
peptde SEGYTFQVQDGAPGTFNF coupled to key- 
hole I~mpet hemocyann and against full-ength re- 
combinant hSRPl a expressed In E coil (Fig. 3A) 
Standard mmunization procedures were used. 

33, lmmunopurification was periormed by recycl~ng 10 
m of HeLa S l  00 extract (-1 0 mg/ml), prepared 
according to the method descrbed by Dignam et a/. 
iJ. D. D~gnam, R. M Lebovitz. R G. Roeder, Nucieic 
Acids Res 11 1475 (1 983)], over a 1 - m  column of 
proteln A-Sepharose 4 8  beads (Pharmac~a) coupled 
to e~ther prelmmune or ant~pept~de antiserum, for 2 
hours at 4'C The beads were washed with 50 m of 
P P  buffer and then eluted by incubation of the beads 
for 2 hours at room temperature In 1 m of P P  buffer 
containng free hSRPl u peptide (1 mg/ml). 

34. For MonoQ chromatography, eluates of the aff~n~ty 
column were dialyzed for 2 hours at 4'C aganst 
500 ml of IPP buffer without Trton X-100 and pep- 
tide.-The dialyzate was loaded directly onto a 
MonoQ PC1 6/5 column through use of the 
SMART system (Pharmaca) and eluted w ~ t h  a gra- 
dient from 150 to 600 mM NaCl In 20 column 
volumes. The hSRPla complex eluted In a sharp 
peak at -300 m M  NaCl 

35 The hSRPla expression vector was constructed 
by subclon~ng of a Bam HI-Xho I fragment of 
a Bluescr~pt plasmid vector contanng the f u -  
length hSRPl u cDNA (pBShSRPl a) Inserted be- 
tween the Bam HI and Xho I s tes of the His vector 
pRSET (nv~trogen) The resulting plasm~d pHsh- 
SRPl a was grown in E coli strain BL21 LysS to an 
absorbance at 600 nm (Aecc) of 0.4 and induced 
wlth lsopropy-P-D-th~ogalactopyranos~de for 3 
hours at 30'C. Cells from a 3-liter culture were 
lyzed with a French Press and recomb~nant 
hSRPla pur~fied twce  over Ni-nitr~lotriacetic acid 

agarose (Qiagen) under nat~ve cond~t~ons. 
36. lmmunoprec~pitat~ons were done as described (29). 

3%S-abeled CBP80 and CBP80-NLS2 were pre- 
pared by n vltro translation with rabbit reticulocyie 
lysate (Promega) 

37 Import assays were done essentaly as descrbed 
by Adam et a1 (4) except that HeLa cells were 
permeabized in suspension with d~gitonin. All 
samples were incubated at 23°C for 60 m n  in a 
total volume of 10 ~1 in a buffer containing 20 mM 
Hepes-KOH (pH 7 3), 110 mM potassum acetate, 
5 mM sodium acetate, 2 mM magnesum acetate 
1 mM EGTA. 2 mM dithiothre~tol, 1 mM phenyl- 
methylsulfonyl fluor~de (all final concentrations) w t h  
- l o 4  cells per assay The samples indicated con- 
ta~ned ATP and GTP (guanos~ne tr~phosphate) 
(each at 2 mM), creatine phosphate (1 0 mM), and 
creatine k~nase (1 p.g/ml) (all f ~ n a  concentrat~ons) 
Hexok~nase was used at 20 U /m f n a  concentra- 
t ~ o n  Xenoaus eaa extracts were c r e ~ a r e d  essen- 
t~ally as d e s c r b e d i ~ .  J Lohka and Y Masu~, Sn- 
ence 220, 71 9 (1 984)] 
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Photovoltage of Rods and Cones 
in the Macaque Retina 

David M. Schneeweis and Julie L. Schnapf" 

The kinetics, gain, and reliability of light responses of rod and cone photoreceptors are 
important determinants of overall visual sensitivity. In voltage recordings from photore- 
ceptor~ in an intact primate retina, rods were found to be functionally isolated from each 
other, unlike the tightly coupled rods of cold-blooded vertebrates. Cones were observed 
to receive excitatory input from rods, which indicates that the cone pathway also pro- 
cesses rod signals. This input might be expected to degrade the spatial resolution of 
rnesopic vision. 

T h e  photocurrent signals of photoreceptor 
cells primarily reflect light-activated bio- 
chemical processes that occur in the outer 
segment. T h e  membrane potential, howel~er,  
also can be shaped by voltage-dependent 
conductances and synaptic interactions ( I  ). 
This stitdv demonstrates a role for these lat- 
ter processes in primate photoreceptors. 
These processes are of particular importance 
because the photovoltage, not the photocur- 
rent, modulates svnantic transmission. , 

Photo\,oltage responses of 16 rods and 
23 cones (14 green and 9 red) from 13 
monkeys were measured with the  perforat- 
ed-patch technique (2).  Dark-adapted reti- 
nas, obtained primarily from the  ~nonkey  

Decartments of Ochthalmology and Physiology Unver- 
s~ty of Californ~a, San Francisco, CA 941 43-0730, USA. 
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Macaca fascictiln~is, were placed in a record- 
ing chamber and superfused with physiolog- 
ical saline (3). .A 180- or 400-km-diameter 
spot of plane-polarized light, incident o n  
the  ganglion cell side of the  retina, was 
focused onto  the  photoreceptors. T h e  rate 
of nhotoisorneriiation was estimated from 
the  product of the  light intensity and the  
collecting area, A,, of the  photoreceptor 
(4). 

T h e  dark resting notential of rods was. " 

o n  average, -37 mV, and light evoked 
hyperpolarizing responses that increased 
with flash strength (Fig. 1, .A and B).  T h e  
relation between peak hyperpolarization 
and photon density was fitted by a Michael- 
is fiu~lction (Fig. 1C) .  This filnction is less 
steep than the  exponential saturation func- 
tion that  describes the  intensity depen- 
dence of the  photocurrent in macaque and 

Time (s) 

Fig. 1. Dependence of photovoltage on flash 
strength in macaque rods. Change In membrane 
potentla In one rod IS plotted In (A) and (6). on two 
time scales as a functon of time after the m d d e  
of a 10-ms flash. Traces are average responses to 
1 to 18 flashes. Dark restlng membrane potential 
is -43 mV. Response bandwdth, DC to 30 Hz. 
Flash monitor is below voltage traces. Flash pho- 
ton densities ranged from 5 photons *m-' to 
2300 photons p r ' ,  at 500 nm. (C) Peak hyper- 
polar~zation of flve rods IS plotted as a functon of 
flash strength on normallzed axes. Each symbol 
represents a different cell; r, peak hyperpolarlza- 
ton; r,,.,,, maxlmal hyperpoarzat~on to a saturat- 
ing Ilght; I ,  flash photon denslty; I,, the photon 
density that elicited a peak response of %r,,,,,. For 
the cells plotted, r,,,,, varled between 13 mV and 
35 mV (mean 22 mV) and I, ranged from 17 pho- 
tons *m-'to 130 photons *m-? The continuous 
cunle is the Mchaells functlon rlr,,,, = i/(i + I,), 

the dashed curve IS an exponentla saturation 
functlon, r/r,,, = 1 - exp (-//I,). 
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human rods 15. 6 ) .  T h e  nhoton dens~ tv  that 

1 .O- 

X 
m 
LE 00.- 
2 

0.0- 

~, 

eliciteii a response of half-maxitnal ampli- 
tude was 75 i- 40 photons p x - '  (mean i- 
SD, n = I @ ) ,  or about 75 photoisomeriia- 
tions. Input resi?tance was 1.2 t 0.5 gig- 
ohms (mean i- SD, n = 6) (7). 

T h e  time to the  peak of the  response to 
the  flash decreased with increasing flash 
strength from 200 tns to less than 35 ms 
(Fig. 1,  A and B). In  response to bright 
flashes, the  photovoltage displayed a n  ini- 
tial transient that decayed to a plateau of 
intermediate \ d u e .  These kinetic features 
are not  present in the  photoci~rrent (5); 
differences of this kind between photocur- 
rent and \,oltage have been obser\,ed pre1.i- 

,- - - - Q v A  

f 
-vp 

SCIENCE VOL. 268 19 MAY 1995 

;s" I I I 

0.01 0.1 1 10 100 
i/i, 



ously in the  rods of a i n p h ~ b ~ a n s  and were 
attributed to voltage-dependent conduc- 
tances ( 1 ). 

In  cold-blooded l~ertebrates, rods are 
coupled to each other extensively through 
electrical synapses ( 8 ,  9 ) .  This mechanism 
effectively averages the  signals of many 
rods, thereby reducing \miability in  the  
amplitude of responses to dim flashes (8). In  
this studv, however, we found that the  am- 
plitude variability in  monkey rods was com- 
paratively large (Fig. 2A) ,  which suggests 
that neighboring rods are not tightly cou- 
pled. T F e  number of effectively coupled 
rods, N,, defined as the  ratio of the  expect- 
ed variance of an  isolated rod to the  mea- 
sured ensemble variance, was estimated 
from responses to dim flashes (9-1 1) .  For 
the  rod in Fig. 2, N c  was 1.2. In  a total of 
five rods, N, = 0.6 t 0.4 (mean 2 SD) ,  
close to  the  value of 1. which denotes a n  
absence of coupling. In  contrast, for the  rod 
network of cold-blooded vertebrates ( 8 ,  9 ) ,  
N c  10  to  30. T h e  absence of rod coupling 
observed here in  primate retina is consis- 
tent with the  absence of gap junctions be- 
tween primate rods ( 12). 

If the  rods are electricallv isolated and 
each photoisomerization elicits an  identical 
voltage response, it is expected that the  
waveform of the  ensemble variance would 
match that of the  sclilare of the  a17erage 
response (13).  For monkey rods, this expec- 
tation was met for times up to and slightly 
past the  time to peak, but deviations were 
observed a t  later times, when the variance 
was consistently larger than predicted (Fig. 
2C). A corresponding variation in the  du- 
ration of the  flash responses can be seen 
directly (Fig. 2A).  A similar dispersion in 
time course has been observed in photocur- 

rent responses of monkey rods [figure 6 in 
(5)], which suggests that \miability may 
exist in the  biochemical processes that turn 
off the  photon response. Some variability in 
the time course might be expected from 
variations in  the  longitudinal nosition of - 
photon absorption within the  outer seg- 
ment  15. 13 ). T h e  mechanism resoonsible 
for this positional dependence ' is not 
known. 

Assuming that rods are electrically inde- 
pendent, se\,eral estimates of the  mean peak 
hyperpolarization per photoisoineriiation, 
a, were derived from responses to dim flash- 
es. O n e  estimate was obtained from the  
ratio of the  peak ensemble \,ariance a' (Fig. 
2C)  to  the  peak amplitude of the  mean 
(Fig. 2B). For the  rod in Fig. 2,  this gave a 
value for n of 1.1 mV. A second estimate 
was obtained from the  distribution of re- 
sponse amplitudes (Fig. 2D, bars). This 
function was well described by a Poisson 
distribution of photoisomerizations (Fig. 
2D, curve) that was smoothed by dispersion 
in the  size of the  single photon response and 
bv baseline noise 114. 15). T h e  value of a 
that gave the  best i t  of the  theoretical 
distribution to  the  measured histogram was 
1.5 m V  for the  rod in Fig. 2, and 1.2 2 0.3 
mV (mean t S D )  in  a total of five rods. 
This is close to the  value of 1.1 2 0.4 inV 
obtained from the  variance to mean ratio in 
the  same collection of rods. It also is similar 
to the  \ d u e  of 0.7 2 0.4 m V  obtained from 
n = p/(iA,), where AL was taken as 1 p,m2 
and i is the  flash photon density. T h e  rea- 
sonable agreement of the  three estimates 
supports the  theory that vartations in the  
photovoltage reflected vartations In the 
number of photoisomerizations of a single 
rod and that the  peak response amplitude 

Fig. 2. Amplitude fluctu- A B 
- ~ - >o,, 

ations of a rod In dlm . 
I~ght, 10-ms flashes, 500 
nm. 1.3 ~ho tons  urn-': E 
inax = 25 mv; restlng . . . . . . . . . . -21 

V 

potential is -37 mV, (A) 
Photovokage responses c 2  
to flashes; dots ndcate ,, r n 
the tlmlng of flashes. ' ' ' ' ' ' ' ' ' ' 

Bandwdth, DC to 3 Hz. ymm ,, 
V Y I I 

(B) Ensemble average A 2  mV 0 1 2 
photovoltage for re- 5 s Time (s) 
sponses to 90 flashes, 
ncudng those illustrated in (A). Mean peak hyper- D 
polarzation I* IS 1.7 mV. (C) Ensemble varance of 
photovoltage (sol~d line). Squared mean, from (B), - 
scaled to the same peak amplitude (dashed Ilne). 2 
The peak change of variance a' is 1 .8  mV2. Band- 2 5 
width in (B) and (C) and analysls In (D), DC to 5 Hz. $ 
(D) Bars plot amplitude histogram for the 90 flash 
responses. The smooth curve descrbes a modi- 
fled Posson distrlbuton of amlslltudes 115). The 
best (least squares) f~t to the mflasured histogram 
was achieved with a = 1.5 mV and u, = 0.26 mV. 

U 4 

Photovoltage (mV) 

The parameters y and uc were fixed'as measured. (Inset) Bars plot amplitude hstogram for 90 records 
In darkness (15). The smooth curve 1s a Gaussian dstribution wlth a standard deviation a, of 0.27 mV. 

per photoisomerization was about 1 mV. 
This magnitude is similar to  that of rods in 
cold-blooded l~ertebrates (8, 9 ) .  

T h e  dark resting potential of cones was, 
o n  average, -46 mV. T h e  intensity depen- 
dence of response amplitude followed a 
Michaelis function (Fig. 3C) .  Half-maximal 
amplitudes were evoked by 1430 i- 870 
photoisomerizations (mean i- SD,  n = 9)  
( 1  6). T h e  single photon response amplitude 
a was estimated to be 5.2 i- 3.7 p V  (mean 
2 SD, n = 10) from extrapolatiol~s of the  
Michaelis function. Maximal hyperpolariza- 
tions ranged from 5 to 12 mV; these values 
were somewhat smaller than those reported 
for turtle cones (1 1 ,  17).  Lower values 

I I I I 
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Time (s) 

Fig. 3. Dependence of photovoltage on flash 
strength in macaque cones. Change In mem- 
brane potental of a red cone 1s plotted as a func- 
tlon of tlme after the middle of a 10-ms flash of 
500-nm (A) or 660-nm (6) Ilght, Traces are the 
average responses to 1 to 12 flashes. Flashes at 
the two wavelengths were interleaved. Flash mon- 
tor 1s shown below the voltage traces in (B). Flash 
photon denslties ranged from 340 photons ym-' 
to 8.15 x l o4  phptons ~ m - q n  (A) and 8.17 X 

10"hotons ym-' to 8 24 x 1 0" photons p,m-' 
in (B). Restlng membrane potental In the darkwas 
4 7  mV. Bandwdth, DC to 50 Hz. (C) Peak hy- 
perpolarzation from two red cones (fled symbols) 
and three green cones (open symbols) plotted as 
a function of flasli strength on normallzed axes. 
Each symbol denotes a dfferent cell. For the cells 
shown. r,,, ranged from 5 mV to 1 1 mV, and ic (at 
500 nm) ranged from 550 photons ym-"to 2140 
photons ~ m - '  for the green cones, and 1440 
photons I*m-2 to 5750 photons F m 2  for the red 
cones. The curve 1s the Michaelis functon. 
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could result from electrical coupling be- 
tween a cone and its numerous neighboring 
rods. 

In some cells (Fig. ?I), the photovoltage 
illsplayed a depolarizing overshoot, presum- 
ablv because of a delaved increase in the 
light-activated conductance of the outer seg- 
ment (18); a corresponding inward current 
was observed in voltage clamp. In contrast 
with the photocurrent, the time to the peak 
photovoltage (Fig. 3, A and B) varied with 
intens~tv, from about 35 Ins for dim flashes to 
less than 10 ms for flashes of saturating In- 
tensitles. In response to bright flashes, the 
photovoltage showed an initial spike that 
decayed to a plateau. These characteristics of 
the photovoltage, w,hich are absent from the 
photocurrent (18), likely are attributable to 
the voltage-gated channels previously ile- 
scribed in macaque cones (19). 

Unlike the nhotocurrent 120). the wave- 
\ , ,  

form of the cone photovoltage was depen- 
dent on wavelength. When lntensltles of 
500- and 660-nm llght were adjusted to 
evoke responses of co~nparable peak ampli- 
tude, the 500-111n response was longer-last- 
lng and displayed a prominent hyperpolar- 

, I I I I I 
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Fig. 4. Cone photovoltage has a rod component. 
Each trace is the average of four to nine responses 
of a green cone to a 10-ms flash of 500-nm (solid 
curves) or 660-nm (dashed curves) light. Flashes 
at the two wavelengths were interleaved. (A) Flash 
strengths were adjusted to evoke responses of 
comparable peak amplitude: 178 photons ym-2 
(500 nm) and 5.45 x 10'' photons p.m-' (660 nm). 
The response at 500 nm had a prom~nent hyper- 
polariz~ng after-potential. (6) Flash strengths were 
adjusted to evoke equal photon absorption for 
rods: 94 photons I*m-2 (500 nm) and 4.30 x 10" 
photons ym-"660 nm). Response to the 660- 
nm flash was truncated. Bandwdth, DC to 40 Hz. 
Resting potential IS -48 mV; r,,,, = 8.2 mV. 

king after potentlal (Flgs. 3 and 4A).  When 
light Intensities were readjusted to equate 
photon absorption in rods (21), the result- 
ant after-potenttals were equivalent at the 
two w~avelengths (Fig. 4B). In addition to 
the rod-like spectral sensitivity, the inten- 
sity dependence, duration and adaptation 
characteristics (22) of the after-hyperpolar- 
ization are consistent with the idea that rod 
signals modulate the ~nelnbrane potential of 
cones. 

Rods appeared to contribute to the early 
phase of the cone response as \yell. In both 
red (n  = 6) and green (n = 8) cones, peak 
sensitivity at 500 nm relative to 660 nm was 
on average two trlnes greater than that ex- 
pected from photocurrent recordings (20, 
21). In contrast, the relative sensitiv~ty 
measured in four rods was w,ithin 5% of that 
expected from prevlous spectral sensit~vity 
measurements (5, 21). Evidence for rod 
~ n p u t  was obtained 111 all 20 cones tested 
and probably is mediated by the gap junc- 
tions observed between rods and cones in 
the macaque retlna (12). The absence of a 
detectable cone contribution to the rod 
membrane potential is expected, because 
the rods outnumber the cones by a factor of 
20 in the region of the retina studied. Rod 
input to cones has been observed previously 
in a study of a small number of cones in the 
cat retina (23). 

It has been hypothesized from human 
psychophysical experiments that rod signals 
are transmitted via two distinct retinal 
pathways (24). One pathway dominates at 
low light levels. The second pathway has 
faster bandpass temporal properties and 
dominates at mesopic light levels. The rod 
input we observed in cones may reflect the 
entry point for rod signals into this second 
rod pathway, w,hereas the direct rod-to-bi- 
polar synapse would constitute the origin of 
the slow,er pathway (23-25). If that is so, 
differences between rods and cones in the 
gain and temporal filter characteristics of 
the synapses with their second-order cells 
(26) might account for the observed t e n -  
poral and sensitivity differences of the two 
psychophysical pathways. 
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Ribosomal RNA Precursor Processing by a 
Eukaryotic U3 Small Nucleolar RNA-Like 

Molecule in an Archaeon 
Simon Potter, Peter Durovic, Patrick P. Dennis* 

An RNA-containing endonuclease that catalyzes the excision and maturation of the 16s 
ribosomal RNA (rRNA) from the rRNA primary transcript (pre-rRNA) in the hyperthermo- 
philic archaeon Sulfolobus acidocaldarius has been characterized. The ribonucleoprotein 
was inactivated by micrococcal nuclease treatment and inactivation was reversed by 
reconstitution with bulk RNA. A 159-nucleotide RNA with sequence and structural sim- 
ilarity to U3 small nucleolar RNAs of eukaryotes copurified with the endonuclease activity. 
Oligonucleotide-targeted ribonuclease H inactivation of the US-like RNA component also 
abolished processing activity. A motif within the U3 homolog is complementary to the 
region around the three cleavage sites in the pre-RNA substrate. Thus, U3-mediated 
processing of pre-rRNA is not specific to eukaryotes; its origin predates the divergence 
of archaea and eukaryotes. 

A t  least two endonuclease activities partic- 
ipate in the processing of the primary tran- 
script frorn the single copy 163-235 rRNA 
oneron in S. acidocaldnrius (1).  The first of 
these endonucleases is the well-character- 
ized, helix-processing enzyme unique to all 
archaea (2 ,  3). This endonuclease excises 
introlls from intron-containing tRNA and " 

rRNA gene transcripts and, in most species, 
excises pre-163 and 23s rRNAs from the 
primary rRNA transcript (1-4). The en- 
zyme has a rigorously defined substrate spec- 
ificity; it acts on two three-base bulges, lo- 
cated on opposite strands within an extend- 
ed helix, that are separated by 4 base pairs 
(bp). With respect to rRNA processing, the 
enzyme is analogous (but not homologous) 
to the helix-specific ribonuclease (RNase) 
I11 of bacteria (5). In S.  acidocaldarius, this 
activitv excises pre-23s but not pre-l6S 

RNA from the primary rRNA transcript (1 ). 
Although the 163 RNA sequence is sur- 

rounded by a long inverted repeat in the 
primary transcript, it is unlikely that the 
putative helix is used or required for exci- 
sion or maturation events in the 5' external 
transcribed spacer (ETS). Instead, the 5 '  
ETS is cleaved at three positions by the 
second endonuclease activity, which we 
now show resembles the U3-containing ri- 
bonucleoprotein (RNP) particles responsi- 
ble for processing of pre-rRNA in the nu- 
cleolus of eukaryotic cells (6) .  The  first two 
cleavages occur -99 and 31 nucleotides 
(n t )  upstream of the 16s RNA sequence, 
and the third occurs at the 5 '  ETS-163 
RNA junction in order to produce the 5' 
end of mature 163 RNA. We have shown 
previously that a cell-free extract of S.  aci- 
docaldarius will cleave a svnthetic RNA sub- 
strate that contains the 5'  ETS and the first 

Department of Bochemstry and Molecular Biology and 
Canad~an Institute for Advanced Research, Unversity of 72 nt of RNA sequence at Or 'lose to 

Brit~sh Columb~a, Vancouver, British Columbia, Canada the expected three positions (1 ). This ob- 
V6T 123. servation indicates that 5' ETS processing 
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processing helix, and that maturation at the 
5'  end of 163 R N A  requires no more than 
72 n t  of 16s R N A  sequence and does not 
require concomitant small ribosomal sub- 
unit assembly. The endonuclease activity 
was sensitive to Riqase A digestion, indi- 
cating that it contained an R N A  compo- 
nent essential for activity. 

Primer extension analysis was used to 
position precisely the 5'  ends of intermedi- 
ates and products resulting from in vitro 
cleavage of an SP6 RNA polymerase-tran- 
scribed substrate R N A  by an activity puri- 
fied from cell-free extract (7)  (Fig. 1) .  The 
primer was complementary to positions 57 
to 35 of 163 rRNA. The  observed products 
indicated that major cleavages occur at po- 
sitions -99 (site l )  and -31 (site 2) of the 
5'  ETS and at position + 1 (site 4) at the 5' 
ETS-16s RNA junction. These intermedi- 
ates and the mature 16s R N A  product were 
virtually identical to those observed in vivo 
(1 ,  8). Additional minor extension prod- 
ucts with 5'  ends near sites 1, 2, and 4 were 
observed; these could represent alternative 
positions for endonucleolytic processing or, 
in some instances, nuclease trimming at the 
5' end of the intermediates or products. 

We also directly visualized the accumu- 
lation of product fragments that resulted 
frorn the cleavage of 32P-labeled substrate 
RNA. Three of the four products accumu- 
lated in a time-dependent manner (Fig. 2, 
A and B). The fourth product was too short 
to visualize on  the electrophoresis gel. 

RNase A sensitivity of processing activ- 
ity in crude cell extracts ( I )  was supported 
bl- incubating partially purified processing 
activity with micrococcal nuclease at 37OC 
before increasing the temperature to 75OC 
for 15 min and then adding the substrate 
R N A  (9). N o  specific processing was evi- 
dent when the partially purified activity was 
treated with the nuclease (Fig. 2C, lanes 2 
and 3). The inactivated processing activity 
was then reactivated by reconstitution with 
bulk S.  ncidocnldarius RNA ( 3  to 15 kg) for 
15 min at 75"C, after which substrate RNA 
was added and incubation was c o n t i n ~ ~ e d  
for a further 15 min at 75'C (Fig. 2C, lanes 
4 to 8). Reactivation was partial with the 
use of 6 kg of RNA and essentially corn- 
plete with >6 kg  of RNA. Bulk R N A  from 
several other archaeal or bacterial species 
was illeffective in heterologous reconstitu- 
tion (7). The  reconstituted activity was it- 
self sensitive to redigestion by micrococcal 
nuclease. The reconstituted mixture was 
transferred back to 37°C and a second dose 
of micrococcal nuclease (100 ng or 1 kg) 
was added, before returning the sample 
again to 75°C and adding substrate RNA; 
no processing was evident (Fig. 2C, lanes 9 
to 12). 

The  presence of an RNA component in 
the purified processing activity was detected 
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