn2l i nkto = k;
(*(1ge2+m ). arm2bound = 1;
(*(1gE2+K) ).l inknunber += 1;
(*(1geE2+m) . 1 i nknunber += 1;
}



}

| ong Maket heLi nk2(fl oat |inkbinding, long m long k, |ong version)

{
| ong W,
fl oat f random

swi t ch(version)
{
case 1:
frandom = ranl(&Ranlseed);
i f(frandom < | i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
pi ck which of the k sites m becones bound to

{
(*(lgE2+m) ) . armll i nkt o = Kk;
(*(lgE2+K)).armllinkto = m
(*(l1gE2+K)) . armlbound = 1;
}
el se
{
(*(l1gE2+m) ) . armil i nkt o = k;
(*(lgE2+K)).arnRlinkto = m
(*(1gE2+K)) . arnRbound = 1;
}

(*(1gE2+K) ). li nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;

br eak;
case 2:

frandom = ranl(&Ranlseed);
i f(frandom < |inkbi ndi ng)

{
i f(irbit2(&bitnunber))
{
(*(1gE2+n)) . arnlinkto = k;
(*(1gE2+k)).armilinkto = m
(*(1gE2+k)) . ar mLbound = 1;
}
el se
{
(*(1gE2+m) ). arnRl i nkto = k;
(*(1gE2+k) ). arn2linkto = m
(*(1gE2+k)) . armRbound = 1;
}
(*(1gE2+K) ). |l i nknunber += 1;
(*(1gE2+m)) . | i nknunber += 1;
}
br eak;
case 3:

i f(irbit2(&bitnunber))
whi ch of the k sites m becones bound to

{
(*(1gE2+m)) . armllinkto = k;
(*(1gE2+k)).armllinkto = m
(* (1 gE2+k)) . ar mlbound = 1;

1

[l randomy

random y pi ck



el se

(*(1 gE2+m)) . armil i nkto

(*(1 gE2+k) ). ar n2l i nkt o

(*(1gE2+k)) . ar n2bound = 1;
:2;

3=

}
(*(1 gE2+K)) . | i nknunber += 1;
(*(IgE2+m)) . i nknunber += 1;
br eak;
case 4:

if(irbit2(&bitnunber))

{

(*(1gE2+m)) . arnRlinkto = k;
(*(1gE2+k)).armllinkto = m
(* (1 gE2+k)). ar mlbound = 1;

=1

w
el se

(*(1 gE2+nm) ). arnlinkto = k;
(*(1gE2+k)).arnRlinkto = m
(*(1gE2+k)). armRbound = 1;
w = 2;

}
(*(1gE2+K)) . i nknunber += 1;
(*(1gE2+M)) . i nknunber += 1;
br eak;

}

return w

voi d Checkforlinkbi ndi ng4(voi d)

| ong

i,j,k,mx,v,u,w z, test,testl,test2,test3,test4,test5, test6,test7,te
st8,test9,test10,test 11;

fl oat frandom I i nkbi ndi ng;

Bool ean flag;

g0l i gands = 0O;
glligand = 0;

glli gandsuccess = 0;
g2l i gands = 0;
g2l i gandsuccess = 0;
g3ligands = 0;
g3l i gandsuccess = 0;

g4l i gands = 0;

for(i=0;i<ghatchindex;i ++)
{
k

m

(*(ghvatches + i)).partnerl
(*(ghvatches + i)).partner?2;

if(k ==01]] m==0) {}
el se



i f((*(1gE2+m)). ar mlbound == 1)
{ v = Vv + 1;
i}f((*(lgEzm).arnebound == 1)
{ vV =V + 2;
?f((*(IgE2+k)).armlbound == 1)
{ vV =V + 4

}
if((*(1gE2+k)) . arnmbound == 1)
{

vV =V + 8;
}
switch(v)

case O:

/1 no bound ligands, so nothing to |ink
g0l i gands =+ 1;
br eak;

case 1:
/1 mhas one bound ligand, all other spots enpty, test link of
mto k
if('(*(1geE2+m ). arnil i nkt 0)
[l but first test if this bound site is already linked, nothing to

doif it is
{
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate)*(1-gLi nkBi ndingrate)); // 2 open sites, so probability
is all outconmes besides two failures
Maket heLi nk2(1i nkbi ndi ng, m k, 1) ;
glli gandsuccess += 1;

}
glligand += 1,
br eak;

case 2:

/1 mhas one bound ligand, all other spots enpty, test link of
mto k, simlar to case 1
if('(*(1geE2+m ). arn2l i nkt 0)
[l but first test if this bound site is already linked, nothing to
doif it is

I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndingrate)); // 2 open sites, so probability
is all outcones besides two failures

Maket heLi nk2(1i nkbi ndi ng, m k, 2);

glli gandsuccess += 1;

glligand += 1,
br eak;

case 3:
/! mhas two bound |igands, k has none. test |ink



w = ((*(1gE2+m).armllinkto == 0) +
2*((*(1gE2+m)).arn2linkto == 0);
g2l i gands += 1;

swi tch(w)
{
/1 case 0: both arns already |inked
so do nothing
case 1:

/!l only one armis |linkable, reverts to nmain case

1 above

l'i nkbi nding = 1-((1-
gLi nkBi ndi ngrat e) *(1- gLi nkBi ndi ngrate)); // 2 possible binding sites, so
probability is all outconmes besides two failures

Maket heLi nk2( 1 i nkbi ndi ng, m k, 1) ;

g2l i gandsuccess += 1;

br eak;

case 2:
/!l only other armis |inkable, reverts to nmain

case 2 above

l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));

Maket heLi nk2( 1 i nkbi ndi ng, m k, 2);

g2l i gandsuccess += 1;

br eak;

case 3:
/1 both arnms are |inkable
l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
u = 0;
/1 lots of possible outcones, arnl site of m has
two chances at two k sites and arn2 site of mhas two chances
i f(frandom < linkbinding) u =u +
1; /] establish outconmes, based on probabilities, first, then resolve
t he choi ces
frandom = ranl(&gRanlseed);
[/ think of u as binary switch, 00 neans no |ink
succeeded, 01 neans M arnl succeeded with K arnml or K arnk, etc.
i f(frandom < linkbinding) u =u +

2;
swi tch(u)
{
/1 case 0: both arns
didn't succeed in linking, so do nothing
case 1:
Maket heLi nk2( 1 i nkbi ndi ng, m k, 3);
g2l i gandsuccess
+= 1;
br eak;
case 2:

/1 randomy pick which of the k sites m
beconmes bound to

Maket heLi nk2( 1 i nkbi ndi ng, m k, 4) ;



g2l i gandsuccess
+= 1;
br eak;

case 3:
/] both ligands succeed, but one has to
suffer cyclizing effect
flag = true;

i f(irbit2(&bitnunber)) /1 random y choose which
gets unfettered binding
{

zZ =

Maket heLi nk2(| i nkbi ndi ng, m k, 3) ;
g2l i gandsuccess += 1;

I i nkbi ndi ng
= gCycli cdi merrat e*gLi nkBi ndi ngr at e; /1 now test outcone of cyclizing
possibility

frandom =
ranl( &gRanlseed) ;

i f(frandom
< i nkbi ndi ng)

{

if(z
== 1) /[l can only link to remai ning open k
site, k =2
{
(*(l1gE2+m) ) . arn®l i nkt o = k;
(*(1gE2+K)).arnRlinkto = m
(*(1 gE2+K)) . ar nRbound = 1;
}
el se
/] elseits k site 1
{
(*(lgE2+m)) . arn2l i nkt o = Kk;
(*(l1gE2+K)).armllinkto = m
(*(1gE2+K)) . armlbound = 1;
}
(*(1gE2+K)) . i nknunber += 1;
(*(l1gE2+M)) . i nknunber += 1;
g2l i gandsuccess += 1;
}
}
el se
/1 the other possibility, arn2 w ns
toss, so it binds unfettered
{
zZ =

Maket heLi nk2(| i nkbi ndi ng, m k, 4) ;



g2l i gandsuccess += 1;

I i nkbi ndi ng = gCycli cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&Ranlseed);

i f(frandom < |inkbi ndi ng)

if(z == 1)

{
(*(1 gE2+m)) . armil i nkto

1
=~

(*(1 gE2+k)) . arn2l i nkt o

I
3

(*(1 gE2+k)) . arn2bound = 1;

}

el se

{
(*(1 gE2+m)) . armil i nkto

1
=~

(*(1 gE2+k)) . ar mll i nkt o

I
3

(*(1 gE2+k)). ar nlbound = 1;
}
(*(1gE2+K)) . i nknunber += 1;

(*(IgE2+m)) . | i nknunber += 1;

br eak;

br eak;
br eak;

case 4:
/1 k has one bound Iigand, m has none, test link (symetry
wi th case 1)
i f('(*(1gE2+k)). arntl i nkt 0)
/1 but first test if this bound site is already linked, nothing to

doif it is
{
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate)*(1-gLi nkBi ndingrate)); // 2 open sites, so probability
is all outconmes besides two failures
Maket heLi nk2(1i nkbi ndi ng, k, m 1) ;
glli gandsuccess += 1;



glligand += 1,
br eak;

case b:
/1 k and m each have one bound ligand, test |ink
if(((*(1gE2+m ). arnll i nkto == 0) &&
((*(1gE2+k)).armllinkto == 0))

{
I'i nkbi ndi ng = 0. 5*gLi nkBi ndi ngr at e;
/1l this is Byron's factor for identical species
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 randomy choose which gets bound

{
(*(1ge2+m ). armll i nkto = k;
(*(1geE2+k)).arn2linkto = m
(*(1 ge2+k)) . arnmbound = 1;
(*(1gE2+K) ).l inknunber += 1;
(*(1gE2+m) . | i nknunber += 1;
g2l i gandsuccess += 1;

}

el se

{
(*(1geE2+Kk)).armllinkto = m
(*(1gE2+m ). arn2l i nkto = k;
(*(1ge2+m ). arm2bound = 1;
(*(1gE2+K) ).l inknunber += 1;
(*(1gE2+m) . I i nknunber += 1;
g2l i gandsuccess += 1;

}

}
}
el se

/1l this was the previous version with nmy factor chance of
bi nding (2 chances)
{

/1 and now represents the case where the two species are
not identical, one or both is Iinked already
if(!'( ((*(IgE2+m).arntllinkto == k) |
((*(lgE2+k)).armllinkto == nm) )) // but first checking for whether this
is a potential cyclizing, but doesn't deal with it

if('(*(1geE2+m ). arnil i nkt 0)

{
I'i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

(*(1 gE2+m)) . armil i nkto

(*(1 gE2+k)) . arn2l i nkt o



(*(1gE2+k)) . ar n2bound

= 1;
(*(1 gE2+k)) . i nknunber
+= 1;
(*(1gE2+m) . I i nknunber
+= 1;
g2l i gandsuccess += 1;
}
}
if(!'(*(1gE2+k)). armnllinkt o)
{
I'i nkbi nding =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)
(*(1 gE2+k)) . ar il i nkto
=m
(*(1gE2+m)) . arnl i nkto
= k;
(*(1gE2+m)) . ar nRbound
= 1;
(* (1 gE2+k)) . I i nknunber
+= 1;
(*(1 gE2+m)) . | i nknunber
+= 1;
g2l i gandsuccess += 1;
}
}
}
}
g2l i gands += 1;
br eak;
case 6:

/1 k and m each have one bound ligand, test |ink
if(((*(1gE2+m).arn2l i nkto == 0) &&
((*(1gE2+k)).armllinkto == 0))

{
I'i nkbi ndi ng = 0. 5*gLi nkBi ndi ngr at e;
/1 this is Byron's factor for identical species
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

i f(irbit2(&bitnunber))
/1 random y choose which gets bound

{
(*(1gE2+m ). arn2l i nkto = k;
(*(1gE2+k)).arn2linkto = m
(*(1 ge2+k)) . arnmbound = 1;
(*(1gE2+K) ).l inknunber += 1;
(*(1geE2+m) . I i nknunber += 1;
g2l i gandsuccess += 1;

}

el se

{

(*(1geE2+k)).armllinkto = m



}

el se

(*(1gE2+m ). armll i nkto = k;
(*(1ge2+m ). armlbound = 1;
(*(1gE2+K)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g2l i gandsuccess += 1;

/] this was the previous version with nmy factor chance of

bi nding (2 chances)

((*(1gE2+k)).armllinkto ==
is a potential cyclizing

gLi nkBi ndi ngr at e;

gLi nkBi ndi ngr at e;

{

if(!'( ((*(IgE2+m).arnRlinkto == k) |
m )) // but first checking for whether this

if('(*(1geE2+m ). arn2l i nkt 0)
{

I'i nkbi ndi ng =

frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{ (*(1 gE2+m)) . ar n2l i nkt 0
(* (1 gE2+k)) . arn2linkto
(* (1 gE2+k)) . ar nRbound
(*(1gE2+k)) . | i nknunber
(*(1gE2+m) ). | i nknunber

g2l i gandsuccess += 1;

}

}
i f('(*(1gE2+k)). arnill i nkt 0)
{

}
g2l i gands += 1;

I'i nkbi ndi ng =

frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{ (* (1 gE2+k)) . arnilinkto
(*(1gE2+n)) . arnilinkto
(*(1 gE2+m) ) . ar mLbound
(*(1gE2+k)) . | i nknunber
(*(1gE2+m) ). | i nknunber

g2l i gandsuccess += 1;



br eak;

case 7:
/1 mhas 2 bound lIigands and k has one, only one chance to |ink
i f (Checkif Al readyLi nked(k, m)

if((*(IgE2+m)) . armll i nkto == k)
{

I'i nkbi ndi ng =

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1gE2+m ). arn2l i nkto = k;
(*(1geE2+k)).arn2linkto = m
(*(1gE2+K)) . arbound = 1;
(*(1gE2+K)) .l i nknunber += 1;
(*(1gE2+m)) . I i nknunber += 1;
g3l i gandsuccess += 1;
}
}
el se
{
I i nkbi ndi ng =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)
{
(*(1gE2+m ). armll i nkt o = k;
(*(1gE2+k)).arn2linkto = m
(*(1 gE2+k)). ar mM2bound = 1;
(*(1gE2+K)). i nknumber += 1;
(*(1gE2+m) . | i nknumber += 1;
g3l i gandsuccess += 1;
}
}
}
el se
{

w= ((*(lgE2+m).armllinkto != 0) +
2*((*(1gE2+m)).arnRlinkto !'= 0);

swi t ch(w)

{

/! both could bind

case O:

I'i nkbi nding = 1-((1-

gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 randomy pick which of the msites k becones bound to
{

(*(1 gE2+m)) . armil i nkto

1
=~

(*(1 gE2+k)) . arn2l i nkt o

I
3



(*(1gE2+k)) . ar nRbound = 1;

}

el se

{
(*(1gE2+m)) . arnRlinkto = k;
(*(1gE2+k) ). arn2linkto = m

(*(1gE2+k)) . ar nRbound = 1;

}
(*(1 gE2+k)) . | i nknunber

+= 1;
(*(1 gE2+m)) . | i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 1:
[l only arn2 can bind
l'i nkbi nding =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1 gE2+m)) . arnRl i nkto
(*(1gE2+k)). arn2l i nkto
(*(1gE2+k)) . ar n2bound
(*(1 gE2+k)) . li nknunber
(*(1 gE2+m)) . | i nknunber
g3l i gandsuccess += 1;
br eak;

case 2:
[/ only arml can bind
l'i nkbi nding =
gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{

(*(1gE2+m) ) . ar mll i nkt o
= k;

(*(1 gE2+k)). arnRlinkto
= m

(*(1gE2+k)) . ar n2bound
= 1;

(*(1 gE2+k)) . li nknunber
+= 1;

(*(1 gE2+m)) . | i nknunber
+= 1;

g3l i gandsuccess += 1;



br eak;

case 3:
/'l neither can bind
br eak;
}

}
g3ligands += 1;

br eak;

case 8:
/1l k has one bound Iigand, m has none, symetric with case 2
if((*(1gE2+k)).arnRlinkto == 0)
/1 but first test if this bound site is already linked, nothing to

doif it is
{
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndingrate)); // 2 open sites, so probability
is all outconmes besides two failures
Maket heLi nk2(1i nkbi ndi ng, k, m 2);
g2l i gandsuccess += 1;

g2l i gands += 1;
br eak;

case 9:
/! both mand k have one bound ligand, simlar to case 5
if(((*(1gE2+m).arnll i nkto == 0) &&
((*(1gE2+k)).arnmRlinkto == 0))

{
I'i nkbi ndi ng = 0. 5*gLi nkBi ndi ngr at e
/1l this is Byron's factor for identical species
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 random y choose which gets bound

{
(*(1gE2+m ). armll i nkto = k;
(*(1geE2+k)).armllinkto = m
(*(1gE2+Kk)) . armbound = 1;
(*(1geE2+K)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g2l i gandsuccess += 1;

}

el se

{
(*(1gE2+k)).arn2linkto = m
(*(1ge2+m) . arn2l i nkto = k;
(*(1ge2+m ). arm2bound = 1;
(*(1geE2+K)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g2l i gandsuccess += 1;

}



}

el se

{
if(!'( ((*(Ige2+m).arntlinkto == k) |
((*(lgE2+k)).armlinkto == n) )) // but first checking for whether this
is a potential cyclizing
if('(*(1geE2+m ). arnil i nkt 0)

{
I'i nkbi ndi ng =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{ (*(1 gE2+m)) . ar il i nkt 0
(*(1gE2+k)) . arnil i nkt o
(* (1 gE2+k)) . ar mLbound
(*(1gE2+k)) . | i nknunber
(*(1gE2+m) ). | i nknunber

g2l i gandsuccess += 1;

}
}
if(!'(*(1gE2+k)).arn2linkt o)
{
l'i nkbi nding =
gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);

i f(frandom < | i nkbi ndi ng)
(*(1gE2+k)). arnRl i nkto
(*(1gE2+m) ) . ar n2l i nkt o
(*(1 gE2+m)) . ar m2bound
(*(1gE2+k)). | i nknunber
(*(1 gE2+m)) . | i nknunber

g2l i gandsuccess += 1;

}

g2l i gands += 1;
br eak;

case 10:
/1 both mand k have one bound ligand, similar to case 6
if(((*(1gE2+m).arn2l i nkto == 0) &&
((*(1gE2+k)).arnmlinkto == 0))
{



I i nkbi ndi ng = 0. 5*gLi nkBi ndi ngrat e
/1 this is Byron's factor for identical species

frandom = ranl(&gRanlseed);

i f(frandom < | i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 random y choose which gets bound
{
(*(1ge2+m ). arn2l i nkto = k;
(*(1geE2+k)).armllinkto = m
(*(1gE2+k)) . armbound = 1;
(*(1ge2+Kk)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g2l i gandsuccess += 1;
}
el se
{
(*(1geE2+k)).arn2linkto = m
(*(1ge2+m ). armll i nkto = k;
(*(1ge2+m ). armlbound = 1;
(*(1geE2+K)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g2l i gandsuccess += 1;
}
}
}
el se
{

if(!'( ((*(Ige2+m).arnRlinkto == k) |
((*(lgE2+k)).armlinkto == n) )) // but first checking for whether this
is a potential cyclizing

{

if('(*(1geE2+m ). arn2l i nkt 0)
{

I'i nkbi ndi ng =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1gE2+m) ) . ar n2l i nkt o
= k;
(*(1gE2+k)) . arnmillinkto
= m
(*(1 gE2+k)) . ar mLbound
= 1;
(*(1 gE2+k)) . li nknunber
+= 1;
(*(1 gE2+m)) . | i nknunber
+= 1;
g2l i gandsuccess += 1;
}

}
i f(!'(*(1gE2+k)). arn2l i nkt 0)
{

I'i nkbi ndi ng =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)



(*(1 gE2+k)) . arn2l i nkt o

=m
(*(1gE2+m) ) . ar mll i nkt o
| (*(1 gE2+m)) . ar mLbound
= 1;
(*(1gE2+k)). | i nknunber
+= 1;
(*(1gE2+m) . I i nknunber
+= 1;
g2l i gandsuccess += 1;
}
}
}
}
g2l i gands += 1;
br eak;
case 11:

/1 k has one bound |igand and mhas 2 bound ligands, simlar to
case 7
i f(CheckifAl readyLi nked(k, m)

if((*(lgE2+m)) . armll i nkto == k)
{

I'i nkbi ndi ng =

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1ge2+m) . arn2l i nkto = k;
(*(1geE2+k)).armllinkto = m
(*(1 ge2+k)) . armlbound = 1;
(*(1ge2+Kk)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g3l i gandsuccess += 1;
}
}
el se
{
I'i nkbi ndi ng =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&Ranlseed);
i f(frandom < | i nkbi ndi ng)
{
(*(1gE2+m ). armll i nkto = k;
(*(1geE2+k)).armllinkto = m
(*(1gE2+Kk)) . armbound = 1;
(*(1ge2+K)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g3l i gandsuccess += 1;
}
}
}
el se
{

w= ((*(IgE2+m)).armllinkto != 0) +
2*((*(1gE2+m) ). arnRlinkto !'= 0);
swi t ch(w)



{
case O:
/1 both could bind
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
i f(irbit2(&bitnunber))
/1 randomy pick which of the msites k becones bound to

{
(*(1gE2+m) ) . armll i nkt o = k;
(*(1gE2+K)).armllinkto = m
(*(l1gE2+K)) . armlbound = 1;

Llse

{

(*(1gE2+m)) . arnRl i nkto = k;
(*(1gE2+k)).armilinkto = m
(*(1 gE2+k)) . armlbound = 1;

}
(*(1 gE2+k)) . li nknunber

+= 1;
(*(1 gE2+m)) . | i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 1:
/1 only arn2 can bind
I'i nkbi nding =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1gE2+m) ) . ar n2l i nkt o
(*(1gE2+k)) . armil i nkto
(*(1gE2+k)) . ar mbound
(*(1 gE2+k)) . li nknunber
(*(1 gE2+m)) . | i nknunber
+= 1;

g3l i gandsuccess += 1;
br eak;

case 2:

[l only arml can bind

l'i nkbi nding =
gLi nkBi ndi ngr at e;



frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1gE2+m) ) . ar mll i nkt o
= k;
(*(1gE2+k)). armil i nkto
=m
(*(1 gE2+k)) . ar mlbound
= 1;
(*(1gE2+k)). | i nknunber
+= 1;
(*(1gE2+m) . I i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 3:
/!l neither can bind
br eak;
}
}
g3ligands += 1;
br eak;
case 12:
/1 k has two bound |igands and m has none, sinilar to
case 3

w = ((*(lgE2+k)).arnlli nkto == 0) +
2*((*(1gE2+k)).arnRlinkto == 0);
switch(w)

{
case 1:
/!l only one armis |linkable, reverts to nmain case

1 above

l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndingrate)); // 2 possible binding sites, so
probability is all outconmes besides two failures

Maket heLi nk2( | i nkbi ndi ng, k, m 1)

br eak;

case 2:
/1l only other armis linkable, reverts to main
case 2 above
l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
Maket heLi nk2( 1 i nkbi ndi ng, k, m 2)
br eak;

case 3:
/[l both arns are |inkable
l'i nkbinding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&Ranlseed);
u = 0;
/1l lots of possible outcones, arnl site of m has
two chances at two k sites and arnR site of mhas two chances



if(frandom < linkbinding) u =u +
1; /] establish outconmes, based on probabilities, first, then resolve
t he choi ces
frandom = ranl(&gRanlseed);
[/ think of u as binary switch, 00 neans no |ink
succeeded, 01 neans Marnl succeeded with K arnml or K arnk, etc.
i f(frandom < linkbinding) u =u +

2,
switch(u)
{
case 1:
Maket heLi nk2( 1 i nkbi ndi ng, k, m 3)
g2l i gandsuccess
+= 1;
br eak;
case 2:

/1 randomy pick which of the k sites m
beconmes bound to

Maket heLi nk2( 1 i nkbi ndi ng, k, m 4)
g2l i gandsuccess
+= 1;
br eak;

case 3:
/] both ligands succeed, but one has to
suffer cyclizing effect
flag = true;

if(irbit2(&bitnunber)) /1l random y choose which
gets unfettered binding
{

Z =
Maket heLi nk2(1i nkbi ndi ng, k, m 3);

I i nkbi ndi ng
= gCycli cdi merrat e*gLi nkBi ndi ngr at e; /1 now test outconme of cyclizing
possibility

frandom =
ranl( &gRanlseed) ;

i f(frandom
< i nkbi ndi ng)

{

if(z
== 1) /!l can only link to remai ning open k
site, k =2
{
(*(1gE2+K)).arnRlinkto = m
(*(l1gE2+m) ) . arn®l i nkt o = k;
(*(1gE2+m) ) . ar nRbound = 1;
}
el se

/] elseits k site 1



(*(1gE2+k)).arn2linkto = m
(*(1gE2+m)) . arntl i nkto = k;

(*(1gE2+m) ) . ar mLbound = 1;

(*(1 gE2+k)). l'i nknunber += 1;
(*(IgE2+m)) . i nknunber += 1;
g2l i gandsuccess += 1;

}

/1 the other possibility,
toss, so it binds unfettered

Maket heLi nk2(1i nkbi ndi ng, k, m 4);

I i nkbi ndi ng = gCycli cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);

i f(frandom < |inkbi ndi ng)

if(z == 1)

{

(*(lgE2+K)).armllinkto = m
(*(lgE2+m) ) . arnl i nkt o = Kk;
(*(lgE2+M) . ar nRbound = 1;

}

el se

{

(*(1gE2+K)).armllinkto = m
(*(l1gE2+m) ) . armil i nkt o = k;
(*(1gE2+m) ) . ar mLbound = 1;

}

(*(1gE2+K)) . i nknunber += 1;
(*(l1gE2+M)) . i nknunber += 1;

g2l i gandsuccess += 1;

}

el se
arn2 w ns

{



br eak;
br eak;

}
g2l i gands += 1;
br eak;

case 13:
/1 k has two bound |igands and m has one, simlar to case 7
i f (CheckifAl readyLi nked(k, m)

i f((*(IgE2+Kk)).armll i nkto ==
{

I'i nkbi ndi ng =

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&Ranlseed);
i f(frandom < |inkbi ndi ng)

{
(*(1ge2+k)).arn2linkto = m
(*(1ge2+m ). arn2l i nkto = k;
(*(1ge2+m ). arm2bound = 1;
(*(1gE2+K) ). |l i nknunber += 1;
(*(1gE2+m) . I i nknunber += 1;
g3l i gandsuccess += 1;
}
}
el se
{
I'i nkbi ndi ng =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)
{
(*(1gE2+k)).armllinkto = m
(*(1gE2+m ). arnRl i nkt o = k;
(*(1gE2+m ). ar rRbound = 1;
(*(1gE2+K)) .l i nknumber += 1;
(*(1gE2+m ). | i nknumber += 1;
g3l i gandsuccess += 1;
}
}
}
el se
{

w = ((*(1gE2+k)).armllinkto != 0) +
2*((*(1 gE2+k)).arnRlinkto != 0);
sw t ch(w)

case O:
/'l both could bind
I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
if(irbit2(&bitnunber))
/1 randomy pick which of the msites k becones bound to
{



1
3

(*(1 gE2+k)) . ar mll i nkt o

(*(1 gE2+m)) . arnRl i nkto

1
=

(*(1gE2+m) ). ar nbound = 1;

}

el se

{
(*(1gE2+k)).arnRlinkto = m
(*(1gE2+m)) . arnRl i nkto = k;

(*(1gE2+m) ). ar nbound = 1;

}
(*(1 gE2+k)) . l'i nknunber

+= 1;
(*(1 gE2+m)) . | i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 1:
[l only arn2 can bind
I'i nkbi nding =

gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1gE2+k)) . arn2l i nkto
(*(1 gE2+m)) . arnRl i nkto
(*(1 gE2+m)) . ar nRbound
(*(1 gE2+k)) . | i nknunber
(*(1 gE2+m)) . | i nknunber
g3l i gandsuccess += 1;
br eak;

case 2:
[/ only arml can bind
l'i nkbi nding =
gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{
(*(1 gE2+k)) . ar mll i nkt o
= m
(*(1 gE2+m)) . arnRl i nkto
:k;
(*(1 gE2+m)) . ar n2bound
:1;

(*(1 gE2+k)) . | i nknunber



(*(1 gE2+m)) . | i nknunber

+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 3:
/'l neither can bind
br eak;
}
g3ligands += 1;
br eak;
case 14:

/1 k has two bound |igands and m has one, simlar to case 13, other
arm
i f (CheckifAl readyLi nked(k, m)

if((*(IgE2+k)).armllinkto ==
{

I'i nkbi ndi ng =

gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < |inkbi ndi ng)

{
(*(1gE2+k)).arn2linkto = m
(*(1ge2+m ). armll i nkto = k;
(*(1ge2+m ). armlbound = 1;
(*(1ge2+Kk)) .l i nknunber += 1;
(*(1gE2+m ). | i nknunber += 1;
g3l i gandsuccess += 1;
}
}
el se
{
I'i nkbi ndi ng =
gCycl i cdi merrat e*gLi nkBi ndi ngr at e;
frandom = ranl(&Ranlseed);
i f(frandom < | i nkbi ndi ng)
{
(*(1gE2+k)).armllinkto = m
(*(1gE2+m ). armil i nkto = k;
(*(1gE2+m ). ar mbound = 1;
(*(1gE2+Kk)). | i nknumber += 1;
(*(1gE2+m) . | i nknumber += 1;
g3l i gandsuccess += 1;
}
}
}
el se
{

w = ((*(1gE2+k)).armllinkto !'= 0) +
2*((*(1gE2+k)).arnRlinkto != 0);

sw t ch(w)

{

/! both could bind

case O:

I'i nkbi nding = 1-((1-
gLi nkBi ndi ngrate) *(1-gLi nkBi ndi ngrate));



frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)

{

i f(irbit2(&bitnunber))

/1 randomy pick which of the msites k becones bound to
{
(*(1 gE2+k)) . armill i nkto = m
(*(1gE2+m) . arntll i nkto = k;
(*(1gE2+m) . ar nLbound = 1;
}
el se
{
(*(1gE2+k)) . arnRlinkto = m
(*(1gE2+m) . arntll i nkto = k;
(*(1gE2+m ). ar mlbound = 1;
}
(*(1gE2+k)) . I i nknunber
+= 1;
(*(1gE2+m) . I i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 1:
/1 only arn2 can bind
I'i nkbi nding =
gLi nkBi ndi ngr at e;
frandom = ranl(&gRanlseed);
i f(frandom < | i nkbi ndi ng)
{
(*(1gE2+k)) . arn2l i nkto
=m
(*(1gE2+m)) . ar il i nkt 0
| (*(1gE2+m) ). ar mLbound
= 1;
(*(1gE2+k)) . I i nknunber
+= 1;
(*(1gE2+m) . | i nknunber
+= 1;
g3l i gandsuccess += 1;
}
br eak;
case 2:
/1 only arml can bind
I'i nkbi nding =

gLi nkBi ndi ngr at e;

frandom = ranl(&gRanlseed);
i f(frandom < |i nkbi ndi ng)

{
(*(1 gE2+K)) .

ar mLl i nkt o



(*(1gE2+n)) . armilinkto
(*(1 gE2+n) ) . ar mLbound

(*(1gE2+k)) . I i nknunber
(*(1gE2+m)) . | i nknunber

g3l i gandsuccess += 1;

}
br eak;
case 3:
/!l neither can bind
br eak;
}
g3ligands += 1;
br eak;
case 15:

/1 all have bound ligands, no |inking possible, nothing to do
g4l igands += 1;

br eak;
}
}

}
}
I nstance * getlnstance(int key)
{

int i;

| nstance *newl Ptr;

i f(glnstancelList[key] !'= NULL)

{

return glnstanceli st[key];

}
[/ if we got to here, then we didn't find the instance and we need to
create it

new Ptr = mal | oc(si zeof (I nstance));

new Ptr->key = key;

new Ptr->i nstanceSi ze = 0

new Ptr->nei ghbors = NULL;

gl nstanceli st[ key] = new Ptr;

return newl Ptr;
}
voi d Addtol nstanceLi st (I nstance *thei nstancel, I nstance *thei nstance2)
{

i nt thesizel,thesize2, keyl, key2;



i nt i;

| nstance *|istinstance;
Bool ean flag;

| ong test;

keyl t hei nst ancel- >key;
key?2 t hei nst ance2- >key;
t hesi zel = t hei nstancel->i nst anceSi ze;
t hesi ze2 = t hei nstance2->i nst anceSi ze;

i f(thesizel == 0)

{
t hei nst ancel- >nei ghbors = (I nstance **)mal | oc(si zeof (I nstance
*) * (thesizel + 1));
t hei nst ancel- >nei ghbors[t hesi zel] = thei nstancez;
t hei nst ancel->i nst anceSi ze = 1;

el se

flag = true;
for(i=0;i<thesizel;i++)

{
listinstance = theinstancel->nei ghbors[i];
if(listinstance->key == theinstance2->key) flag = fal se;
}
i f(flag)
{

t hei nst ancel- >nei ghbors = (I nstance

**)real | oc(t hei nstancel->nei ghbors, sizeof(lnstance *) * (thesizel + 1));
t hei nst ancel- >nei ghbor s[t hesi zel] = thei nstancez;
t hei nst ancel- >i nstanceSi ze = thesizel + 1,

}
i f(thesize2 == 0)
{
t hei nst ance2- >nei ghbors = (I nstance **)nmal | oc(si zeof (I nstance
*) * (thesize2 + 1));

t hei nst ance2- >nei ghbor s[t hesi ze2] = thei nstancel,;
t hei nst ance2- >i nst anceSi ze = 1;

el se

flag = true;
for(i=0;i<thesize2;i++t)

{
i stinstance = theinstance2->nei ghbors[i];
i f(listinstance->key == theinstancel->key) flag = fal se;
/1 theinstance already
}
i f(flag)
{

t hei nst ance2- >nei ghbors = (I nstance

**)real | oc(t hei nstance2->nei ghbors, sizeof(lnstance *) * (thesize2 + 1));
t hei nst ance2- >nei ghbor s[t hesi ze2] = thei nstancel;
t hei nst ance2- >i nst anceSi ze = thesize2 + 1,



| ong gTest, *gTest i st;

void freeTree(long index,

{

I nstance** instancelist)

i nt t est;
I nst ance *instancel
| nst ance **ptrlList;
i f(index gTest | gE)
{
test = 1;
}
if(instancelist[index] !'= nil)
{
i nstancel = instancelist[index];
i f(instancel->neighbors !'= nil)
{
ptrList = instancel->nei ghbors;
free(ptrList);
/1 free((l nstance**)i nstancel->nei ghbors);
free(instancel);
i nstancelist[index] = nil;
}

voi d Count TenpAggs(voi d)
receptors are within threshol d di stance at each tinestep

{

| ong

fl oat
Bool ean
I nst ance
| ong

| ong

IlJIklmX’Sumn;
frandom | i nkbi ndi ng;
flag;

/1l keep track of which

*t hei nst ancel, *t hei nst ance2, *i nst ancefr ee;
*i nstancelistflag,|inkedi ndex;

test,test2,test3;

Mat chArray *gTestlist;

| nst ance

**ptrlList;

/] create all needed instances
[/ but first clear master |ist of

instance to start fresh

for(i=0;i<kaggdistribsize;i++) gAggregateDistribution2[i] = O;
for(i=0;i<gl geénunber;i++) *(gCusterList +1i) = 0;
sum=n = 0;

for(i=0;i<glgEnunber;i++)

freeTree(i, gl nstanceli st);

for(i=0;i<ghatchindex;i ++)

getlnstance((*(gMatches + i)).partnerl);
getlnstance((*(gMatches + i)).partner2);

}

/1 now begin adding to the instance lists



for(i=0;i<ghatchindex;i ++)

{
t hei nstancel = getlnstance((*(gMatches + i)).partnerl);
t hei nstance2 = getlnstance((*(gMatches + i)).partner2);
Addt ol nst ancelLi st (t hei nstancel, t hei nst ance2) ;
}
for(i=1;i<gl gEnunber;i++)
{
i f(i == gTestlgE)
{
i f(glnstanceList[i] != NULL)
{
t hei nstancel = glnstanceList[i];
}
}
i f(glnstanceList[i] != NULL)
{

I i nkedi ndex = 0O;
t hei nstancel = glnstanceList[i];
gLi nkedl i st 1[I i nkedi ndex] = thei nst ancel->key;

| i nkedi ndex += 1;
for (j =0; j <t hei nst ancel- >i nst anceSi ze; j ++)

t hei nstance2 = thei nstancel->nei ghbors[j];
Makel i nkedl i st (& i nkedi ndex, t hei nst ancel-

>key, t hei nst ance2- >key, gLi nkedl i st1);
}

for(j=0;j<linkedi ndex;j ++)

*(gC usterList + gLinkedlistl[j]) = |inkedi ndex;
i nstancefree = glnstancelList[gLinkedlistl[j]];
i f(instancefree->nei ghbors != NULL)
{
ptrList = instancefree->nei ghbors;

free(ptrList);

}
free(glnstanceList[gLinkedlistl[j]]);

gl nstanceli st[gLinkedlist1l][j]] = NULL;
}

i f(linkedindex > 48) gAggregateDi stribution2[49] += 1
/] keeps track of aggregate size upto 48, pools above 48
el se gAggregateDi stribution2[linkedi ndex] += 1

i f(linkedi ndex > 1)

{
gAggregat eDi stri bution2[0] += 1; /1
keeps track of total aggregates

}
}

i f (gMaster Cycl es%00 == 0)

sum = 0;
for(i=2;i<50;i++)



X = gAggregateDi stribution[i];
sum += gAggregateDi stribution[i];

}
| gEaggs[ O] [ Nf or | geaggs] = gMast er Cycl es;

| gEaggs[ 1] [ Nf or | gEaggs] sum
Nf or | gEaggs ++;
printf("\n");
printf("%%\n", gMasterCycles," cycles");
printf("\n");
for(i=0;i<50;i++)
{
printf("%\t%\ n", gAggregateDi stribution[i], gAggregateDi stribution2
[i1);
}
}
i f (gMasterCycl es == kstopcycl enunber)
printf("\n");
for(i=0;i<NforlgEaggs;i ++)
{

printf("%\t%\n", 1 gEaggs[O][i],lgEaggs[1][i]);

}

voi d Makel i nkedlist(long *Iinkedi ndex, | ong who_call ed, | ong calling_who,
I ong *linkedlist)

{
| ong t hesi ze,i,|;
| nst ance *t hei nst ancel, *t hei nst ance2;
Bool ean flag;

t hei nstancel = getlnstance(calling_who);
flag = true;
for(j=0;j<*linkedi ndex;j ++)

i f(theinstancel->key == linkedlist[j]) flag = fal se;

}
i f(flag)

linkedlist[*linkedi ndex] = calling_who;
*| i nkedi ndex += 1;

}

for(i=0;i<thei nstancel->i nstanceSi ze; i ++)

{

t hei nstance2 = thei nstancel->nei ghbors[i];
flag = true;
for(j=0;j<*linkedi ndex;j++)

i f(theinstance2->key == linkedlist[j]) flag = fal se;
}
if(flag)
{

Makel i nkedl i st (1i nkedi ndex, t hei nstancel-
>key, t hei nst ance2- >key, | i nkedl i st);

}
}



}

voi d Updat ePosi ti ons3(voi d)
{
| ong i,j,mrecursion_|level 1, boundi ndex;
short X, Y,
Rect rect;
fl oat
dt het a, dchi , t het aval ue, chi val ue, xt het a, ychi , xri ght, ybott om
fl oat *thetafl oat, *chi fl oat, | cel |l si ze;
voi d *t enpadr ;

tenpadr = theta;

thetafloat = (float *)tenpadr;
tenpadr = chi

chifloat = (float *)tenpadr;

| cellsize = gCell Si ze;

for(i=0;i<glgEnunber;i++) (*(IgE + i)).lookedat = 1

for(i=0;i<glgEnunber;i++)

{
Fet chadi st ance( &t het a, &chi ) ;

thetaval ue = *(thetafloat + i);

t het aval ue += dtheta;

i f(thetaval ue <0.0) thetavalue += |cellsize;

i f(thetavalue >= I cellsize) thetavalue -= Icellsize;

chivalue = *(chifloat + i);

chi val ue += dchi

i f(chivalue <0.0) chivalue += Icellsize;

i f(chivalue >= | cellsize) chivalue -= Icellsize;

*(thetafloat + i) = thetaval ue;
*(chifloat + i) = chivalue

(*(1gE+i)) .| ookedat

0;

void Fetchadi stance(float *dx, float *dy)
fl oat thi snove, t het a;

t hi smove = gasdev2()*gDi ffusi onD st ance;
theta = ranl(&gRanlseed) *6. 2831853072;

*dx = thisnove*cos(theta);
*dy = thisnove*sin(theta);

voi d Fetchadi stance(float *dx, float *dy)

* dx
*dy

gasdev2()*gDi ffusi onDi st ance;
gasdev2()*gDi f f usi onDi st ance;



#define | A 16807

#define | M 2147483647
#define AM (1.0/1M

#define 1Q 127773

#define IR 2836

#defi ne NTAB 32

#define NDIV (1+(1 M 1)/ NTAB)
#define EPS 1. 2e-7

#define RNMX (1. 0- EPS)

float ranl(long *idum

{ o
int j;
| ong k;
static long iy=0;
static long iVv[NTAB];
float tenp;
if (*idum<=0 || tiy) {
if (-(*idum < 1) *idunrl;
el se *idum= -(*idum;
for (j=NTAB+7;j>=0;j--) {
k=(*idum/1Q
*idumel A*(*i dum k*1 Q -1 R*k;
if (*idum< 0) *idum+= I M
if (j < NTAB) iv[j] = *idum
}
iy=iv[0];
}
k=(*idum/1Q
*idumel A*(*i dum k*1 Q -1 R*k;
if (*idum< 0) *idum+= I M
j =i y/ NDV,
by=iv[j];
iv[j] = *idum
if ((temp=AMFiy) > RNMX) return RNVX;
el se return tenp;
}
#undef 1A
#undef IM
#undef AM
#undef 1Q
#undef IR
#undef NTAB
#undef NDI V
#undef EPS
#undef RNWX

#define IB1 1

#define B2 2

#define IB5 16

#define 1 B18 131072
#define MASK (I B1+l B2+l B5)

int irbit2(unsigned | ong *iseed)
{
if(*iseed & | B18)
{
*iseed = ((*iseed » MASK) << 1) | IBI1;
return 1;



el se
{
*iseed <<= 1;
return O;
}
}
fl oat gasdev2(void) /'l generates a gaussi an random nunber using
the linear random function, nean = 0.0, SD = 1.0, i.e, generates z val ues
wi th Gaussian probability
{
static int iset = 0;
static float gset ;
f 1 oat fac, rsq, vl, v2;
if(iset == 0)
{
do
{
vl = 2. 0*ranl(&gRanlseed) - 1.0;
v2 = 2.0*ranl(&gRanlseed) - 1.0;
rsq = vi*vl + v2*v2;
}while(rsq >= 1.0 || rsq == 0.0);
fac = sqrt(-2.0*log(rsq)/rsq);
gset = vl*fac;
i set = 1;
return v2*fac;
}
el se
{
iset = 0;
return gset;
}
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