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zig-zag with hingend apices which deforms by unfolding,
and a planar zig-zag with rigid apices which deforms by
cantilever bending (the last is derived in ref.2). In Figure
2, the data for 2 types of tendon are compared to the pre-
dicted curves, and it is seen that the points lie along the
curve for the sine wave, or between the sine and canti-
bending cases. It is also noted that the human diaphragm
tendon data lie in the same relation to the predicted cur-
ves as do the RTT data, where the waveform can be de-
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Fig. 2. Decrease of angle of the waveform with strain as tendon is
stretched, for rat tail and human diaphragm tendons. {Samples A) and
C) in Figure 1). Points are experimental observations and curves are
predicted behavior of inextensible fibers whose original wave shape
is as marked.
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monstrated planar by rotation in polarized light. This
strongly indicates that the waveform is also planar in the
diaphragm tendon.

The Table shows that major differences were found in
the size parameters of the waveform for tendons from dif-
ferent sources. Also, a range of sizes was found in individ-
ual samples of human Achilles and kangaroo tail tendon,
including a waveform 100 pum long in the Achilles tendon
of an 87-year-old male. Nonetheless, it seems clear that
essentially the same planar symmetric waveform as seem
in RTT was found in all these tendons from diverse sour-
ces, Consequently, its implications for the stress response
and function of the tendon in vivo, along the lines of ref.2,
are expected to hold throughout?.

Zusammentfassung. Es wird gezeigt, dass die zwischen
gekreuzten Nicols fiir die Rattenschwanzsehne nachge-
wiesenen periodischen Binder von fibrilliren Struktur-
elementen ebener Wellenform abstammen und deren Aus-
streckung das beobachtete Dehnungsverhalten erklirt?,
das auch fiir andere Sdugetiere zutrifft.
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Chemical and Immunological Characterization of Serum Lipoproteins Isolated by Glass-Column

Chromatography

The chromatographic separation of lipoproteins by
adsorption on glass powder columns, developed for whole
serum by CarLsoN?, was adopted with some modifications
for isolation of serum lipoproteins from human, rabbit and
rat subjects. Assay of the column eluates by both chemical
and immunoreaction methods demonstrated the reliability
of this method for a satisfactory separation.

Experimental. Stock solutions of 1.2 M potassium bi-
carbonate and 0.4 M potassium carbonate were prepared
and titrated against HCL. Buffer solutions of pH 8.8,
PH 9.6 and pH 9.8 were prepared from stock solutions. Glass
columns, 15X 150 mm, were packed with glass-beads of
100-150 mesh and serum samples, diluted with equal
volume of buffer pH 8.8, were added to the columns. The
walls were washed with 1 ml of pH 8.8 buffer. The
samples were allowed to move down the columns by
opening the stopcock. The columns were washed with
another portion of pH 8.8 buffer in the order: 2 + 2 +
4 + 4 ml, followed by 1 ml of 15 ml of the pH 8.8 eluate,
containing mainly albumin, were collected. The subse-
quent fractions of the buffer eluates were collected in the

following order: 5 ml -+ 5 ml +.3 ml of pH 9.6 and 2 ml
of 9.8 were collected together as containing «-lipoprotein.
Then 5 ml of 0.4 M potassium carbonate buffer were
collected as o« lipoprotein. Finally 15 ml of potassium
carbonate buffer were added to the column for elution of
p-lipoprotein.

The lipoprotein fractions obtained after elution from
the glass-columns were dialyzed against- distilled water
for 8 h at 4°C. The solutions were lyophilized and stored
for 6 weeks at —15°C without any appreciable denatur-
ation. The ultra-centrifugal pattern of the separated
a- and f-lipoproteins in artificial boundary cells with
Schilieren optics are shown (Figures 1 and 2).

‘The protein fractions of the lipoproteins and sera were
determined according to Lowry et al?. Total and free
cholesterol were estimated by the method of SPERRY and

' L. A. Caruson, Clin. chim. Acta 5, 528 (1960).
2 0. H. Lowry, N. J. RosEBROUGH, A. L. FARR and R. L. RANDALL
J. biol. Chem. 793, 265 (1951).
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WerB?2 The method of van HANDEL and ZILVERSMIT* ® ¢ oM
was employed for triglyceride estimation, while phospho- ~ - 8 &
lipids were determined according to CHEN et al®. « o n

For immunological analyses, the separated lipoproteins 8 o o
were employed as antigens. Antisera were prepared ac- 4 2;] é’l
cording to Scanu® Immuno-precipitation reactions were R
performed according to OucHTERLONY? and agar gel . -
immunoelectrophoresis according to SCHEIDEGGERS®. The N m .
antisera were employed to characterize the various anti- = < -
gens, i.e., the isolated lipoproteins, by studying their H é‘l R
reactivity by immunodiffusion technique in agar gel. A ¢ g
summary of the findings is presented in Table II. 5 © -

Resulis and discussion. By the procedure described, Es - o«
resolution of serum lipoproteins was possible with great £ :’4 il -OH
reproducibility; they were designated in the study as o- S w9 9
and fp-lipoproteins. The intermediate «y-fraction com- © O 3 & =
prised only a minor fraction and was not investigated. The - o~ e
ultra-centrifugal pattern of the separated «,- and f-lipo- . 2 2 2
proteins indicated that the «;-fraction was essentially free
of other proteins, while the g-lipoprotein fraction ex- 2 2 9
hibited the presence of a very low amount of another H H H
protein, possibly some contaminants of o,-lipoprotein S 2 3
(Figures 1 and 2). A DR

Chemical analysis of the lipoproteins isolated from the N e
glass-columns (Table I) showed that the lipid content and _?_[ i j’_l
the ratio cholesterol: phospholipid in the eluates of g o2
potassium carbonate-bicarbonate buffer, pH 9.6, and the o g © * ~
CO, fractions were analogous to those obtained by g g < .
Carison and others:®10 in the o;~ or high-density lipo- £ £ g &8 8 3
protein fraction and the g- or low-density lipoprotein % Q i %O-I 3 £
fraction, respectively. The immuno-reaction studies show- —;% ; o = N £
ed that all anti-g,-lipoprotein and anti-g-lipoprotein sera g a ] - Z
had similar behaviour and reacted only with their homo- 9 o o &
logous antigens. Agar gel immunodiffusion reaction be- s o 2z 8
tween o,-lipoprotein and its antisera showed 2 distinct § E
lines, whereas the reaction between f-lipoproteins and b ¢ = 8 3
anti ﬁ-llpoproteln sera gave a dlstlpct arc of precipitation. = j’-l _Cf_‘ ?H <
The immuno-electrophoretic studies show the same type ’E - N o 3
of reaction. From these findings it can be concluded that s e & v % 5
the a,-lipoproteins were composed of 2 immunologically = o 2
distinct proteins. The ultracentrifugal Figure 2 shows ’§ = 08 g
contamination of some other proteins with the pg-lipo- a8 S i —?—I =3
proteins, but the immunochemical studies showed no E H 2 3 )
evidence of contamination. The immunological experi- A o 0 s 3 - L
ments demonstrated that the preparation obtained by = 2 ~ 2
elution of the glass column with potassium carbonate and £ & <« - 8 g
bicarbonate buffer of pH 9.6 consisted exclusively of a E py s S o 4
product with antigenic properties the same as human ? w i,'l ij* éH o
a;-lipoprotein. But it has been observed that this product, é E o o S I =
i.e., the a-lipoprotein, is antigenically heterogeneous, s 8
albeit the ultracentrifugal pattern showed that this g o 8 & < 8
protein was essentially free from other products. The k= e e = 2
heterogeneity of the high-density of «-lipoprotein has = o o+ 3

Y . : = <+ o~ <
been shown by other workers? 1t The immunological g = -
experiments demonstrated that the preparation obtained £ i,'l ﬁ ;,H 3
: R B
5 W. M. Sperry and M. WS, J. biol. Chem. 787, 97 (1950). g i S 2
4 B, vaNn Hanper and D. B. ZiLversurr, J. Lab. clin. Med. 50, 152 k) ) — 0 i

(1957). g g & ¥ =
5 P.S.CuEN JR., T. Y. ToriBara and H. WarNER, Analyt. Chem. g © | =

28, 1756 (1956). 2 o o o E
¢ A. Scanv, J. Lipid Res. 7, 295 (1966). Jg w ¥ i
7 Q. OUCHTERLONY, Acta path. microbiol. scand. 26, 507 (1949). 3 5 :\IH ;_H "(L'[ g
8 J. J. SCHEIDEGGER, Int. Arch. Allergy appl. Immun. 7, 103 (1955). % &‘3} > o = ;ZD
8 R. J. Haver, H. A. Eper and J. H. Bracpon, J. clin. Invest, 34, 3 ®

1345 (1955). B - . =
10 R, T. Levy and O. S. FREDRICKSON, J. clin. Invest. 44, 426 {1965). o T 5 §
1§, L., OncLEY, K. W. WarroN and D. G. CorNgLL, J. Am. chem. E E E E E

Soc. 79, 4666 (1957).
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e A -
Fig. 1. Ultfacentrifugal pattern of isclated a-lipoprotein.
Table II. Characteristi0§ of antisera
Antibody Antigen Reactivity
o, -Lipoprotein B-Lipoprotein Whole serum

Antihuman Human 48 —. + &
rabbit serum a,-LP

(pH 9.6 fraction)
Antihuman Human §-LP — +v +°
rabbit serum (CO, fraction)
Antihuman Human albumin — — +
rabbit serum {pH 8.8 fraction)
Anti-human o;-LP Human o,-LP +a — + =
rabbit serum (pH 9.6 fraction)
Anti-human §-LP Human -LP — +b - + b
rabbit serum (CO, fraction)
Antirat Rat o-LP +2 — +
rabbit serum (pH 9.6 fraction)
Antirat Rat 3-LP — ERY 4+
rabbit serum CO, fraction)
Antirat Rat albumin — - +
rabbit serum (pH 8.8 fraction)
Anti-rat o) -LP Rat o;-LP +a — 42
rabbit serum (pH 9.6 fraction)
Anti-rat §-LP Rat 5-LP — 40 40

rabbit serum

(CO, fraction)

*Double arc of precipitation. »Single arc of precipitation.

Fig. 2. Ultracentrifugal pattern of isolated -lipoprotein of normal rat serum in artificial boundary cell with Schilieren optics in 0.02 M bicar-
bonate buffer, pH 7.0, at 259,697 X g first plate taken 17 min after attainment of full speed and subsequently at intervals of 10, 20 and

30 min.

by elution of the glass-column with 0.4 M potassium
carbonate buffer consisted almost exclusively of a product
with the same antigenic properties as low-density human
B-lipoprotein. It is also shown that this product, i.e., the
p-lipoproteins, are antigenically homogeneous. The chemi-
cal analysis of this product identified it as similar to the

p-lipoproteins. The ultracentrifugal preparation of these
eluates had some protein contaminant, different from
B-lipoprotein protein. This may be the a,-fraction of the
lipoproteins. This fraction must be antigenically identical
with g-lipoprotein protein. Thus the reaction between
this g-lipoprotein fraction and anti-g-lipoprotein sera gave
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no additional precipitation line. Other workers have
sought to refer to the Sf 200-100 subclass separately as
very low-density lipoprotein or ay-lipoprotein; but it has
been shown that the protein moeity is antigenically
identical throughout the low-density lipoprotein 2.

12 K. W, WaLton, Immun. Chem. 7, 267 (1964).
13 Present address: Department of Biological Chemistry, Harvard
Medical School, Boston' (Massachussetts 02115, USA).
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Zusammenfassung. Eine neue Methode zur Trennung
von Lipoproteinen mittels Sdulenchromatographie wird
beschrieben.
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Threo-3,4-Dihydroxyphenylserine, a Poor Source of Noradrenaline in the Rat

Thyeo-3,4-Dihydroxyphenylserine (DOPS) was first
recognized as a possible intermediate in catecholamine
biosynthesis more than 50 years ago*. However, despite
careful search?23, it has never been identified in the
organism and any major role as a precursor of noradren-
aline must probably be discounted. Nevertheless, as a
known substrate of dopa decarboxylase, both in vitro4-?
and in vivo1-12, DOPS has been used as a pharmalogical
tool to effect a selective increase of noradrenaline in
animal brain 13-17, It is, in fact, an indifferent substrate for
decarboxylase in vivo and relatively vast dosage schedules
have been necessary to achieve the desired effect.

After DOPA injection in man, dopamine is excreted
directly into the urine!®, probably deriving largely but
not exclusively from direct renal decarboxylation. DOPS
seems to undergo a similar fate, but from the few relevant
data on record, it seems to possess no more than 1/, of the
ability of DOPA to act as substrate for renal decarboxy-
lase12, Observations of this typel®-2 provide an index of
decarboxylation in a single organ, the kidney. Whether
they can be extrapolated to the whole organism, where
more than one form of the enzyme might be present, is
open to some doubt®. It therefore seemed desirable to
obtain further information concerning the degree of in
vivo conversion of DOPS to noradrenaline. The present
experiment was therefore devised in order to measure
4-hydroxy-3-methoxyphenyliglycol (HMPG), the major
urinary metabolite of noradrenaline in the rat?, after
DOPS administration. Excretion of this compound ap-
pears to reflect noradrenaline production more faithfully
than that of other metabolites?l. During the course of
this study, evidence of a wholly unexpected metabolic
route of DOPS degradation, resulting from side-chain
cleavage, was obtained.

pL-DOPS (AB Biotec, Stockholm, Sweden) (100 mg/kg)
was administered i.p. to 4 male (200 g) Wistar rats and
urine collected over acid 2! for 2 successive 24 h periods.
Conjugates were hydrolyzed at pH 5.5-6.0 by incubation

at 37°C overnight with suc d’Helix pomatia (Industrie
Biologique Frangaise, 92-Gennevilliers, France) and acids
and alcohols extracted at pH 1 into ethyl acetate (3 X3
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Table. Urinary metabolites of pL-threo-3,4-dihydroxyphenylserine (DOPS) in the rat

Regime Period of urine HMPG Protocatechuic Vanillic acid Vanillyl alcohol 3, 4-Dihydroxy-
collection acid benzyl alcohol
(b) (ug/day) {ug/day) (pg/day) (ug/day) (ug/day)
Mean Range Mean Range Mean Range Mean Range Mean Range
DOPS 0-24 130 109-152 302 274-336 611 474-772 122 108-135 98 67-138
DOPS 24-48 35 29— 40 8 6— 10 134 97-164 12 10— 15 Less than 2
DOPS - Neomycin 0-24 116 98-137 282 270-294 444 352-501 108 85-138 84 51-106
Control 0-24 38 32— 42 6 5~ 8 49 36— 64 Less than 1 Less than 2




