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Fig. 1. Release of C140 by respiration at 
various periods after introduction of C4" 
labeled glucose to mycelium. Carbon-14 ac- 
tivity is expressed as counts per minute per 
0.5-ml sample of NaOH. Curves: +-+, 
average of four replicates of 11-week-old 
cultures of P. tinctorius; f-DE, average 
of two replicates of 51/2-week-old cultures 
of P. tinctorius; and O-0, average of 
two replicates of 13-week-old cultures of 
T. terrJestris. 

agar and a small amount was probably 
lost upon neutralization. 

The results of experiment 2 (Table 
1) indicate highly significant amounts of 

activity in samples of all the cultures 
we tested. In cultures of P. tinctorius, 
samples of agar also showed the pres- 
ence of C14, although considerably less 
than in samples of mycelium plus agar. 
This may have been the result of dif- 
fusion of C14 in the agar after the C'4 
was absorbed by mycelium, but, more 

probably, it was a result of direct ab- 

sorption of C1402. The peak of activity 
in the 24- to 48-hour period and the 
decline with time was unexpected, since 

samples represent accumulative absorp- 
tion of C1402 up to the time of re- 
moval. This may have been caused by 
an initial concentration of C14 at the 

mycelium surface followed by an equil- 
ibrating diffusion throughout the sub- 
strate, but it would not explain the de- 
crease in activity of the agar samples. 

Representative cultures, other than 
those actually sampled in the experi- 
ments, were used to obtain an approxi- 
mation of the weights of fungi in sam- 

ple cores. In seven equivalent samples 
of P. tinctorius, the average dry weight 
was 1 mg. The average dry weight of 
T. terrestris was 2 mg. 

In summary, (i) C1402 was released 
in large quantities by respiration, and 
(ii) C1402 was reabsorbed in some man- 
ner by the fungus cultures. Errors in 
translocation studies due to absorption 
of C1402 can be minimized by using 
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both a trap of NaOH and a directional 
flow of fresh air to remove atmospheric 
contamination. 

Because of the interrelation between 
the mycelium and the agar medium, it 
was not possible to conclude definitely 
that the site of C14O2 reabsorption was 
fungal hyphae. The C1402 could also 
be absorbed first by the agar medium 
and then diffuse into the mycelium. 

Regardless of the exact site of absorp- 
tion, the ultimate incorporation of C14 
into the fungus can make the results of 
translocation studies misleading and 
should be taken into account. Although 
the data presented here result from the 
use of D-glucose-C-4, the use of other 
organic compounds labeled with C14 
could produce similar problems. 

C. P. P. REID 
FRANK W. WOODS 

School of Forestry, Duke University, 
Durham, North Carolina 
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Collagen-Like Fragments: 
Excretion in Urine of Patients 

with Paget's Disease of Bone 

Abstract. Patients with Paget's dis- 
ease of bone excrete, in the urine, 
polypeptides that have amino acid 
composition and other properties re- 
sembling those of fragments of colla- 
gen. The pattern of isotope incorpora- 
tion in vivo suggests that these frag- 
ments are derived froln collagen that 
has been synthesized and rapidly de- 
graded, or that they are rapidly syn- 
thesized but not incorporated into tropo- 
collagen molecules. 

The characteristic manifestation of 
Paget's disease is an increased rate of 
remodeling of bone accompanied by 
distortion of its architecture. Patients 
with this disease excrete in the urine 

both a trap of NaOH and a directional 
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Collagen-Like Fragments: 
Excretion in Urine of Patients 

with Paget's Disease of Bone 

Abstract. Patients with Paget's dis- 
ease of bone excrete, in the urine, 
polypeptides that have amino acid 
composition and other properties re- 
sembling those of fragments of colla- 
gen. The pattern of isotope incorpora- 
tion in vivo suggests that these frag- 
ments are derived froln collagen that 
has been synthesized and rapidly de- 
graded, or that they are rapidly syn- 
thesized but not incorporated into tropo- 
collagen molecules. 

The characteristic manifestation of 
Paget's disease is an increased rate of 
remodeling of bone accompanied by 
distortion of its architecture. Patients 
with this disease excrete in the urine 
large amounts of peptide-bound hy- 
droxyproline which is thought to reflect 
the accelerated turnover of bone col- 
lagen (1, 2). In an attempt to under- 

large amounts of peptide-bound hy- 
droxyproline which is thought to reflect 
the accelerated turnover of bone col- 
lagen (1, 2). In an attempt to under- 

stand the pathogenesis of this disease, 
we have isolated from the urine rela- 
tively large, collagen-related poly- 
peptides and are studying their origin 
and manner of production. 

Eight adult subjects with active Pag- 
et's disease of bone were maintained 
on gelatin-free diets; urine samples were 
collected and kept in the cold under 
toluene. The total daily excretion of 
hydroxyproline (3) in these patients 
ranged from 123 to 980 mg (normal 
adults excrete less than 40 mg per 24 
hours). After exhaustive dialysis of the 
urine against large volumes of 0.15M 
NaCl followed by water, the nondia- 
lyzable material, amounting to approxi- 
mately 10 percent of the total hydroxy- 
proline, was lyophilized. It was then 
subjected to gel filtration on columns 
of Sephadex G-75 (125 by 3 cm), 
equilibrated with 5M LiCl and 0.01M 
tris, pH 7.4 (Fig. 1); a single hydroxy- 
proline-containing zone was observed. 
This material was dialyzed against wa- 
ter, lyophilized, and then passed through 
smaller columns of Sephadex G-75 
(110 by 1 cm) in pyridine-acetic acid 
buffer, pH 4.5. The single protein-con- 
taining peak coincided with the peak 
containing hydroxyproline. This same 
fraction, subjected to gel filtration 
on columns of Bio-Gel P-6 (73 by 2.5 
cm), emerged with the void volume. 
This material was not retained by car- 
boxymethyl cellulose at pH 4.8 and 
an ionic strength of 0.06 (4), and there- 
fore was subjected to anion-exchange 
chromatography on columns of dieth- 
ylaminoethyl- (DEAE) cellulose equili- 
brated with 0.05M tris, pH 8.2, with 
the use of a linear gradient of NaCl 
(Fig. 2.) The hydroxyproline-containing 
material was fractionated into two to 
four major components, each of which 
was then desalted by filtration on col- 
umns of Bio-Gel P-6. 

Amino acid analyses (5) of material 
from comparable peaks obtained by 
DEAE-cellulose chromatography have 
thus far been performed on samples 
from four of the eight patients (Table 
1). Amino acid composition of the uri- 
nary peptides resembled the composi- 
tion of mammalian collagens in general 
and are shown in comparison with col- 
lagen from human bone (6). Ultraviolet 
absorption spectra revealed low ab- 
sorbancy at 280 m,/ compared with 
that at 230 my, which is consistent 
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5-mg portion of one of the polypep- 
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tides was incubated in 0.05M tris, 
(pH 7.5) and 0.001M CaCl2 at 25?C 
for 2 hours with 25 jug of purified 
clostridial collagenase (7). The polypep- 
tide was degraded by the collagenase, 
as shown by a total increase in reactive 
amino groups of 3.2 ~mole of leucine 
equivalents (8). 
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The molecular weight of these col- 

lagen-like urinary polypeptides has been 
estimated, on the basis of their behav- 
ior on gel filtration and from the pre- 
liminary results of high-speed sedimen- 
tation equilibrium methods (9), to be 

approximately 8000 to 9000. Optical 
rotatory dispersion curves of the partial- 
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Fig. 1. Elution pattern from column of Sephadex G-75 (125 by 3 
of dialyzed, lyophilized urine from a patient (L.E.) with Paget's di 
was equilibrated, at room temperature, with 5M LiCl and 0.01M 
fractions were approximately 6 ml. Open circles indicate optical der 
mA and closed circles OD at 280 m/, as shown on the ordinate to 
indicate hydroxyproline (Hypro) in micrograms per milliliter, as sl 
nate to the right. 
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Fig. 2. Elution pattern from column of DEAE-cellulose (9 by 1 cm 
peptide from patient (T.O.) with Paget's disease, after partial purific 
tion on columns of Sephadex G-75 and Bio-Gel P-6. The columi 
with 0.05M tris-HCl, pH 8.2, at room temperature. At fraction 35 a I 
with 1.OM NaCl in 0.05M tris-HCl, pH 8.2, in the reservoir; fraction 
2 ml were collected. Open circles indicate optical density (OD) at 
OD at 560 ma/ for the chemical determination of hydroxyproline (Hy[ 
tions of selected fractions, as shown on the ordinate to the left. The 
CI-) is indicated by X, as shown on the ordinate to the right. 

ly purified polypeptides at 40?C in 
0.001N HC1, over the range 350 to 
195 my, were similar to those described 
for gelatin (10). Cooling at 9?C re- 
sulted in a rapid increase of negative 
rotation of approximately 40 percent 
at 208 m/. One of the polypeptide 
fractions purified by DEAE-column 
chromatography showed negative op- 
tical rotation, [a].3a40 = -932?, 
which slowly increased to [a]31326 = 
--1206? during 11 days in 0.25M so- 
dium citrate buffer (pH 3.7) at 26?C. 
These observations are consistent with 
renaturation to a collagen helix (see 
11). 

50 : It has previously been suggested from 
'o data obtained with the use of precursor 

30 o 14C-proline in rats that urinary hydroxy- 
l' proline is derived from at least three 

I 0 t different pools with half-lives of about 
--~-. 3 1 day, 5 days, and 50 to 100 days 

200 - (12). In an attempt to determine wheth- 
er the urinary collagen-like fragments 
described above are derived from pools 

cm) of specimen with a short or long half-life, we ini- 
sease. The column 
tris-HCl pH 7.4; tiated studies of in vivo isotope incor- 

isity (OD) at 230 poration. Single doses of uniformly la- 
the left. Triangles beled 14C-L-proline (187 and 107 ~c, 

hown on the ordi- respectively) were administered orally to 
two subjects who had extensive active 
Paget's disease. Urine samples were col- 
lected at intervals, and portions of these 
samples were then dialyzed for 1 or 2 
hours against equal volumes of water to 
obtain a dialyzable fraction containing 
small peptides. Material retained in the 

dialysis sac, which included the poly- 
peptide collagen-like fragments, was 
then exhaustively dialyzed against large 
volumes of water to remove any re- 
maining small hydroxyproline-peptides. 
The specific activity of 14C-hydroxy- 
proline (13) was determined on hy- 
drolyzates of the undialyzed sam- 

C ;, M ples, polypeptide fractions (retained 
after dialysis), and small peptide frac- 
tions (dialyzable). The method used for 
determination of specific activity of the 

O O0.3 hydroxyproline was designed specifical- 
Cl gradient ly for the assay of small amounts of 

14C-hydroxyproline in the presence of 
gA -1O0.1 great excess of 14C-proline and other 

Q1~ I___ radioactivity not attributable to hy- 
80 90 droxyproline. Specific activity of 1-C- 

hydroxyproline reached a maximum in 
all fractions 3 to 5 hours after the ad- 

) of urinary poly- ministration of 14C-proline, as shown cation by gel filtra- 
n was equilibrated for the first subject (Fig. 3). The peak 
gradient was begun specific activity (70 disintegrations per 
s of approximately minute per micromole) in the retentate 
230 my; triangles, (14) was higher than in untreated urine 
vro) in aliquot por- 

ao) n aldiqut poa (19 dpm/pmole) or in the diffusate (13 
dpm/umole). In the second patient, 
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proline. Specific activity of the 14C- 

hydroxyproline eluted in the void vol- 
ume of this column was approximately 
eightfold greater than that of the pep- 
tides of lower molecular weight. 

Urinary hydroxyproline-containing 
polypeptides described in this report 
seem to be larger than those found 
in normal urine, as reported by Bouril- 
Ion and Vernay (15). In our studies, 

Table 1. Amino acid composition of urinary polypeptides and human bone collagen. C.L., 
M.A., T.O., and L.E. are the patients. Subscript A refers to the polypeptide, from each 
patient, that was eluted in the first fractions of the DEAE-cellulose column; subscript B, to 
the peptide, from each patient, that was eluted at the beginning of the salt gradient from the 
DEAE-column. 

Urinary polypeptides (amino acid residues/1000 Human 
Amino acids total amino acid residues) from patients bone Amino acids 

C.L.A M.A.A T.O.A CL.B M.A.O LE. Tage. 

3-Hydroxyproline* 0.5 
4-Hydroxyproline 128 144 141 106 103 112 99 98 
Aspartic acid 77 59 60 93 92 88 107 48 
Threonine 29 31 36 23 23 29 47 21 
Serine 53 39 55 37 37 46 52 39 
Glutamic acid 70 68 50 95 96 91 87 74 
Proline 106 120 152 75 75 83 106 116 

Glycine 313 291 265 313 305 300 233 317 
Alanine 90 93 73 142 152 128 103 112 
Valine 32 36 49 26 17 42 25 23 
Methionine- 4 
Isoleucine 3 8 9 3 2 5 9 10 
Leucine 6 15 12 7 8 9 23 26 

Tyrosine 2 3 2 1 1 2 4 4 

Phenylalanine 3 7 5 2 3 4 8 14 
Hydroxylysine 7 10 11 5 4 4 7 5 

Lysine 47 31 39 43 47 23 47 30 
Histidine 4 8 7 2 4 7 8 7 
Arginine 27 38 26 28 32 28 20 51 

* 3-Hydroxyproline was not detected in the urinary polypeptides. t Small amounts of methionine 
were present in the urinary polypeptides, hut the peaks were too broad to permit accurate calculation. 
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normal urine does contain small 
amounts of hydroxyproline in the non- 

dialyzable fraction, the composition of 
which has not yet been established. 
The amino acid composition of the 
glycopeptides containing hydroxyproline 
and sarcosine isolated from the urine 
of patients with sprue (16) is different 
from the composition of the urinary 
polypeptides from patients with Paget's 
disease. No evidence of sarcosine was 
found in our amino acid analyses. 

Results of the isotope incorporation 
studies, which showed that at least 
some of these collagen-like fragments 
were rapidly and preferentially labeled 
and probably derived from a pool with 
a short half-life, suggest that they are 
not products of degradation of older 
or mature collagen. Since these hy- 
droxyproline-polypeptides are syn- 
thesized in patients with Paget's dis- 
ease at a greater rate than are other 
components contributing to the bulk of 
urinary hydroxyproline, they must origi- 
nate either from collagen newly syn- 
thesized and rapidly degraded or from 
fragments rapidly synthesized but not 
incorporated into tropocollagen mole- 
cules. The size and composition of these 
urinary polypeptides suggest that they 
could be fragments of the collagen 
molecule of a type proposed by Gallop 
and his associates (17). It remains to be 
determined whether these collagen-like 
fragments are different from material 
excreted in smaller amounts in normal 
urine, and therefore are related to the 
primary defect in Paget's disease, or 
whether their presence in large quantity 
in the urine of these patients is simply 
a reflection of a marked increase in 
bone turnover. 

STEPHEN M. KRANE 
ALBERTO J. MUNOZ* 

EDWARD D. HARRIS, JR. 

Department of Medicine, 
Harvard Medical School, and 
Department of Medicine and 
Arthritis Unit, Massachusetts 
General Hospital, Boston 
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Inferior Olive of the Cat: 

Intracellular Recording 

Abstract. The action potential evoked 
from inferior olivary neurons of the 
cat by orthodromic, antidromic, or in- 
tracellular stimulation has a large pro- 
longed depolarization, frequently with 
several superimposed smaller spikes. 
The all-or-nothing unitary response ap- 
pears to be a property of the cell, and 
the later spikes are not secondary to 
synaptic excitation by recurrent axon 
collaterals. 

The inferior olive (10) complex is a 
major source of cerebellar climbing fi- 
bers (1). Eccles et al. (2) demonstrated 
that the Purkinje cell D-potential, first 
recorded by Granit and Phillips (3) 
with cerebellar stimulation, is the 
climbing fiber response (Fig. 1A) and 
can be evoked by either direct or re- 
flex stimulation of IO; reflex activa- 
tion presumably would be conveyed 
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tracellular responses of 10 units. Ap- 
proximately one-third of their units 
showed an initial spike followed by sev- 
eral smaller spikes. They concluded, 
largely from recorded extracellular field 
potentials, that the later spikes of the 
unitary responses probably were excit- 
ed synaptically by way of postulated 
1O axon collaterals (2, 5). However, 
anatomical studies have not demon- 
strated such collaterals. A recent re- 
port by Sedgwick and Williams (6) 
does not mention multiple spiked re- 
sponses from IO. In our investigation, 
intracellular recording revealed an un- 
usual all-or-nothing potential, frequent- 
ly with multiple spikes, and the evi- 
dence presented here indicates that the 
later spikes of the unit response are 
not secondary to recurrent synaptic ex- 
citation. 

Cats were anesthetized with pento- 
barbital (intraperitoneal injection of 35 
mg per kilogram of body weight), and 
supplements were given intravenously 
as required. To minimize movement, 
a bilateral pneumothorax was per- 
formed, and the animal was paralyzed 
with gallamine triethiodide. Through a 
ventral exposure the inferior olive nu- 
cleus was explored systematically with 
glass microelectrodes filled with 2.7M 
KC1 or 2M K-citrate for intracellular 
recording (d-c resistance, 10 to 40 
megohms in brain). In some experi- 
ments KC1 electrodes filled with methyl 
blue dye were used for intracellular 
marking (7), and 2M NaC1 electrodes 
filled with fast green FCF were used 
for extracellular marking (8). Standard 
intracellular recording equipment in- 
cluded a neutralized capacitance pre- 
amplifier and a bridge circuit for pass- 
ing current through the impaling mi- 
cropipette. Stimulation sites included 
ipsilateral pericruciate cerebral cortex 
(by means of bipolar silver ball elec- 
trodes), just beneath the cortical sur- 
face of anterior lobe of the cerebellum 
(by means of an array of concentric 
stainless steel electrodes), and footpad 
of the contralateral forepaw (by means 
of bipolar needle electrodes). Stimulus 
durations were 0.1 msec or less, usual- 
ly applied as single shocks, but occa- 
sionally a train of three stimuli was 
used at a frequency of 1000 per sec- 
ond. 

In ten cats, 106 units were studied 
by either extracellular or intracellular 
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Fig. 1. (A) Response of climbing fiber re- 
corded intracellularly from Purkinje cell. 
Response evoked by stimulation of in- 
ferior olive. [Reproduced with permission 
from Eccles et al. (2)]. (B) Intracellular 
action potential of an inferior olive cell 
evoked by stimulation of ipsilateral cere- 
bral cortex. Top of vertical bar is zero 
potential and length represents 20 mv; 
time calibration, 10 msec. 

ments and physiologically by field po- 
tentials following cerebral and cerebel- 
lar stimulation (4). Unit potentials 
from olive neurons were so unusual 
that identification was not a problem. 
Forty-six units were evoked antidrom- 
ically from cerebellar stimulation; these 
had latencies ranging between 2.5 and 
4.5 msec and followed stimulation rates 
of 100 to 200 per second. The latency 
from ipsilateral cerebral cortex (38 
units) was 12.8 + 3.6 msec (mean and 
standard deviation); that from contra- 
lateral forepaw (87 units) was 21.7 ? 
8.2 msec. Convergence of cerebral and 
spinal inputs was a common finding 
and occurred in 31 dorsal accessory 
olive units and two principal olive units 
(ventral lamella). 

The -extracellular unitary potentials 
generated by the IO cells were similar 
to those reported by Armstrong and 
Harvey (4) and consisted of one to 
five initially positive diphasic or mono- 
phasic spikes (Fig. 2, I and J). The 
number of spikes in a unitary response 
was variable on successive trials, even 
when the strength of the stimulus was 
kept constant, and multiple spikes oc- 
curred more frequently with ortho- 
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