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In the cow in which the foetus was given cortisol, like
those receiving Synacthen, foetal plasma TSH was
greatly depressed during the period of treatment (Figure
3). However the prenatal depression of TSH was not
sufficient to inhibit the postnatal rise in TSH which
occurred within 30 min after birth (Figure 3), although
endogenous cortisol secretion remained very low, not
demonstrating the usual post-natal rise in the newborn
calf2,
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Fig. 3. Changes in plasma TSH and cortisol during initiation of par-
turition with cortisol (100 mg/day) for 5 days to a foetal calf. Delivery
occurred at 258 days gestation.
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The present findings in the calf foetus under chronic
conditions suggest that the pronounced fall in foetal
plasma thyroxine which occurs before birth in this species
is preceded by a drop in foetal plasma TSH. These
changes contrast with the situation in the foetal lamb in
which the picture is far less clear cut: Hopxins and
THORBURNY reported a prenatal fall in plasma thyroxine
but no change in plasma TSH, whereas stable plasma
thyroxine levels were observed in foetal lambs in this
laboratory up to the time of parturition?.

Résumé. On a mesuré le taux de thyrotrophine (TSH),
thyroxine et cortisol dans le plasma du foetus du veau
pendant les 18 jours précédant la naissance. La diminution
du TSH a précédé de 6 jours et s’est poursuivie en méme
temps que celle du taux de thyroxine.
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THEORIA

Ligand-Leakage in Affinity Chromatography, a Mathematical Approach

Although cellulose-bound, highly specific substrates
have already been used by CAMPBELL and LERMAND2,
about 20 years ago, for the isolation and purification of
biological macromolecnles, the large increase in the
application of this technique, named affinity chromato-
graphy?, only started in 1967. The introduction of the
cyanogen bromide activation of insoluble polysaccharides
for the coupling with ligand molecules by AX®N et al.4-¢,
and the use of beaded agarose? as the solid support® have
certainly been important stimuli for. this overwhelming
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Fig. 1. Schematic representation of the detachment of a multiply

bound ligand-molecule from a matrix. M, matrix;
detachment rate constant.

ligand; %,

development®-1%. A further improvement of this tech-
nique was obtained by the insertion of spacer-molecules
between the ligand and the matrix3 9.

Several alternatives for agarose as the solid support
have been proposed, e.g. glass beads, nylon f{fibres,
polyacrylamide, cellulosederivatives, ethylene-maleic
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anhydride copolymers. Recently TuRkovA et al.1?
introduced a hydroxyalkylmethacrylate gel which is
claimed to combine the outstanding properties of agarose
with a high chemical and mechanical stability. Finally
BRUMMER 4 has re-introduced cellulose. A high degree of
substitution with ligand molecules, and a much improved
mechanical stability in comparison with agarose, are
said to be the advantages of this material. At present,
however, cyanogen bromide-activated agarose remains
the most frequently used support in affinity chromato-
graphy.

Besides many succesful purifications realized in this
way, there is now a growing number of authors who
report difficulties in applying this method, as a con-
sequence of ligand-leakage. TESSER et al.1® found that a
derivative of ¢-AMP, coupled by cyanogen bromide
activation to agarose, could be detected in the column-
eluate even after thoroughly washing. LUDENs et al.1®
reported leakage of deoxycorticosterone and estriol from
agarose conjugates by washing with cytosol. WiLcHEK T
established that e-DNP-lysine, coupled directly to
cyanogen bromide activated agarose, was detached from
the matrix at a rate of 15% in 3 months (pH 8, room
temperature). DavipsoN et al.!® mentioned a slow but
continuous leakage of insulin from agarose-insulin
preparations. Finally, also Sica et al.® pointed out that
the basic linkage between cyanogen bromide-activated
agarose and a primary amine is cleaved at a finite and
significant rate.

One of us suggested the use of polyvalently bound
ligands, to arrive at a higher stability of the ligand-
matrix fixation, which was felt as essential. Most relevant
experiments have been carried out independently by
WircHEK Y, who found in fact a much increased stability.
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Fig. 2. Graphic representation of Cx/a as a function of k¢, forn = 1,
.., 6. (cf. equation (2)).

Table I. Numerical results of the solution of equation (3), forn = 1,
)
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0.69
1.68
2.67
3.67
4.67
5.67
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In connection herewith we designed a mathematical
model for the hydrolytic detachment of polyvalently
bound ligands from a solid support. The main results are
presented schematically in this paper, and will be used in
further investigations into alternatives for the cyanogen
bromide activation.

The hydrolytic detachment of a multiply bound
ligand molecule from a matrix can be described as a
consecutive reaction (Figure 1). With the assumptions
of pseudo-first-order kinetics, which is compatible with
the proposed detachment mechanism?’, and of reaction
constants of the same magnitude at all steps, an expres-
sion for the concentration of free ligands (Cx) can be
derived. If the concentration of totally fixed ligand is
given by a (umole/ml wet gel) then: @ = C4 + Cs + .. +
Cx (1). The rupture of the first bond (A — B) is described
by the following equations:

—dCajdi=h-Ca—> [dCs/Ca=—k [di—>Ca=a- ekt (1)
Rupture of the second bond (B — C):

dCB/dt:k 'CA—k . CB=k ca-ekt_fk. CB
or:
(dCpjdt) + E-Cp=F-a-ebt
Solution of this differential equation, and of analogous

equations for the reactions C — D, D — E, etc., by the
method of TEORELL?! leads to:

Ca = a et =a 5 ekt
1
Cg=a-kt-ekt =a: (l;? e~kt
1 \ (k1)
- —.g- 2. okt —a- -k
Ce 3 a-(kt):-e =a e~k
1 (kt)n—1
Car == — v » ca-(Bn-1.g—Fkt —a- .-kt
x=3 ) @ e 1t

Combination of these equations with eq. (1), leads to
the expression:

n—1 (kt) ®
p=0 P!

Cy=a—a-e¥-

(2)

For each value of # a curve can be constructed for Cy/a
as a function of k¢ Results for » = 1, .., 6 are represented
in Figure 2. It is clear that a time-lag exists between the
start of the detachment reactions and the appearance of
the first free ligand molecules, in the case of # > 1. This
interval increases with increasing values of # and with
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Table II. Values of k¢ at varying values of #» and Cx/a, as the result of computer-calculation

Cx/a 102 10— 10-¢ 10-8 10-10 1012
n= 1 0.10x 107 0.10x 1073 0.10 x 105 0.10 x 1077 0.10x 107° 0.10x 101t
n== 2 0.15 x 10° 0.14 x 1071 0.14 x 102 0.14x 1073 0.14x 10~ 0.14 x 10-%
n= 3 0.13 x 10t 0.44 x 10° 0.17 x 10° 0.66 % 107t 0.26 x 1071 0.10x 107t
n=10 0.41 x 10t 0.22 x 10t 0.13 x10* 0.77 x 10° 0.47 x 10° 0.29 x 10°
kit kit kt kt kt kit

decreasing values of k. From equation (2) a leakage-
halftime (z) can be calculated by setting Cx equal to a/2:

n—-1
kT)? 1
e-kz-?éo%zz 3)

Because this equation is transcendental, no exact
analytical solution can be given. Graphic solution,
however, leads to the results presented in Table I. A less
time-consuming and more generally useful solution can
be attained by application of the Newton-Raphson
procedure, with the assistance of an appropriate computer
program (copies of this program are available upon
request). Apparently the following generalization is
allowed:

Tp~{(m-1) +In2}/k (4)

It is also possible to calculate a value for the time-lag,
mentioned before. By substituting chosen values of
Cy/a and #, the same computer program provides the
accessory values of k¢ (Table II). In accordance with
expectations, there is a decrease of k¢ at decreasing
values of Cx/a and constant #, and an increase of Af at
increasing values of » and constant Cy/a. A remarkable
result is that for increasing values of # the difference
between the values of k¢ at the extrema of Cx/a (first and
last column) diminishes. Replacement of a monovalently
by a bivalently coupled ligand gives much more profit
than, for example, the change from #=>5 to #=10. From
the experimental results of TESSER et al. 5, a value can be
computed for the detachment rate constant. In their
experiments at pH 8 and room temperature, this constant
appears to be 0.25x10-% min-!. This value combined
with data from Table II leads to the result that after
2-3 sec (!) the concentration of free ligand molecules will
reach a value of 2 picomoles/ml wet gel, when originally

2 pmoles/m]l wet gel were coupled, monovalently. This
order of magnitude is in agreement with ligand-leakage
rates found by the authors mentioned before6-1%; At the
same value of &2 the 2-3 sec, mentioned above, will
change in 1 h (#=2), 5 days (n=5) and 5-6 weeks
{n=10). This trend corresponds with the findings of
WILCHEK 17,

In many cases, this rather minimal leakage will not be
prohibitive for the isolation of biological macromolecules
by affinity chromatography. However, it will be disa-
strous in the case of isolation of minute amounts of
material out of large volumes, or in receptor locali-
zation1®, In this context we feel that the given mathe-
matical approach to the problem of ligand-leakage may
be useful in the interpretation of experimental results
and in the development of new coupling-procedures,
which is the subject of our current investigations.

Zusammenfassung. Es wird ein theoretisches Modell
beschrieben fiir die Abspaltung polyvalent gebundener
Liganden von einem, wasserunloslichen Trager. Die
Annahme einer konsekutiven Reaktion fithrt zu einer
Abschitzung der zu erwartenden Zeitverzégerung.
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PRO EXPERIMENTIS

Lanthanum Staining of the Intermediate Region of the Cell Wall in Escherichia coli

The cell wall of gram-negative bacteria basically
consists of an outer double track membrane (wall mem-
brane) and an intermediate region which contains the
mucopeptide (peptidoglycan) layer responsible for wall
rigidity . This region is difficult to see by ordinary
electron microscopy of thin sectioms, its preservation
being greatly affected by the nature of the fixatives? In
order to improve its preservation and preferential staining,
we tried several experiments with alcian bleu, lanthanum
salts and simple fixatives in Escherichia col.

Methods. E. coli strain B, was used throughout this
study. It was grown in agar Biolife medium at 37°C until

the late logarithmic phase of growth. Various combinations
of aldehyde fixatives, #ris, 1-aziridynil phosphine oxide,
Polysciences (TAPO) and osmium tetroxide were coupled
with lanthanum nitrate, based on slight modifications of
the procedures described elsewhere®-%, the following one
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