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Some Characteristics of Proteolytic System of a Marine Bacterial Species.” 
(25.539 

The desirabili tj? of increasing present lim- 
ited knowledge of bacterial proteolytic en- 
zj’mes may be inferred from work of p r e v i c ) ~ ~  
authors ( 1-4 ) . sone  of whom suggested poten- 
tial u<efulness of these enzymes in inlrestiga- 
tions of protein and enzyme structure and i n  
industrial processes (3.4 ) . Tnvestigations o i  
bacterial proteinases have dealt principally 
with enzymes from terrestrial species : marine 
organisms have been largely neglected, even 
though they have been reported more proteolj-- 
tic than either soil or fresh water forms( 5 ) .  I n  
view of es tab1 is hed pro t eol y t ic ;I b il i t y . ni a r i n e 
bacteria appear to ofier considerable promiw 
in investigations designed to increase our over- 
all information on bacterial proteolytic en- 
z y m es . This report d es c r i 11 e s char act e r i s t i cs 
of a proteolytic system of an organism iso- 
lated from a marine environment. 

i1lateyiaZ.s and iqicthods. The organism wah 
a marine bacterial species isolated by Ilerltel 
and Traganza (6)  from the alimentary canal 
of the marine isopod, Limnoricz, and reported 
by them to lie highly proteolytic.+ Stock cul- 
tures were grown on slants consisting of 17; 
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Iwptone and 2% agar in artificial sea water, 
and were transferred a t  monthly intervals. A 
transfer was made from stock culture to  a 
slant identical to stock medium, except that  
artificial sea water diluted 1 : 10 with distilled 
n-ater was used. ,After 1 2  to 24 hours incuba- 
tion. a loop transfer was made to 50 ml Er- 
lenmeyer flask containing 6 ml of growth 
medium (Table I) ; this subculture was in- 
cubated 12 to 24 hr before use to inoculate 1 
liter of growth medium. Incubation was at 
25‘C with shaking. After 54 to 56 hours in- 
cubation, cells were removed by centrifugation 
and passage through a Seitz filter; the result- 
ing culture filtrate was used as source of en- 
zyme. One ml of enzyme solution was incu- 
hated a t  37°C with 5 ml of denatured hemo- 
globin substrate.: At end of desired incuba- 
tion time. reaction was stopped and residual 
protein precipitated by addition of 10 ml of 
5% trichloroacetic acid. The  mixture was 
filtered through Whatman No. 3 paper, and 
determination of acid-soluble split products 
was made by the method of Northrup et al. 
( 7 )  by reading a t  280 mp, in Beckman Model 
1)V Spectrophotometer. Enzyme concentra- 
tion and time of incubation were always 
chosen so that activity was proportional to 

Prepared by suspending 5 g salt-free lyophilized 
hmoglobin (Mann Research Labs.) in  80 ml of 
iiater, adding 8 g urea, and incubating at  37” C 
f(qr 45 to 60 minutes. Ten g urea and 125 ml of 
0 2 M phcsphate buifer (pH 8.0) were then added. 
Other pH values were employed where indicated. 
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!I'ARLE 1. Coinposition of Growt l~  Mcdiuiii. 

C'olTl~~ollellt Amount / I  
~~~ 

Pepto11e 10.0 g 
K;1CI1 8.12 
llg'C1, - 6 H 2 0  4.22 
K,HPO, 1 .o 
K H,PO, 1 . ( I  
T R J R "  1 .o 
lIgS0, iH,O .4 
Trace iiiiiiwal sohitioil t 5.0 1111 

amount of enzyme and to time of incubation. 
Five minute incubation was commonly used : 
however. assays were frequently performed a t  
several different time values so that activity 
could be plotted as a function of time. Ap- 
propriate blanks were used in all experiments. 

Culture filtrates prepared as de- 
scribed were so active proteolytically that it 
was necessary to dilute them 1: 10 to obtain 
accurate assays a t  5 minutes incubation. Fil- 
trates could be frozen and stored several 
weeks without appreciable loss of activity. 
Our experiments did not permit us to deter- 
mine whether proteinase is truly extracellular, 
or whether i t  appears in growth medium 
through autolysis of cells( 2 ) .  At short pe- 
riods of incubation, rate of proteolysis was 
proportional to reaction time (Fig. 1) and to 
enzyme concentration (Fig. 2 ) .  Other ex- 
periments showed that rate of reaction was 
affected by substrate concentration, rising 
rapidly to maximum value a t  8 mg of hemo- 
globin, ml. and decreasing slightly a t  higher 
levels. Similar behavior has been reported for 
other bacterial proteinases (8,s) .  

Optimum pH f o r  enzyme activity was de- 
termined by buffering samples of substrate a t  
desired pH values with phosphate buffer. 
These experiments revealed a single, sharply 
defined optimum a t  pH 8 (Fig. 3 ) .  This is 
slightly more alkaline than the optima of 
some extracellular bacterial proteinases previ- 
ously reported(3?9), but is distinctly more 
acidic than that of subtilisin( 10). I t  is per- 
haps significant that the optimum pH for the 
proteinase system of the marine organism co- 
incides almost exactly with the pH of sea 

Results.  

water ( I  1). Effects of pH on enzyme stability 
were tested by determining activity a t  differ- 
ent incubation times (up to 30 min) in sam- 
ples of substrate adjusted to pH. values of 7.0, 
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7.5, 8.0, 8.5, and 9.0. The  enzyme system was 
stable a t  all of these p H  values a t  incubation 
tiines tested, and comparative slopes of the 
activity plots were identical to those which 
one would predict from data in Fig. 3. 

Egerts of temperature on C T I Z ~ ~ I P  activif?. 
Six temperatures of incubation from 17-C to 
55-C were tested a t  incubation times ranginc 
from 5 to 60 minutes. ,Activity increased with 
temperature through 45 ('. 1)ut declined some- 
what a t  5.5 C. indicatinq I'artial inactivation 
of the proteinase system at  the highest tem- 
perature. From these data. minimum enerq' 
of activation for the proteinase system 11 as 
calculated to he about 8300 cal. To deter- 
mine efiects of temperature on stabilitJ- of thc 
e n q  me system, samples of the culture fil triite 
were heated a t  i O ' c '  for varj-inq time;. chilled 
instantl!- in ice water, then asbayed for re- 
niaininq enzymatic activity. Five minute ey- 
I)o\ure at '70 (. reduced activity to S i c :  of  
oriclinal. 7 . 5  minutes to SO(;. a n d  13 minute. 
of heatinq virtually destroJw1 enq-matic ac- 
t ivi t y . 

Pro- 
longed dialysis of culture filtrate against 0.01 
111 phosphate buffer (pH 8) resulted in shar11 
reduction of enzymatic actilTity, indicatinz a 
requirement for one or more activator< nor- 
mall). present in the grovth medium. -\I)- 
prosinlately 805: of original activity was re- 
stored by rendering the dialyzed enzyme 0.005 
31 with respect to Co '+  ions. Similar activat- 
ing effects of C'o ' ions on bacterial proteinaye5 
have been observed by M-eil and Kocholaty 
( 12) .  and by Hunt and Moore ( 13 ) . Activity 
was restored to1 about 60% of the original by 
adding Zn++ ions to a concentration of 0.00015 
11, but higher levels reduced activity. 1-n- 
dialyzed enzyme was inhibited by 0.005 11 
concentrations of HgCl?, FeCly, XiCl?, and 
CuSOA. No decrease in activity occurred 
when p-chloromercuribenzoate was added, in- 
dicating that sulfhydryl bonds are not re- 
quired for activity. Furthermore, reducing 
agents (cysteine, glutathione, SCK) produced 
marked reduction of activity a t  a concentra- 
tion of 0.005 M, thus indicating a necessity 
for disulfide linkages. Previous investigators 
have also observed some inhibition in activity 

l<;:_Pecfs of artivntoss a d  inhibitors. 

when reducing agents were added to proteo- 
lytic enzymes of aerobic bacteria( 14,l.S). 
Damodaran et al. (3) reported that reducing 
agents were without effect on the proteinase 
of Bacillus licheniformis, while Hunt  and 
Moore( 13) found inhibition by both p-chloro- 
mercuribenzoate and cysteine on a proteinase 
from a facultatively aerobic rod. 

Filtrates from pure cultures of 
ii marine bacterial species contain a pro- 
teolytic enzj'me which rapidly hydrolyzes 
denatured hemoglobin. Enzymatic activity 
after 54 to 56 hours of growth is so high that 
culture filtrates must be diluted for accurate 
assay even with short reaction periods. The  
enzyme system has optimum activity a t  p H  
S. is activated by Co+' and Zn++ ions, and is 
inhibited by Fe-++, Hg++, and Cu*+ ions. Di- 
sulfide linkages appear to be required for ac- 
tivity. since reducing agents inhibit activity 
and p-chloromercuribenzoate is without effect. 
The enzyme is highly active at 48°C during 
incubation periods to 40 minutes, but temper- 
atures above 50°C reduce activity even at 
shorter incubation periods. Heating a t  70°C 
for 7.5 minutes before assay reduces enzyme 
activity to one-half of original. 
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Spontaneous Activity in Gamma Efferents of a Deafferented Spinal Cord 
Segment. (25540) 
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Dept. of Anatoiiay, School of Medicine,  University of California, Los Angeles, and 
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isolation of spinal cord segment from de- 
scending and afferent impulses leads in pup- 
pies( I ) ,  cats( 2 )  and monkeys( 3 ) to contrac- 
tile inactivity of parts innervated by the seg- 
ment. Even the spinal dogfish, which has in- 
cessant spontaneous swimming movements 
when dorsal roots are intact, becomes quiet 
when sufiicient roots are cut ( 4 ) .  Absence of 
overt contractions, of course, indicates that 
there is no firing of the large alpha motoneu- 
rons which innervate extrafusal muscle fibers. 
Xot eliminated. however, is the possibility of 
unrevealed activity in the small fusimotor neu- 
rons or gamma efferents leading to intrafusal 
filbers of muscle spindles. Under many con- 
di tions of physiological and experimental 
stimulation, spindle loops may be in vigorous 
fluctuating activity without alpha inotoneuron 
participation ( 5 ) .  The firing of these fusi- 
motor neurons can be influenced from both 
segmental and supraspinal levels (6) .  Bilat- 
eral exclusion of dorsal root inflow does not 
e!itinguish unevoked activity in these neurons 
in animals with intact supraspinal connec- 
tions ( 5)  ; nor does interruption of descending 
pathways prevent continuing activity if seg- 
mental inflow is intact(7). In our experi- 
ments, both segmental afferent and descending 
influences have been excluded from the cat's 
lumbosacral cord to see if activity in fusi- 
motor fibers may be fully independent. Evi- 
dence of spontaneous activity of fusimotor 
neurons under these conditions has been ob- 
tained in acute and chronic preparations. 

Methods. The lumbosacral segment of 
spinal cord in 16 cats was isolated from im- 
pinging nervous impulses by transecting a t  L1 
and cutting all dorsal roots to the segment. 

Transection in acute experiments was pre- 
ceded by freezing of the cord a t  immediate 
site of sectioning; in chronic preparations, ei- 
ther the same method was used, or dura was 
left intact and a cut made between ligatures 
tied around the dural sac. Dorsal roots were 
clamped with silver clips and cut extradurally 
if deafferentation was performed at  time of 
initial operation, or if left to terminal experi- 
ment, the roots were cut along line of their en- 
trance into the cord, a t  which level it was 
generally possible to spare major radicular 
vessels. When cutting extr,adurally, ventral 
roots from about S3 caudalward also had to be 
sacrificed. Close nursing care involving treat- 
ment with antibiotics, forced feeding, and 
bladder expression was given to chronic ani- 
mals over 2-30 days. At time of terminal ob- 
servation, cats were electrolytically decere- 
brated, the lumbosacral cord bathed in min- 
eral oil maintained within 1" od normal body 
temperature by thermistor-controlled radiant 
heat, and observations begun 2-6 hours after 
surgery was completed. Potentials were de- 
tected by suspending fine filaments of either 
ventral or dorsal roots on submerged silver 
electrodes. When dorsal root fibers were 
monitored, the hind leg was denervated except 
for the nerve to triceps surae, and units were 
identified as spindle afferents by presence of 
a pause in discharge during induced twitch. 
Checks were routinely made for completeness 
of deafferentation by inspection for reflex re- 
sponses upon stimulation of the skin, through 
search for afferent activity in dorsal roots in 
Preparations with extradurally cut roots, and 
by postmortem inspection of root and cord le- 
sions. 


