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sItmARY : Tnyroglobulin has been synthesized, inserted into rwnbranes and 
glycosylated in a completely heterologous, 
a protein synthesizing extract, 

reconstituted system consisting of 

calf thyroid RNA. 
stripped dog pancreas microsomal membranes and 

There is now considerable evidence to support the hypothesis that secreted 

rlycoproteins are synthesized on polyscmes which becom &rane-bound following 

synthesis of an N-termina 1 hydrophobic signal sequence. (l-5) 'Ihis signal "pre" 

sequence has been found cm mre than 20 nascent proteins destined for secretion, 

ovalbmnin being the only known exception. (6) The signal sequence penetrates 

the membrane vesicle and is thought to be cleaved by a specific peptidase 

located in the mm?xane, (7,s) The reminder of the peptide encoded by the 

RNA follows into the vesicle where post translational modification continues, 

e.g., glycosylation. (9-12) 

Ihyroglobulin, a glycoprotein which serves as a prohomne for thyroxine 

and triiodothyronine, Ls well suited to studies of this hypothesis. Ihyroglobulin 

comprises 60% of the protein in the thyroid, is synthesized on drane-bound 

polysomes (13) and is glycosylated within the rough and smoth endoplasmic 

reticula. (14) According to the sip1 hypothesis, the nascent thyroglobulin 

peptide should be synthesized in a "prepro" form. However, discrimination 

between 'prepro' and 'pro' thyroid homne is almst impossible because the 

basic subunit has a mlecular weight of at least 300,000. (15) Small differences 

in molecular weight in this size range cannot be determined accurately. 

However, sn alternative approach is to demnstrate nascent thyroglobulin 

transfer and subsequent glycosylation across microsmal msmbranes in a completely 
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heterologous system, Glycosylation is essential for release of thyroglobulin 

into the follicular lumen so that adequate production of thyroid hormone depends 

on this process. 

Materials andMethods 

All glassware was sterilized by autoclaving and all buffers were 
treated with 0.1% diethylpyrocarbonate and boiled before use. 
chemicals for cell-free systfms. 

Sigma supplied 
SchwarzlMann supplied RN&se-free sucrose. 

Wellccme supplied donkey anti-rabbit precipitating serum, 
were used in the following quantities for each 50 ~1 assay: 

Radioisotopes 

D(l-3H) mannose, specific activity 2.7 Ci/r&Iol (krsham) 1.0 uCi per assay. 
L-leucine (3,4,5-3HN), specific activity 80 Ci/rr&l (New England Nuclear) 
0.5 PCi per wheat gem assay, 1. 
&phosphate mnnose, (mmnose-l- %-I 

UCi per reticulocyte lysate assay. Guanosine 
(N)) 

f~+&& Nuclea~).0.625m~Ci/assay. 
- specific activity 12.6 Ci/nKol (New 

Guanosine diphosphate mnnose, (mnnose- 
speclflc actlmty 192 uCi/sMol (New England Nuclear) 0.25 uCi/assay. 

RNA Preparaticm 

(18) 
Calf thyroid RNA was prepared from Triton-treated membrane-bound polysos-es. 
The supernatant after 27,000 x g centrifugation for 5 minutes was made 

6 M with respect to guanidine hydrochloride and the pH was adjusted to 5.5 
with acetic acid. A half volume of ethanol was added and the mixture was 
allowed to stand for 2 hours at -2oOC. Following centrifugation at 4,000 x g 
for 20 minutes, the RNA pellet was dissolved in 6 M guanidine hydrochloride, 
20 TIM sodium acetate pH 5.5. 
fugation after 30 minutes. 

Ethanol precipitation was repeated with centri- 
This extraction was repeated 3 tinm. The RNA 

was washed with ethanol:water, 2:l and with 95% ethanol, dried and dissolved 
in distilled water. RNAwas heated to 60°C for 3 minutes and rapidly cooled 
ismdiately prior to use in translatim systems. 
Preparation of Dog Pancreas Microsoml Merkranes 

Stripped dog pancreatic raembrsnes were prepared by the method of Katz et 
al (19) (preparation 1) and the method of Shields and Blobel (4) (preparatior2). 
& A26h:A28~ ratios were l-75. tie menkanes were treated with micro- 
coccal nuclease as ret remanded by Shields and Blobel (4) and adjusted to 
50 A260 per ml in 0,25 M sucrose. 
Cell-Free System 

Rabbit reticulocyte lysate was prepared by the mthod of Crystal et a1.(20) 
Each 50 ~1 incubation contained 40 ~1 of lysate containing the incubati~mixture 
described by Pelham and Jackson (21) 5 ~1 of stripped dog pancreatic membranes 
and 5 ~1 of thyroid RNA (3 mg/ml). The lysate was not treated with rr;icrococcal 
nuclease, The wheat germ lysate was prepared as described (22) with the 
following modification. The gel filtration buffer contained 3 ~Mmagnesium 
acetate because the higher mgnesim concentration used was found to exceed 
that optimal for synthesis. A 50 ~1 incubation mixture contained 25 ~1 of 
wheat gem extract, 15 ~1 of incubation cocktail(22) and 800 UM spermidine 
5 ~1 stripped dog pancreatic membranes and 5 1-11 of thyroid RNA (3 m&al.). 
Incubation was for 90 minutes at 3oOC. 
Indirect Immmoprecipitation of Thyroglobulin 

2.5 Ul of rabbit antisenm to thyroglobulin was added to the sarrple which 
was rsade 1% in '!kiton X-100,in sodium deoxycholate (WC), and 0.1% in sodium 
dodecyl sulphate. 'ihe sample volume did not exceed 0.5 ml. The mixture was 
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incubated at 2oOC for 2 hours. 25 ~1 of donkey anti-rabbit serm was added 
and incubation repeated. The mixture was layered over 0.5 ml of 1 M sucrose 
in 1% Triton X-100, 1% WC in phosphate buffered saline (PBS, 10 nM phosphate 
buffer, 100 dl NaCl) in a 1 ml Fisher microfuge tube and centrifuged for 5 minutes 
at 7,000 x g. The pellet was washed 3 times with 1 ml of 1% T-riton, 1% Dot 
in PBS and extracted with CHC13:CH30H:H20, 1:1:0.3 to rmve glycolipids. 

Liquid Scintillation Counting 
Radioactive samples were solubilized in NCS (Amersham) and counted in an 

omifluor-toluene scintillation coctail in a Searle Mark III liquid scintillation 
counter with a dpn~ accessory. Double-labelled samples were corn-ted for 100 minutes 
and all background radioactivities have been subtracted. 

RlzsJLTs : Glycosylated peptides were measured by the incorporation of radio- 

labelled mannose into TCA precipitable material by protein synthesizing system 

programed with thyroid RNA and supplerrented with stripped dog pancreatic membranes. 

Protein synthesis was concomitantly rnmitored by radiolabelled leucine incorporation. 

Table I shows the amunt ofpqleucine andb] mannose incorporated into 

'KA precipitable material by the wheat gem system programed with total thyroid 

RNA in the presence and absence of dog membranes. Ihe ratio ofpl$F4d activity 

more than doubled when naembranes were included in the incubation suggesting that 

thyroid RNA specifically stinnilated sugar uptake in the presence of rrmbranes. 

Immmoprecipitation using thyroglobulin antibody of the products of 

wheat gem translation labelled with b]GDP -mmnose in the presence and absence 

of dog m&ranes is shown in Table II. There was considerably greater activity 

in the imnunoprecipitate derived from incubation in the presence of mmbranes, 

tieat germ lysate and RNA than in either of the control incubations. 

The percentage of immmoprecipitable msnnose-labelled material was very 

low in the wheat germ system, The known stimlation of endogenous wheat germ- 

translation by the addition of exogenous RNA may explain the 1~ values. Considerable 

incorporation of H mannose also occurred when wheat germwas incubated alone [3 1 

a& my indicate contamination with men&rmnes. Furthersure, glycosylation of 

dog pancreatic proteins may be occurring within the vesicles even after dissociation 

of rib~son~s as has been shown to occur for thyroid microsoms.(23) Since a 

thyroglobulin specific antibody was used, these possibilities do not invalidate 

the results in the wheat germ system. Nevertheless, it was decided to use reticulo- 
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+ + + 850 18,479 21.7 

+ + 157 1,587 10.1 

control values of incorporation of wheat germ 
withmenbranes andtieatgemalonebavebeen 
subtracted. 

TABLE II 

%GDPMt'QWSE INCXXPORATIONIN'IO TlBREIDBULIN IMmoPRECIP1lXIE-S 
SYNEESI7EO~?HEWHEATGEI(MSYSTEM 

meatGerm 'IhyroidRNA D3gMerkmne.s m 

+ + + 1,346 

+ -I- 939 

+ 777 

cyte lysate for tither experimnts. This system has the advantage that globin, 

the major endogemus product of lysate protein synthesis, is not glycosylated. 

To show entry of tiyroglobulin into vesicles, at the end of incubation 

the reactim mixture was further incubated at 37OC with ribonuclease (10 ~g/ml 

for 5 min), trypsin (25 pg/ml for 15 min) and trypsin inhibitor (50 ug/ml for 

15 min), respectively. 'Ihe vesicles were lysed by detergents and their contents 

indirectly inmmoprecipitated with thymglohnlin antibody. 'Ihe results are shown 

in Table III. There was a consistently higher proportion resistant to trypsin in 

the presence of dog membranes. 

T.k.equ?vocal evidence of vesicle insertion and, in addition, evidence of 

glycosylation of thyroglobulin was obtained by incubation in the presence of both 
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+ f 220,724 175,419 79.5 3,753 

+ 193,580 143,208 74.0 1,975 

TABLEIV 

DISTRIB~~ OF GDP-MANNOSE ANDp4&EKINE INIO Z-MUXXOBULIN 

FNA ImmANEs ll"NuiwPRECIFITABLEwIM TWRXLRBULINANTIBODY 

+ + 56 1,834 224 1,573 

+ 145 76 I26 204 

-I- O 7,004 47 4,293 

131 853 78 380 

PH] GDP-mnnose and cc g leucine. Vesicles were pelleted after treatment with 0.5 IIN 

puros@n, solubilized with detergents and irmmoprecipitated. 'Ihe results are 

shown in Table IV. There was incorporation of ~GDP-msnnose into a ~4Cjleucine 

labelled thyroglobulin inmunoprecipitate when dog mmbranes were included in the 

incl~ation but not in their absence. The thyroglobulin immmoprecipitate derived 

frcxn both lysate supernatants after incubation with thyroid RNA with and without 

merdoranes showed considerable EQactivity but no !?a incorporation. 

A second experiment was performed using stripped dog rserkane preparation 2 

which was less inhibitory to protein synthesis than preparation 1. F4dGDP-marmose 
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was used to eliminate any question of spillover from the radiolabelled protein 

activity and to reduce background controls. After synthesis membranes were added to 

those samples incubated in their absence as a control for nonspecific contamination 

of raznbranes . 5 ml of PBS containing 200 ti sucrose, 10 I-& Ella was added to wash 

the vesicles which were pelleted by centrifugation for 1 hour at 175,000 x g at 

5oc. Ihe results are shown in Table V. 

%en dog membranes were included in the incubation there was a marked 

increase in the anrxmt ofpg GDP-mannose incorporated into the total TGA precipi- 

table activity. The lysate itself either with or without thyroid RNA showed 

sm incorporation ofek) sugar label which was not pelleted by centrifugation. 

These glycosylated supernatant proteins however were not precipitable with 

thyroglobulin antibody, 

The proportion of the total[;'Cj sugar label in the pellets was very 

much higher when membranes were included indicating that glycosylation was 

occurring in these vesicles. The proportion of [%]label in the pellets was low 

which implies that globin, which constitutes the bulk of the TGA precipitable 

material, remained in the supernatant. Since we have fomd that up to 50% of 

nascent thyroglobulin remains associated with the ribosomal pellet we were not 

surprised that the TCA and imnunoprecipitation data showed only a small increase 

in Mactivity in the pellets when Cranes were included. However, the 

incorporation of Cd l4 label was three times higher in the thyroglobulin immmo- 

precipitate derived from the pellet after incubation of lysate, lllembranes and 

thyroid P&4 than in any of the three controlsI 

CONCLTJSIONS; Thyroid polysomal RNA can direct the synthesis of glycosylated 

thyroglobulin in a reconstituted heterologous system of reticulocyte lysate 

or wheat germ supplemented with stripped dog pancreas membranes. Glycosylation of 

thyroglobulin occurs only within these vesicles. These results irQly that thyro- 

globulin Mona contains the information for synthesis, &rane attaclxxent, nrmibrane 

insertion and glycosylation. Ihis heterologous cell-free system allows an 

examination of glycosylation of thyroglobulin free from artifactual problems present 
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when microsor& systems prepared frm the thyroid itself are used. (23) Furthermre 

nascent thyroglobulin is not only glycosylated but also iodinated and exported 

from the cell thus providing an excellent mdel system for the requiremmts of 

post translational processing. 
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