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ABSTRACT An 11S protei n composed of s i x po l ypept i de chai ns was prev i ous l y pur i f i ed f rom a sal t
extract of dog pancreas mi crosomal membranes and shown to be requ i red for trans l ocat i on of nascent
secretory protei n across the mi crosomal membrane (Wal ter and Bl obel 1980 Proc . Nat l . Acad . Sci .
U . S . A . 77 : 7112 - 7116) . Th i s 11S protei n , termed s i gnal recogn i t i on protei n (SRP) , has been shown here
(a) to i nh i b i t trans l at i on i n the wheat germ cel l - f ree system sel ect i v i ty of mRNA for secretory protei n
(bov i ne prepro l act i n) but not of mRNA for cytop l asmi c protei n (al pha and beta chai n of rabb i t

g l ob i n) ; (b) to b i nd wi th rel at i vel y l ow af f i n i ty (apparent KD < 5 X 10 - 5 ) to monomer i c wheat germ
r i bosomes ; and (c) to b i nd sel ect i vel y and wi th 6 , 000 - fo l d h i gher af f i n i ty (apparent K D < 8 X 10 - ) to
wheat germ r i bosomes engaged i n the synthes i s of secretory protei n but not to those engaged i n the
synthes i s of cytop l asmi c protei n . Low- and h i gh - af f i n i ty b i nd i ng as wel l as the sel ect i ve trans l at i on -
i nh i b i tory ef fect were abo l i shed af ter mod i f i cat i on of SRP by N - ethy l mal ei mi de . H i gh - af f i n i ty b i nd i ng
and the sel ect i ve trans l at i on - i nh i b i tory ef fect of SRP were l argel y abo l i shed when the l euci ne (Leu)
anal ogue a- hydroxy l euci ne was i ncorporated i nto the nascent secretory po l ypept i de .

We have prev i ous l y reported the pur i f i cat i on f rom dog pan -
creas rough mi crosomes of an 11S protei n composed of s i x
po l ypept i des that i s requ i red for trans l ocat i on of secretory
protei ns (1) . In th i s ser i es of papers , we descr i be our el uci dat i on
of some of the speci f i c mo l ecu l ar events i nvo l ved i n the 11 S
protei n - med i ated trans l ocat i on of secretory protei ns across the
endop l asmi c ret i cu l um membrane . Our data show that the
pur i f i ed 11 S protei n funct i ons i n the recogn i t i on of the s i gnal
sequence of nascent secretory protei n , and therefore i t has been
termed "s i gnal recogn i t i on protei n" (SRP) .

In th i s f i rst paper of the ser i es , we show that SRP b i nds to
nascent , i n v i tro assemb l ed po l ysomes synthes i z i ng secretory
protei n (bov i ne p i tu i tary prepro l act i n) and not to those synthe-
s i z i ng cytop l asmi c protei ns (al pha and beta chai n of rabb i t
g l ob i n) . Moreover , SRP speci f i cal l y i nh i b i ts trans l at i on of se-
cretory protei n ( i n the absence of mi crosomal ves i cl es) but not
of cytop l asmi c protei n . Th i s trans l at i on - i nh i b i tory ef fect has
been found to correl ate wi th the po l ysome b i nd i ng capaci ty of
SRP .

MATERIALS AND METHODS

Mater i al s

[ ' S]Met (1 , 000 Ci / mmo l ) and [ ' s. I ]Bo l ton - Hunter reagent (2 , 000 Ci / mmo l )
were f rom New Eng l and Nucl ear , Boston , Mass . N i kko l (octaethy l eneg l yco l -
mono - N - dodecy l ether ) was f rom N i kko Chemi cal s Co . , LTD , Tokyo , Japan .
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Ami nopenty l agarose was f rom S i gma Chemi cal Co . , St . Lou i s , Mo . f t - hydroxy -
DL- l euci ne was f rom U . S. Bi ochemi cal Corp . , Cl evel and , Oh i o . Trasy l o l (10 , 000
` U / ml ) was f rom FBA Pharmaceut i cal s , New York, N . Y. NCS t i ssue so l ub i l i zer
was f rom Amersham Corp . , Ar l i ngton Hei ghts , I l l . The var i ous protease i nh i b i tors
were f rom S i gma Chemi cal Co . , St . Lou i s , Mo . and Boehr i nger , Mannhei m,
Germany .

Al l preparat i ve procedures were done at 4°C . Opt i cal absorbance determi na-
t i ons were per formed i n 1% SDS . The 1 M tr i ethano l ami ne stock buf fer was
ad j usted to pH 7 . 5 at room temperature wi th acet i c aci d and , as such , i s referred
to as TEA . The 4 M KOAc stock so l ut i on was ad j usted wi th HOAc to pH 7 . 5 at
room temperature . Al l percentages arewei ght per vo l ume, except where i nd i cated
otherwi se .

Buf fers

(A) : 250 mM sucrose, 50 mM TEA, 50 mM KOAc, 6 mM Mg (OAc) 2, 1 MM
EDTA, 1 mM DTT (d i th i othrei to l ) , 0. 5 mM PMSF (pheny l methy l su l fony l
f l uor i de) . (B) : 250 mM sucrose, 50 mM TEA, 1 mM DTT. (C) : 50 mM TEA, 500
mM KOAc, 5 mM Mg (OAc) 2, 1 mM DTT. (D) : 50 mM TEA, 1 M KOAc, 10
mM Mg (OAc) 2, I mM DTT , 0 . 05% N i kko l .

Preparat i on of Mi crosomal Membranes

Rough mi crosomal membranes were prepared f rom f resh l y exci sed dog pan -
creas (2) by a mod i f i cat i on of the procedure descr i bed (3) . The t i ssue was
extens i vel y mi nced wi th a razor b l ade, passed through a t i ssue press , and
homogen i zed i n 4 Vo l of Buf fer A wi th 5 strokes i n a motor dr i ven Potter -
E l veh j em homogen i zer (Kontes Co . , Vi nel and , N . J. ) . The homogenate was
centr i fuged for IO mi n at 1 , 000 g. , and for 10 mi n at 10 , 000 g . Crude rough
mi crosomes (RM) were co l l ected by centr i fugat i on of the 10 , 000 g , supemate
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for 2 .5 h at 140,000 g. , through 1P-15-ml cushions of 1 .3 M sucrose in Buffer A .
The result ing pel lets were resuspended by manual homogenization in a Dounce
homogenizer (A-pestle) in Buffer B to a concentration of 50 A . U /ml .

Adsorbed ribosomes and proteins were removed by passing the resuspended
crude rough microsomes through a Sepharose C1-2B column (4) in a low-salt
buffer [50 mM TEA / 0 .5 mM Mg (OAc)z / I mM DTT] . A 20-ml portion was
loaded on a 200-ml column (upward f low, 15 ml /h) . The turbid fractions were
pooled, and the membranes were col lected by centri fugation (15 min at 50,000
g. . - ) . The result ing washed RM were resuspended in 20 ml of Buffer B, al iquoted,
and rapidly frozen in l iquid nitrogen and stored at -80°C.

Salt -extraction of Washed Rough Microsomes

10 ml of an ice-cold salt solution (1 .5 M KOAc / 15 mM Mg (OAc)2) was
slowly added to 20 ml of RM . The mixture was incubated for 15 min on ice . The
membranes were sedimented for l h at 120,000 g. , through a cushion of 0.5 M
sucrose in Buffer C, and the result ing pel let of salt -extracted RM (K-RM) was
resuspended in 20 ml of Buffer C containing 250 mM sucrose . The supernatant
f luid fraction, not including the cushion, was recentri fuged (3 .5 h at 200,000 g , )
to deplete it of r ibosomes (post-ribosomal salt extract) .

Fractionation of the Salt Extract by Hydrophobic
Chromatography

A 2-ml column of aminopentyl -agarose (5 .7 pmol /ml of 1,5-diaminopentane
was prewashed with 10 ni l of 2 M KOAc and then equi l ibrated with 20 ml of
Buffer C. The post-ribosomal salt extract (24 ni l ) was passed over the column (6
ml /h) . The column was then washed with 10 ml of Buffer C and eluted with
Buffer D. As soon as Buffer D appeared in the eluent (detected by an abrupt
change in drop size due to the presence of detergent) , a 2-ml fraction was
col lected . This fraction is referred to as SRP and is essential ly homogeneous (1) .

Further Puri f ication of SRP

For some experiments (as indicated in f igure legends) as wel l as after the
radioiodination procedure, SRP was further puri f ied by sucrose gradient centri f -
ugation . A 100-pl portion of column-puri f ied SRP solution (5 U /pl ) was layered
on top of a 5-20% sucrose gradient (5 ni l ) in Buffer C containing 0.01% Nikkol
and centri fuged for 6 h at 50,000 rpm in the Beckman SW 50 .1 rotor (Beckman
Instruments, Inc. , Ful lerton, Cal i f . ) . The gradients were fractionated using an
Instrument Special it ies Co . ( ISCO, Lincoln, Neb. ) gradient fractionater with a
continuous absorbance monitor and the 11S peak was col lected . When iodinated
material was repuri f ied, the gradients contained 100 pg /ml autoclaved gelatin as
carrier protein .

Label ing of SRP with Bolton-Hunter Reagent

A 100-p1 portion of column-puri f ied SRP solution (5 U /pl , protein concentra-
t ion 40 f ig /ml ) was incubated with 400 pCi ` I -Bolton-Hunter reagent (2,000 Ci /
mmol ) for 150 min on ice . Tris-HOAc pH 7 .5 was added to 50 mM to terminate
the reaction . The mix was then passed over a 1-ml Sephadex G-25 superf ine
column in buffer C (containing 100 pg /ml autoclaved gelatin and 0.01% Nikkol )
and the excluded volume was col lected (120 Al ) . The sample was then repuri f ied
on a sucrose gradient as described above . The I 1 S peak was col lected in 550 pl .
The radioactivity was determined by gamma counting to be 7,550 cpm /pl . From
these data we calculated that about one in ten SRP molecules was modi f ied .

Cel l - free Protein Synthesis

Bovine pituitary RNA and /or rabbit reticulocyte RNA (0.2 Azso U per 25 pl
of translation mix) were translated in a staphylococcal nuclease-treated (5) wheat
germ system (6 Al of wheat germ S23 and 25 pCi [" 'S]Met (methionine) /25 pl
translation mix) . Al l translations were supplemented with human placental
RNase inhibitor (6) at a f inal concentration of 0.01 Azso U /ml and a cocktai l of
selected protease inhibitors (which do not interfere with protein synthesis) at the
fol lowing f inal concentrations : pepstatin A 0 .1 pg /ml , chymostatin 0.1 gg /ml ,
antipain 0.1 pg /ml , leupeptin 0 .1 pg /ml , and trasylol 10 U /ml . The ions that
were added with various fractions were taken into account and compensated for
to yield f inal ion concentrations of 150 mM KOAc and 2 .0 mM Mg (OAC)2 in al l
translations . The nonionic detergent Nikkol was present in al l translations at a
f inal concentration of 0 .002% to stabi l ize SRP activity (1) . Membranous fractions
were always added last, after al l of the other components were mixed and the
detergent uni formly di luted.

Under these condit ions mammal ian polysomes sti l l attached to the RM
preparation do -ot read out in the plant translation system, and therefore, no
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"stripping" or nuclease treatment of the microsomes to deplete them of their
endogenous mRNA activity is necessary .

Quantitation of in Vitro Synthesized Proteins

An isotope di lution experiment Leas carried out to determine the amount of
free, nonradioactive Met in our translation system. Nonradioactive Met at 8.5 t

1 .5 pM was found to decrease the amount of radioactive Met incorporated into
polypeptide chains by 50% . Therefore, calculations to determine the concentra-
t ions of in vitro synthesized protein assume an endogenous Met concentration of
8 .5 gM .

Polyacrylamide Gel Electrophoresis (PAGE) in
Sodium Dodecyl Sul fate (SDS)

Procedures for SDS-PAGE and subsequent autoradiography of dried slab gels
were done as described (7, 8) . The samples for electrophoresis were precipitated
with TCA, reduced with DTT (100 mM) at 100°C for 5 min, and alkylated with
iodoacetamide (0.5 M) at 37°C for 1 h . Polyacrylamide gradient (10-15%) slab
gels were used throughout . To quantitate the radioactivity in speci f ic polypeptide
species, bands were located by autoradiography, excised, and rehydrated for I h
in 100 p1 of H z 0. The rehydrated sl ices were then incubated in l ml of NCS
tissue solubi l izer / Hz0, 9 :1 (vol /vol ) for 6 h at 50°C . After cool ing, 50 pl of
glacial acetic acid were added and radioactivity was determined by l iquid
scinti l lation counting in 10 ml of Aquasol . The counting eff iciency was deter-
mined to be 70%.

Def init ions

Processing is def ined as [cpm in prolactin / (cpm in prolactin + cpm in
preprolactin)] . It is used as a measure of the translocation activity of membranes
added in subsaturating amounts (1) .

1 equivalent (eq) is the amount of a fraction (supernatant f luid or membrane)
that is derived from I pl of a RM suspension at a concentration of 50 A . U /ml .
1 eq is derived from - -1 mg of tissue .

1 Unit of translocation activity (U) (a) for a membrane fraction is the amount
of membranes that gives the same amount of processing ( i .e . , translocation) as 1
eq of RM, (b) for SRP is the amount that has to be added back to 1 eq of K-RM
to restore activity to that of 1 eq of RM .

RESULTS

During puri f ication of SRP, we noted that SRP inhibited
protein synthesis in the wheat germ cel l - free translation system
i f added in the absence of salt -extracted membrane . We decided
to investigate the speci f icity of this phenomenon by comparing
the effect of SRP on the translocation of secretory versus
cytoplasmic proteins . Rabbit reticulocyte RNA was chosen as
a readi ly avai lable mRNA pool containing species coding
almost exclusively for the cytoplasmic proteins alpha and beta
globin . When SRP was added in increasing amounts to a
translation containing both globin and prolactin mRNA 's (but
no microsomal vesicles) , a concentration-dependent inhibit ion
of preprolactin synthesis was observed (Fig . 1) . However, no
signi f icant effect on the amount of globin synthesized could be
detected . At the highest concentration of SRP used, preprolac-
tin synthesis was essential ly completely inhibited .

These f indings indicated that SRP was able to affect the
translation of speci f ic mRNA 's ( i .e . inhibit ion of preprolactin
synthesis and not of globin synthesis) . On the premise that this
effect of SRP on preprolactin synthesis was exerted via a direct
interaction of SRP with polysomes synthesizing preprolactin,
we attempted to demonstrate an aff inity of SRP for these
polysomes . It was therefore necessary to radioactively label
SRP. Because its metabol ic label ing was not feasible, we tested
several protein iodination procedures to obtain radioiodinated
SRP which, in spite of the perturbation caused by the covalent
modi f ication of the protein, would retain most of its properties .

We chose to label SRP with 125 1-Bolton-Hunter reagent
which al lowed label ing under mi ld condit ions . No decrease in
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SRP inhibits synthesis of preprolactin but not of globin .
Bovine pituitary and rabbit reticulocyte RNA were translated to-
gether in a wheat germ system (251LI) either in the absence or in the
presence of various amounts of gradient-puri f ied SRP . The transla-
t ion products were separated by PAGE in SIDS . Bands corresponding
to preprolactin (pPL) and globin (GLO) were located by autora-
diography, sl iced from the dried gel , and the radioactivity was
determined (16) . The hot acid- insoluble radioactivity in the absence
of SRP was : for globin, 416,000 cpm and for preprolactin, 129,000
cpm . These cpm values were normal ized to be 100 for globin and
preprolactin, respectively . Normal ized cpm in globin ( / ) and pre-
prolactin (O) . SRP was gradient puri f ied (see Materials and Methods)
and its activity determined in units (U) as def ined in Materials and
Methods (1) .

activity of SRP was detected after the label ing reaction was
completed . We estimated that we modi f ied about one in ten
SRP molecules . After label ing, SRP was repuri f ied by sucrose
gradient centri fugation . Labeled SRP had a sedimentation
coeff icient of 11 S, indistinguishable from unlabeled material
(Fig . 2) . SDS-PAGE showed the distribution of label among
the six polypeptide chains of SRP. Most label was contained in
the 54,000 dalton chain; the 70,000 dalton and 68,000 dalton
chains were labeled to a lesser extent, and the smal ler polypep-
tide chains were not visual ized on the autoradiogram (Fig . 2) .
We also used oxidative radioiodination procedures (Chlora-
mine T, Lactoperoxidase, lodogen) to obtain SRP of even
higher speci f ic activity, but SRP was inactive and dissociated
on sucrose gradients after these procedures .

Because 12 ' I - labeled SRP was indistinguishable from unla-
beled SRP with respect to its sedimentation behavior and
because it could be rebound to salt -extracted membranes under
condit ions of low ionic strength (data not shown) we concluded
that the perturbation caused by the label ing procedure itsel f
did not severely alter the structure of SRP . 12.1I - labeled SRP
could therefore be used as a probe to study direct physical
interactions with preprolactin-synthesizing polysomes .

To assemble preprolactin synthesizing polysomes, a staphy-
lococcal nuclease-treated wheat germ cel l - free translation sys-
tem was used. I f exogenous globin or prolactin mRNA was
translated, polysomes were formed but in insuff icient amounts
to be visual ized in the UV absorption prof i le of sucrose gra-
dients (Fig . 3, upper panels) .

In vitro assembled polysomes could, however, b, readi ly
detected i f they were labeled by incorporation of [35S]Met into
their nascent polypeptide chains (Fig . 3, middle panels) . For
these analyses, the translations were al lowed to proceed for 20
min, at which point incorporation of label into protein was
l inear with time (9) . Therefore, the translation reaction could
be considered to be in a steady-state situation (new ribosomes
init iate whi le others terminate protein synthesis) . Because the
speci f ic activity of the labeled Met in the translation system
was known (see Materials and Methods) , we were able to

compute the concentration of nascent chains (or protein-syn-
thesizing ribosomes) in the di fferent gradient fractions (Table
I) . For these calculations we assumed (based on the steady
state argument above) the average Met content of the nascent
chains to be one-hal f of the Met content of the f inished
molecule . (The completed proteins contain one Met each in
rabbit alpha and beta globin (10) and eight Met (11, 12) in a
bovine preprolactin molecule . )

I f instead of labeled Met we added 12 ' I - labeled SRP and
analyzed the polysome prof i le on sucrose gradients after 20
min of translation, an association of SRP with polysomes
synthesizing preprolactin was observed (Fig. 3, lower panels) .
In this case, the amount of "' I - labeled SRP at the top of the
gradient was considerably reduced (relative to that present
when no mRNA was translated) and labeled SRP appeared in
the posit ion of polysomes (see Table II) . In contrast, l ittle or
no labeled SRP cosedimented with globin-synthesizing poly-

FIGURE 2

 

Sucrose gradient centri fugation of ' 25 1- labeled SRP . Col -
umn-puri f ied SRP was labeled with Bolton-Hunter reagent as de-
scribed in Materials and Methods . Labeled SRP (50,000 cpm) was
mixed with 2,500 eq of column-puri f ied, unlabeled SRP in 500 pl of
Buffer C . The sample was layered on top of a 5-20% sucrose gradient
(13 ml ) in Buffer C and was centri fuged for 20 h at 4°C at 40,000
rpm in the Beckman SW 40 rotor (Beckman Instruments, Inc . ) .
Fi fteen fractions were col lected using an ISCO (Instrument Special -
ties Co . ) gradient fractionator . Each fraction was TCA precipitated
and the proteins were visual ized by Coomassie blue staining after
PAGE in SDS (panel A) . Autoradiography using an intensi fying
screen was used to visual ize the radioactively labeled polypeptide
chains (panel B) .
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Speci f ic binding of SRP to in vitro assembled polysomes.
Prolactin or globin mRNA were translated in the wheat germ system
in the presence of [ a5S]Met and SRP (5U /100 j i l ) . After 20 min, the
translations were arrested by cool ing on ice . A 100- ft l portion of

translation mix was then layered on top of a 10-30% sucrose gradient
(13 ml in 50 mM TEA, 100 mM KOAc, 5 mM Mg (OAc)2 and

centri fuged at 4*C at 39,000 rpm for 120 min in the Beckman SW 40

rotor (Beckman Instruments, Inc . ) . Fi fty-two fractions were col lected
using an ISCO gradient fractionator, and the UV absorbance was

recorded with a continuous f low cel l (upper panels) . 100 Al of each
fraction was spotted onto Whatman 3MM f i lter disks (Whatman,
Inc . ) and TCA-precipitated for 30 min in 10% TCA at 0°C . The f i lters

were then boi led for 10 min in 5% TCA, dried using subsequent

washes with ethanol , ethanol -ether (1 :1) and ether, and their radio-
activity was determined by scinti l lation counting in Liqui f luor (New

England Nuclear, Boston, Mass . ) (middle panels) . The samples

loaded on the sucrose gradient had the fol lowing hot acid- insoluble
radioactivity in 5 td : 17,800 cpm (no mRNA added) , 143,000 cpm
(globin mRNA) , 103,000 cpm (prolactin mRNA) .

In a separate experiment, prolactin and globin mRNA were trans-
lated in the wheat germ system (100 pl ) in the presence of '2sl -

labeled SRP (5 U, 40,000 cpm) . After 20 min, the translations were

arrested by cool ing the mixture on ice and fractionated on sucrose
gradients as described above. The distribution of radioactivity was
then determined by gamma counting of the col lected fractions

( lower panels) . Note that the scale is expanded by a factor of 10,
starting with fraction number 7 . Sedimentation is from left to right.
The posit ion of the 80S monosome peak is marked with an arrow .

somes (Fig. 3, lower panels; Table II) , even though these
polysomes were present in approximately fourfold higher
amounts than preprolactin-synthesizing polysomes (Table I) .
It should also be noted that 125 1- labeled SRP was found in the
posit ion of the monosomes whether or not mRNA was being
translated .

Having establ ished that SRP does speci f ical ly bind to poly-
somes synthesizing a secretory protein, i .e. preprolactin, and
not to globin-synthesizing polysomes, we designed experiments
to local ize the information for this speci f ic interaction of SRP
with polysomes (whether it is expressed via the nascent chain
or other components [e .g . mRNA]) . We took advantage of a
recent demonstration (13) that incorporation of the Leu ana-
logue, a-hydroxy leucine, into the nascent chain of preprolactin
completely abol ishes in vitro translocation of this molecule .
When we translated prolactin mRNA in the presence of R-
hydroxy leucine and in the absence of any exogenously added
Leu, we observed a signi f icant decrease in the concentration-
dependent inhibit ion of SRP on preprolactin synthesis (Fig. 4) .
If , in addit ion to , (3-hydroxy leucine, L-Leu was added, l -
hydroxy leucine was eff iciently competed out (13) , and SRP-
dependent inhibit ion (Fig . 4) was ful ly restored . From the
polysome prof i le of Q-hydroxy leucine- incorporating poly-
somes (Fig . 5, middle panels) , it was apparent that polysome
formation was only inhibited by 35% (Table 1) , whereas the
binding of 125 1- labeled SRP to these polysomes (Fig . 5, lower
panels) was decreased by 70% (Table II) . The binding of SRP
to polysomes synthesizing preprolactin could be restored i f 8-
hydroxy leucine was competed out with Leu (Fig . 5, lower
panels, Table II) .

We have previously demonstrated that the translocation
activity of microsomal membranes is sensit ive to the sul fhydryl
modi fying reagent N-ethyl maleimide (NEM) and that the
NEM-sensit ive site of the translocation machinery is located
on SRP (1, 14) . The question arose whether NEM modi f ication
of SRP would inhibit its binding to preprolactin-synthesizing
polysomes or whether it would perhaps affects the translocation
process at a later step . From the data in Fig . 6, it is apparent

TABLE I

Quantitation of Newly Synthesized or Nascent Polypeptide in
Sucrose Gradients

Newly synthesized or nascent polypeptide*

Prepro- Prepro- Preprolac

Fraction G lobin lactin lactin tin

(OH- (OH-Leu
Leu)

 

+ Leu)

180 13 8.8 12

9 .8 5 .3 4.3 5 .4
52 14 9.3 13

Top
Monosomes
Polysomes

The cumulative radioactivity of the fol lowing gradient fractions (displayed
in Fig . 3 and Fig . 5) was determined and converted to absolute concentra-
t ions (see Methods and Results) : Top : fractions 1-18 ; Monosomes : fractions
19-26; Polysomes : fractions 27-50 .

* [moles x 10 ' ° /gradient]

TABLE II

Quantitation of SRP in Sucrose gradients

SRP [moles x 10 ' ° /gradient]

Prepro- Prepro- Prepro-

* The value for "-mRNA" was subtracted as background . The fractions are
def ined in Table I .

Fraction Globin lactin lactin

(OH-
Leu)

lactin

(OH-Leu
+ Leu)

-mRNA

Top 8 .1 5 .1 7 .7 5 .3 7.4

Monosomes 1 .2 1 .1 1 .1 1 .2 1 .0

Polysomes 0.23* 2 .4* 0 .8* 2 .6* 0.4
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FIGURE 4

 

Translation- inhibitory effect of SRP is partial ly abol ished
after incorporation of beta-hydroxy leucine, a leu analogue . Bovine
pituitary RNA was translated in the wheat germ system (25 PI) either
in the absence or in the presence of various amounts of gradient-

puri f ied SRP . In addit ion, the translation systems contained either
2 MM L-Leu (O, or 10 mM beta- hydroxy-DL- leucine (") , or 2 mM L-

Leu plus 10 mM beta-hydroxy-DL- leucine ( ") . Radioactivity was
determined in the preprolactin band . The cpm values in the absence
of SRP were 433,175 cpm (Leu) , 347,880 cpm (OH-Leu) , 404,380 cpm
(OH-Leu plus Leu) . These cpm values were normal ized to be 100 .

In agreement with the report of Hortin and Boime (13) , we found
that the mobi l ity of preprolactin in SDS-polyacrylamide gels was

sl ightly decreased upon incorporation of beta-hydroxy leucine (data

not shown) .
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FIGURE 5

 

Beta-hydroxy leucine incorporation into nascent chains
inhibits SRP binding to polysomes. Prolactin mRNA was translated
and the mixture was analyzed as described in Fig . 3, except that the
translation systems contained 10 mM beta-hydroxy-DL- leucine ( left
panels) , or 10 mM beta-hydroxy-DL- leucine plus 2 MM L-Leu (right
panels) . Upper panels : UV absorption prof i le ; middle panels : 85S

radioactivity insoluble in hot TCA ; lower panels : radioactivity in "l -

labeled SRP . Sedimentation is from left to right . The posit ion of the
SOS monosome peak is marked with an arrow .
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NEM-alkylation of SRP inhibits its binding to polysomes
and monosomes . Prolactin mRNA was translated and the translation
system analyzed as described in Fig . 3, except that ' 25 1- labeled SRP
was alkylated with NEM as described in Fig . 7 . Upper panel : UV
absorption prof i le; middle panel : 35S radioactivity insoluble in hot
TCA ; lower panel : radioactivity in NEM-treated ' 25 1- labeled SRP .
Sedimentation is from left to right . The posit ion of the 80S mono-
some peak is marked with an arrow .
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SRP

Translation- inhibitory effect of SRP is abol ished after
NEM-alkylation of SRP. Bovine pituitary RNA was translated in the
wheat germ system (25 PI) either in the absence or in the presence
of gradient-puri f ied SRP that was treated with NEM (") before
assay. For NEM treatment, DTT was removed by passing SRP solu-
t ions through a Sephadex G-25 superf ine column in Buffer C [with-
out DTT] . The SRP solution was then made 2 mM in NEM and
incubated for 30 min at 25°C . DTT was added to 5 mM to terminate
the alkylation reaction . A control sample of SRP (O) was incubated
after DTT removal for 30 min at 25 ° C . DTT was added to 5 mM
fol lowed by NEM addit ion to 2 mM . The cpm values in the absence
of SRP were 273,800 cpm (NEM-SRP) and 268,900 cpm (control SRP)
and were normal ized to be 100.
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that NEM-modi f ied SRP did not bind to preprolactin-synthe-
sizing polysomes and, moreover, that even SRP 's interaction
with monosomes was completely abol ished . I f NEM-treated
SRP does not interact with polysomes, it would also not be
expected to exert the inhibitory effect on preprolactin synthesis .
These expectations were borne out by the data in Fig . 7 . NEM-
modi f ied SRP did not inhibit preprolactin synthesis even at the
highest concentration assayed . The translation- inhibitory effect
result ing from the binding of SRP wi l l be analyzed in detai l in
the third paper of this series (15) .

From the absolute concentrations of nascent polysomes and
SRP as given in Tables I and II and an estimation of the
monosome concentration from the UV absorption prof i le (8
x 10-1° mol /gradient) , one can attempt to calculate maximum
dissociation constants for the interactions of SRP with mono-
somes and of SRP with ribosome synthesizing preprolactin .
The fol lowing values were obtained : (a) KD < 5 x 10-5 (SRP-
monosome) and (b) KD < 8 x 10-9 (SRP-r ibosome synthesizing
preprolactin) . Thus, due to the expression of the preprolactin
nascent chain, the interaction of SRP with the ribosome is
apparently at least 6,000- fold tighter than the SRP-monosome
interaction . It should be noted, however, (based on our "slow"
method of analysis and on the potential perturbations intro-
duced by label ing SRP molecules) that the values obtained
represent minimal estimates of apparent binding aff inity.

DISCUSSION

We have demonstrated here a speci f ic interaction between a
puri f ied I 1 S protein (1) , termed "signal recognit ion protein
(SRP) , and secretory protein-synthesizing polysomes . This
highly speci f ic interaction was detected by two independent
assays : (a) SRP speci f ical ly inhibited the translation ( in the
wheat germ cel l - free system) of bovine preprolactin (secretory
protein) mRNA, in a concentration-dependent manner, but
had no effect on the translation of rabbit globin (cytoplasmic
protein) mRNA; (b) [ 125 I] - labeled SRP bound selectively and
with high aff inity (apparent kD < 8 x 10 -9 M) to in vitro
assembled polysomes synthesizing preprolactin and not to
those synthesizing alpha and beta globin . The translation-
inhibitory effect of SRP correlated with its selective polysome
binding capacity . I f the latter was impaired, the translation-
inhibitory effect was also abol ished .

Impairment of SRP 's polysome binding capacity and, in
paral lel , impairment of its translation- inhibitory effect was
observed after modi f ication of SRP by NEM . The relatively
low-aff inity binding of SRP (apparent kD < 5 x 10-5 M) to
monosomes (not engaged with mRNA in protein synthesis)
was also completely abol ished after NEM modi f ication of SRP,
strongly suggesting that this low-aff inity binding to ribosomes
is also a speci f ic interaction and not nonspeci f ic adsorption.

Impairment of high aff inity binding and abol it ion of the
translation- inhibitory effect of SRP was also observed after
modi f ication of the preprolactin nascent chain. Incorporation
of f l -hydroxy leucine, an analogue of leucine, into nascent
preprolactin chains of polysomes considerably reduced SRP 's
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high-aff inity binding to these polysomes and, in paral lel , re-
duced its translation- inhibitory effect. The effect of ,8-hydroxy
leucine could be abol ished when incorporation took place in
the presence of /3-hydroxy leucine and L- leucine, arguing
against the possibi l ity that the observed effect of f l -hydroxy
leucine was the result of free f l -hydroxy leucine rather than of
incorporated Q-hydro :y leucine residues . These data strongly
suggested that it is the nascent polypeptide chain - and not
mRNA - which is mediating the high-aff inity binding of SRP
to polysomes . Taken together with the recent demonstration of
Hortin and Boime (13) that replacement of Leu by i8-hydroxy
leucine abol ishes in vitro translocation of secretory proteins
that contain leucine-r ich signal sequences (the signal peptide
of bovine preprolactin contains eight Leu residues [11]) but not
those that contain leucine-poor signal sequences, our data here
suggest that it is the signal sequence of the nascent chain that
mediates SRP 's high aff inity binding . Conclusive evidence for
this conjecture wi l l be presented in the third paper of this series
(15) .
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