We propose that sna allows twi to func-
tion as a mesodermal determinant by re-
pressing the expression of sim (16), AS-C
(10), E(spl) (25), and other regulatory genes
responsible for the differentiation of the
mesectoderm and neuroectoderm. In sna
embryos, ventral cells that normally form
mesoderm now express the wrong regulato-
ry genes, and consequently follow an alter-
native fate. 4 :

Note added in proof: Similar results on the
role of sna in mesoderm formation have
been obtained (25a).
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Mathematical Analysis of a Model of the

Mitotic Clock

In their mathematical model of the cyclin
and maturation promotion factor (MPF)
system, Norel and Agur (1) note that oscil-
lations occurred if the degradation of cyclin
had saturable kinetics but not if the reaction
was first order with respect to cyclin. One
might ask whether this saturability is math-
ematically necessary for oscillation, or
whether the investigators just did not find
the right parameters for the first-order case.
In the same vein, one might ask whether the
degradation of MPF must have saturable

"kinetics (as assumed) and whether the auto-
catalytic term for the formation of MPF
must be of order greater than 1 with respect
to MPF.

These questions can be answered by ana-
lyzing the effect of reaction order on stabil-
ity, following Higgins (2). Let M and C
denote the concentrations of active MPF
and cyclin, respectively, and M and C the
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and rates of removal:
M=FM"‘RM3I1dC=FC—RC
Then, for example, oM/oM = 9F 'l OM —
R, ,;/0M. Let b, and p,x be the orders of
reaction for F,,; and R,,, respectively, with
respect to X, for example,
daamt = (M/Fpr)(0Fp/0M)
Then, because F,, = R,,and F- = R at the
critical point,
OM/[oM = (Fag/M)(drns — Prm)
and Egs. 1 and 2 become
(drmm = pmm)(ce — pec) =
(dmc — pmc)bem = pcm) >0 (3)

and

Fr Fc 0
— - +—= - >
2 (bvnt = eaaa) + = (dcc = pcc)

4)
In the Norel and Agur model, ppyc =

dem = doc = 0, and dyc = pem = 15 50
Egs. 3 and 4 become

(b — prmpdpce < 1 (5)
and MFc
(darve — pmm) > m Pcc (6)
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Fig. 1. Modifications of the
model of Norel and Agur. The
curves show changes in M and
C concentrations over time (in
all cases M has the larger oscil-
lations) [see (1) for units]. (A)
First order removal of M, re-
moval of C first order with re-
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spect to C. Differential cqua—
tions: M = (e + M?)C —

C = i — MC; parameter valucs
e=288, f=30,g=066i= 4

1.32; critical point M = 1.2, C B

= 1.1; initial state M = 1.19,C
= 1.09. (B) First-order autoca-
talysis in the formation of M,
saturable removal of M, and
first-order (with respect to C)
removal of C. Differential equa-
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tions: M = (e +_fM)C — gM/ 00
(M + 1), C =i — MC; param-
eter valuese = 2.4, f = 48,g—
16.456, i = 1.32; critical point
M =12, C = 1.1; initial state c
M =119, C = 1.09. (C) Sta-
bilization of the critical point of
the original Norel and Agur
model by a competitive antago-
nist of M removal. Differential
equations (1): M = (e +fM2)C
- gM/(M + h), C =i — M;

[

Concentration
N

o

/ =

L

|
80 7

[=]

0
11me

—_— " /

parameter values e = 3.5, f = 0
1.0, = 10.0, i = 1.2. For time
t < 30 time units, h = 1 (no
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competitive antagonist); for ¢ = 30, h = 2 (competitive antagonist present at a concentration equal to
its' dissociation constant). Initial state (a point on the limit cycle of the original model) M =

2.10004647, C = 1.16628822.

To satisfy Eq. 6, s, must be greater than
Pasns (assuming poe = 0); but neither Eq. 5
nor Eq. 6 bars first-order removal of C (pcc
= 1) or M (ppms = 1); nor is it necessary
that the autocatalytic order ¢, exceed 1,

provided ppss < dasns
Finding a set of parameters to demon-

strate oscillation is straightforward. Take the

case where both removal reactions are first
order, that is R,, = gM, R = MC, and
Pans = Pcc = 1. Because &y, < 2 in the
Norel and Agur model, Eq. 5 is satisfied.
Equation 6 becomes

M

M2
2 -1>
[e[f+M2] g

™

To match approximately the values of the
Norel and Agur model, set M = 1.2 and C
= 1.1 at the critical point; then to satisfy Eq.
7 let M?/[(e/f) + M?] = 0.6, making e/f =
0.96. In the steady state, Fp; = R,,, that is
(e + M?)C = gM; therefore

Sf=eMAlelf) + M*IC}
Letg = 6.6; then f=3.0ande = 0.96f =
2.88. Finally, F = R, thatis i = MC =
1.32. Oscillations with these parameter val-
ues are shown in Fig. 1A (3).

In the same way, parameter values can be
found for the case where the autocatalytic
term is at most first order with respect to M,
that is, F,, = (e +_fM)C. In this case, R,,

must be less than first order with respect to
M 50 as to satisfy ppns < dang (EqQ. 6). The
case where R, = gM/(M + 1) and R =
MC is shown in Fig. 1B.

Equations 3 and 4 might be used to
suggest what external interventions could be
effective in altering stability. For the model
of figure 1A of Norel and Agur (1), Rc = M
and pcc = 0, and therefore Eq. 6 becomes

(dmm — prns) > 0 (8)

This might be invalidated either by decreas-
ing &y, Or by increasing pys,,. Because

b = 2M2[[(elf) + M?]

s can be decreased by an agent that
cither decreases the ratio f/e or decreases M
(which, in this model, can only be done by
decreasing i). Alternatively, py;, can be
increased (to a maximum of 1) by a compet-
itive antagonist of M removal; and, if ¢,z
< 1, then Eq. 8 can be invalidated and
instability abolished. With a competitive
antagonist, R,, = gM/(M + h) and ppg,, =
h/(M + h), where h = 1 in the absence of the
antagonist and is increased by addition of
the antagonist (4) (Fig. 1C).

These remarks concern only the stability
at the critical point and do not challenge the
conclusions of Norel and Agur on the main
question of the modulation of cell cycle
duration.
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