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Put 41 = m some odd integer, then

k =m-1, Hence we have

{
AP =[Al+ 2 =10 —2)
r=9o

Case 2~—The Identity was seen 10 be true for
t and 3. Let the Identity be true for some odd
tnteger K1, then K141 will be an even integer.
anow we must obtain the other form of Identity which

(s true for even integer.
We have for n==K1! zn odd number

m-—'ﬁ',fﬂ

(
A =[A]+ X
Now
[Ale+* = [AT AT
{n—2
[AJF = [Al[A] + 2}.’2 [A][(p — 1Yo+
r=0

X (P — 2)];!1]!
[AF=[I] + [(p — 1)’ (p ~ 2)]
[All(p — 1) (p ~ 2)] = [(p — 1?2 (p — 2)]
(Al =T+ [(p — 1)°(p — 2)}

+ {THE[(P '""' DEHE(P - z)lmﬁ

)
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Kl+41 is an even number say n.

then
{{K'—") 241)
A] =1, + _z’“ e =17 (p < 2)
(!l—-:zjig
[A]" == Ip;. + 2 [(ﬂ - I)Er (JD — 2)]3;';-

r=d0
Hence the proof :

The Identity can also be proved for even number
and odd numbers separately by considering the
respective cases for numbers like n and n+2. It
may be noted that the above proved Identity helps
one fo calculate the (ij) element aif'lof A", which
represents the number of walks of length n from
{ to j.
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THE PHYSIOLOGICAL SIGNIFICANCE OF THE TNTERACTION OF BILIRUBIN WITH
RECONSTITUTED COLLAGEN FIBRILS®*

C. L. KAPOOR
Division of Biochemistry, Central Drug Rescarch Institute, Lucknow, India

HE extensive yellowing of the body surface in
hyperbilirubinaemic new borns and the resto-
ration to the normal colour of the skin after
recovery from jaundice suggest that skin takes
active part in the homeostasis of bilirubin at least
during the diseased condition. Evidence has been
adduced earlier to show that skin epithelium and
skin strips of the mouse, rat, guinea pig and man
possess a mechanism to accumulate and release
bilirubint-2,  When skin strips saturated with
bilirubin are exposed to light (80 watt) in Krebs
Ringer buffer, there is a rapid bleaching of the
skin accompanied by the release cf water soluble
and non-diazotizable degradation products of
bilirubin3.

The uptake of bilirubin by skin is sensitive to
temperature indicating that binding of bilirubin to
skin strips involves participation of collagen.
Results of studies on the binding of bilirubin to
collagen fibrils are reported now which suggest

* Communication No. 1917 from Central Drug
Research Institute, Lucknow-226001, India.

that the interaction between collagen and bilirubip
may be involved in the uptake of bilirubin by skin.

Collagen was prepared from rat tail tendons
according to Glimcher and Kranet and purified by
dialysis against 0-02 M Na,HPQ,. The precip:tate
obtained was redissolved in 1% acetic acid and
stored as a Jyophilized material. It contained
13-5% hydroxyprolineS, When required it was
dissolved in 100 mM acetic acid and converted to
the reconstituted fibrillar form by dialysing at 2°
against 200 mM Tris HCIl buffer pH 86 or 7-5
as required following essentially the procedure of
Gross and KrickS. The interaction of bllirubin
with collagen fibrillar aggregate was followed in
Smi 100 mM Tris HCl buffer pH 86 or 7-5 at
37°C in a two phase system where collagen was
present as an opaque rigid gel  composed of
striated fibrils and bilirubin was in aqueous solu-
tion. Different amounts of serum albumin or
competing anions could be added to this system
as desired. The collagen fibrils were recovered by
centrifugation and washed repeatedly with 100 mM
Tris HCl buffer and the washed fibrils extracted
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with a solvent system made up of acetone : ethanol : TABLE 1

water : acetic acid (v/v, 7: 7 :4:2) and bilirubin, Lifect of human serum albumin on the dissocigtion
estimated in the extract according to Van Roy et al.7. of bilirubin from bilirubin : collagen fibril complex

As shown in Fig. 1 the interaction of b“im}"m Bilirubin : collagen fibrils complex were prepared
with collagen fibrils was affected by concentration by incubating collagen fibril (0-5mg), in Smi

of bilirubin in the incubation medium. Binding of 100mM Tris HCl boffer (pH 8:6) contain.ng

bilirubin to collagen fibrils was found to be a 425 »M bilirubin at 37:’ C for 1h, washed frpe from
¥ : . : medium as described in the text. The fibrils were
tnear function of its concentration wupto 340xM . incubated, in Sml Tris HCI buffer (pH 8-6)

reaching saturation at 425uM of bilirubin and the in presence of 40-80 «M of human serum  albumin
binding was complete within 60 min. At tempera- (HSA). The dissociation of bilirubin was follcwed

tures below 5° C, binding was depressed and uptake £?5m4 I;:wu Es;har;i;ultxin the tmeanI ‘?tf. lth%_?alu?-s
was altogether abolished by heat denaturation of content was ?3)60 n Hﬁffgfwfﬂfiagmmﬁﬂms Hlirubin

collagen fibrils,. The amount of bilirubin bound

with unheated control collagen fibrils was 380 n Bilirubin (» mol) dissociated/irg of
mol/mg collagen fibrils whereas after heat denatu- T're collagin fibiils in presence of
ration at 52-53° C ftr 1 hr collagen fibrils showed (h) -
aegligible binding affinity for bilirubin. 40 «M HSA 80 «M HSA
5 0 - «e
o 2 144 150
2 400 4 162 180
5
E 20 the bilirubin from serum albumin : bilirubin com-
- plex? and increases the incidente of kernicterus!.
EE Urea (8-5 M) is known to alter the cross-linking
™~F 200 property of collagen fibrils. It was of interest,
= g} [t'lEFEEfOI'E, to investigate the effect of urea in the
£ 8 binding of bilirubin to collagen fibrils. The results
S0 presented in Table II show that urea at 4 M con-
= 100 centrations in the incubation medium dim’'n’shed
Py 70% of the binding of bilirubin to collagen fibrils.
O

Tasre Il

Effect of urea on the binding of bilirubin with
reconstituted collagen fibrils

Firc. 1. Binding of bilirubin to collagen fibrils : ‘ : _
as affected by concentration of bilirubin. Collagen mg?rl]ﬁgﬂn'rfil;nl?{é{) Sbrlll]f’%e)r W(E;%Ing.ué})ute;iﬂ r;!t]aifl 11111121

“?”?{sﬂsl-lgisl;ﬁfgf?ﬁ:rw?]ﬁ-l ig?g?atidaniginiigllini?é]aggé 425 M bilirubin and increasing concentrat'on of
85-850 uM_concentration of bilirubin at 37°C for pieq. 8 STTCfor 1h in a metabolic shaker and
I h. The binding of bilirubin with collagen fibrils g o Wi dgenl Norils was esu-

: . t‘d described in text. The vertical mated as described in the text. Each result is the
I";“:rss eril;ﬁieent ?ﬁe gsgt Ef ‘:lr:e ine.an value from Ti€an of the value from two scparate experiments.

three separate experiments.

i
70 24Q S 6 S0
Blitirubin in incy bation medium (LM

il =l ——r—— -

Urea Bilirubin
By forming a characteristic bilirubin : albumin concentration (# o) /g
vomplex scrum albumin is known to reverse the (M) E?llﬂfi'{"
binding of bilirubin to lipids. The binding affinity 1O
of collagen fibrils for btlirubin was, therefore. = - -
investigated in different molar concentrations of None 386
human serum albumin, Human serum albumin in 1 vy
a concentration of 40-80 4N dissociated only 50%
of bilirubin from collagen fibrils : bilirubin complex 2 192
as shown in Table 1. ‘
Salicylate or sulfonamide used in the treatment 3 156
of nconates does not aflect the binding of bilirubin 4 109

Ip collagen fibrils.  These drugs readily disso¢iate
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Urea denaturation and thermal denaturation studies
throw Light on the importance and organization
of the helical structure of collagen fibrils on its
affinmity for bilirubin. These observations may be
of physiclogical significance in view of the fact
that shin provides a semi-solid matrix for the con-
nective tissue. The importance of the role of colla-
gen fibrils s further strengthened by the observa-
tion on the lack of aflinity of gelatin for ®bilirubin
under 1dentical conditions.

The liver conjugate being still in a developing
state may not be able to cope up with all the
bilirubin encountered in neonatal jaundice. In such
a situgtion it is presumable that the skin takes the
man load ¢f free bilirubin employing native colla-
n.n as the binding agent. Collagen thus provides
a matrix for the photooxidation of bilirubin to
relatively  polar degradation products which are
then eliminated “by the kidney.

The author wishes to record his gratefulness to
Dr. C. R. Krishna Murti for many thoughtful sug-
costrons and guoidance.
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ECOLOGICAL IMPLICATIONS OF HAEMOLYMPH PROTEIN PATTERNS IN SOME
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MONG the numerous proteins that are to be

found in the crustacean haemolymph, two
particular components have been easily recognized,
when present, owing to their obvious properties—
the respiratory pigments and the coagulable proteins.
The chemical nature and physical properties of
both these proteins have been recently reviewed
by Jenuiaux8, Redmond? and by Grégoire?.

A —  —

* On sabbatical leave (1973-74) from the Depart-
ment of Riology, Laurentian University, Sndbury
P3E 2C6, Ontario, Canada.

The remaining protein fraction has been resolved
into a series of components with different electro-
phoretic properties’,2.4711 12, Although the nature
of these proteins is poorly understood, their electro-
phorelic mobilities in some cases have been used
tentatively In taxonomic studies?.

The aitm of the present investigation is to define
some of the characteristics of haemocyanin and
other blood proteins in a few marine, freshwater
and terrestrial isopods, and to determine if the
haemolymph protein electrophoretic pattern in these



