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LATS (Long-Acting Thyroid Stimulator) 
shares with TSH several metabolic effects on 
the thyroid gland (1-6). I t  is believed that 
the two hormones exert their effects by bind- 
ing to the thyroid cell membrane ( 7 )  which 
results in an increase in the conversion of 
ATP to CAMP (8 ) .  The two hormones differ 
in their molecular weight (9, lo ) ,  their origin, 
biological half lives (1 l ) ,  and possibly other 
properties. 

The present report lends additional 
evidence for a possible difference in the 
action of TSH and LATS on isolated thyroid 
cells. Under the conditions of these experi- 
ments the incorporation of 3H-leucine and 
3H-uridine into protein and nucleic acid, re- 
spectively, by thyroid cells was stimulated 
slightly or not a t  all by TSH. LATS, on the 
other hand, stimulated the incorporation of 
the protein and nucleic acid precursors by 
about 2-fold. The data also show that the 
stimulation of protein synthesis is partially 
dependent upon new RNA synthesis. 

Materials and Methods. Chemicals. TSH 
was purchased under the trade name Thyro- 
tropar from Armour and Co., Kankakee, 
Illinois. Leucine-4, 5-3H (54 Ci/mmole) and 
uridine 6-3H (10 Ci/mmole) were purchased 
from New England Nuclear Co., Boston, 
Mass. Actinomycin D was purchased from 
Schwarz/Mann, Orangeburg, New York. 
Puromycin and human gamma-globulin were 
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purchased from Nutritional Biochemical CO., 
Cleveland, Ohio. Minimum Essential Media 
(MEM) ,  and calf serum were obtained from 
North American Biologicals, Rockville, Md. 
The calf serum was dialyzed for 3 days 
against NKM solution (130 mM NaCl, 5 mM 
KCL and 8 mM MgC12) before being used. 

Preparation of LATS-IgG. LATS-IgG was 
isolated according to the method of Sober 
and Paterson ( 1 2 ) .  An equal volume of 
saturated ammonium sulfate was added to 
the serum of blood from patients with Graves’ 
disease and the mixture was stirred for 30 
min in the cold. The pre&pitate was 
separated by centrifugation at  500 rpm in a 
Sorval RC-2 refrigerated centrifuge. The 
precipitate was suspended in 0.01 M phos- 
phate buffer, pH 7.8, containing normal (0.15 
M )  saline (PBS) and then the ammonium 
sulfate precipitation and centrifugation were 
repeated. The precipitate was again suspended 
in PBS and dialyzed overnight against 0.01 
M phosphate buffer at pH 7.8 a t  4’. The 
dialysate was applied onto a 2.5 X 45 cm 
preconditioned DEAE-cellectacel column. 
The LATS-IgG fraction was eluted with 0.01 
M phosphate buffer, pH 7.8. The eluate was 
concentrated by Amicon filtration. The purity 
of the IgG fraction was established by im- 
munoelectrophoresis of the protein. The 
biological activity of the LATS-IgG was 
determined by the McKenzie method (13). 

Isolation of thyroid cells. Bovine or porcine 
thyroid glands obtained from Armour and 
Co., Memphis, Tennessee, were placed on ice 
shortly after the animals were slaughtered. 
Within one hour, the glands were freed of fat 
and connective tissue, placed in Puck’s saline 
solution, and minced. The minced tissue was 
washed in cold Puck’s saline solution several 
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times. Aliquots were placed into sterile flasks 
which contained, per gram of tissue: Puck's 
saline, 50 ml; collagenase, 15 mg; penicillin- 
G, 500 units; streptomycin 500 pg; and 
trypsin, 10 mg/ml. The mixture was in- 
cubated at  37" with constant stirring for two 
hours. The supernatant containing separated 
cells was passed through a Renwal filter and 
was then centrifuged at 5OOg for 10 min. 
The pellets were washed several times with 
Puck's saline to remove fat and red blood 
cells. The clean cells were suspended in 1 ml 
of MEM without glutamine or serum. 

Incubation conditions for the  uptake of 3H-  
leucine and 3H-uridine by  isolated thyroid 
cells. In  all experiments, Eagle's Minimum 
Essential Medium without glutamine was used 
with the following additions: glutamine ( 2  
mV final concentration) ; calf serum (10%) ; 
and antibiotics (streptomycin and peniclillin) 
0.1%. In all experiments, an accurate mea- 
surement of the packed-cell volume was used 
in the incubation flasks and this volume was 
the criterion for equivalent numbers of cells. 
In  the protein synthesis studies, 5 pCi of 
3H-leucine/ml of incubation mixture was 
added. For the RNA synthesis experiment, 
10 pCi of 3H-uridine were added per milli- 
liter of incubation mixture. The cells were 
allowed to equilibrate a t  35" in moisturized 
air containing 5% CO, for 5 min before 
the labeled precursors were added. Actinomy- 
cin D and puromycin were added a t  the con- 
centrations and times indicated in the figures. 
For the LATS-IgG studies, normal IgG was 
utilized as the control. The TSH controls con- 
tained all the ingredients of the reaction mix- 
ture, except for the stimulators and normal 
IgG. 

The incorporation of 3H-leucine was deter- 
mined by collecting the cells by centrifugation 
at  5OOg and treating them with 0.5 ml of 
1070 trichloroacetic acid (TCA) . The samples 
were heated at 90' for 15 mh.  Five milli- 
liters of 5% TCA was added and the pre- 
cipitate was collected. The precipitate was 
washed once with 5% TCA and once with 
70% ethanol. It was then dissolved in 0.6 
ml NCS reagent and 0.5 ml of the solution 
was diluted with 15 ml of scintillation fluid 
containing toluene and 4% Omnifluor ( 14). 
The counts were determined in a Nuclear 

Chicago Mark I Liquid Scintilllation 
Spectrometer, and the data reported as 
cpm/O.S ml of the NCS solution. 

The uptake of 3H-uridine was determined 
by isolating the total cellular RNA (15). 
Cells were sedimented after incubation for 
the desired time and were washed with acetate 
buffer at  pH 5.1. The washed cells were 
then suspended in the acetate buffer con- 
taining 0.3% dodecyl sulfate (SDS) and were 
homogenized in a tightly fitted homogenizer. 
When the cells were completely disrupted, 
an equal volume of saturated phenol con- 
taining 8-OH quinoline and cresol was added 
to the homogenate. The mixture was in- 
cubated at  65" for 15 min and then centri- 
fuged. The aqueous layer was removed and 
an equal volume of the saturated phenol was 
added. The mixture was centrifuged and the 
aqueous layer was removed. The RNA was 
precipitated from the combined saturated 
phenol washings by adding 2.5 volumes of 
ethanol containing 2% sodium acetate. The 
precipitated RNA was collected and the 
optical density and the radioactivity were 
determined. The results were calculated as 
cpm/OD. 

For the nuclear RNA studies, the nuclei 
were isolated by homogenizing the cells in 5% 
citric acid (16) until nuclei were free of 
any cytoplasmic material when observed 
under the microscope. The homogenate was 
centrifuged and the precipitate was suspended 
in 0.25 M sucrose containing 1.5 % citric acid. 
The mixture was underlayered with 0.88 M 
sucrose that contained 1.5% citric acid, and 
the nuclei were pelleted by centrifugation. 
The nuclear pellet was suspended in a 0.3% 
SDS solution and then homogenized. An 
equal volume of aqueous saturated phenol was 
added to the homogenate and the RNA was 
isolated as above. 

The ribosomal RNA isolation was achieved 
by washing the cells with 50 mM Tris buffer 
at  pH 7.4 containing 50 mM KC1 and 5 mM 
MgC12. The cells were homogenized in the 
same buffer and the homogenate was centri- 
fuged at  10,OOOg for 10 min. The supernatant 
was made 0.5% with respect to deoxycholate, 
rehomogenized, and then centrifuged at 
30,OOOg for 10 min (17). The supernatant 
was placed in polycarbonate tubes and under- 
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FIG. 1. Thyroid cells isolated from bovine thyroid glands by a oombination of trypsin and col- 
lagenase d iges~on as outlinled in “Methods.” Magnification is 4.ooX. 

layered with volume of 1 M sucrose solu- 
tion and centrifuged at  105,OOOg for 16 hr. 
The RNA was isolated from the pelleted poly- 
somes by the SDS and phenol method. 

Results. Isolation of thyroid cells. Figure 1 
demonstrates a group of cells representative 
of those obtained by the collagenase and 
trypsin continuous digestion. The cells were 
free of any connective tissue, and although 
they were frequently clumped or in sheets, 
no structural organization remained. The 
viability of the cells ranged 70-90% as deter- 
mined by the exclusion of the dye trypan 
blue. Under the conditions of isolation, the 
cell yield varied from 0.4 to 1 ml of packed 
cells/50 g tissue. The main problem en- 
countered in isolating the cells was the diffi- 

culty of separating fat and red blood cells. 
The yield in general was greater when pork 
thyroids were utilized, rather than bovine. 

Effect of T S H  and LATS-lgG on the up- 
take of $H-uridine b y  isolated thyroid cells. 
The isolated thyroid cells incorporated 3H- 
uridine slowly but progressively during the 
3-hr incubation in the presence of no added 
stimulator. The effect of adding IgG was 
variable, but in general was negligible. In  
the presence of LATS-IgG, which displayed 
biological activity as shown in Table I, there 
was a 2-fold stimulation of the labeled 
nucleotide incorporation into total cellular 
RNA over the incorporation by cells in- 
cubated with normal IgG (Fig. 2 represents 
the data of a sample experiment). Table I1 
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TAT3IJIC 1. C'oiii1);irisoii of Activity iii the 
McKeiizie Assay of LATR-('oiitaining Serum and 

LATS-TgG Derived froni the Serum. 

Yo I I~CI'C;ISCL in  ln11 coiiteiik 
of blood" 

Iiitcrval a f te r  injection 
S t iiii iiki 11 t 3 lir i lir 24 hr 

P:it.ient.: M. P. 
Serum, 0.5 nil 

(Prep. 1) 
IJATS-TgG, 3 nlg 

Pat ien t :  M. P. 
Serum, 0.5 nil 

(Prep. 2 )  
IJATS-IgG, 3 liig 

Pat ien t :  M. P. 
Seruni, 0.5 nil 
IJATS-lgG, 3 liig 

(Prep. 3)  

P:i.tieiit : C. H. 
Serum, 0.5 nil 
TIATS-IgG, 3 111g 
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" Five mice were iiijectccl with each stiniu1:int. 
Tlie calculadion was niatle froni the aver:ige 
cpni of the 5 mice, and w:is coniparcd to the 
coillit a t  zero time. 

leucine incorporation into protein of isolated 
thyroid cells. Figure 3 illustrates the influence 
of both TSH and LATS-IgG on the incor- 
poration of labeled leucine into hot trichloro- 
acetic acid (TCA) insoluble material from 
thyroid cells. The net effect of TSH, under 
these experimental conditions, was negligible, 
although in individual experiments, there 

reports percent increase in the incorporation 
of labeled neucleotide into the cellular RNA 
in the presence of LATS-IgG over that 
occurring in the presence of normal IgG. 
The results are taken from duplicates in each 
run. The data also indicate that TSH exerted 
no stimulatory effect on the uptake of the 
labeled nucleotide by the isolated thyroid 
cells. 

Effect of LATS-lgG and T S H  o n  *'H- 

0 I 5  3 
HOURS OF INCUBATION 

FIG. 2 .  Effeot od LATS-IgG, TSH and normal 
IgG on 3H-uridine incorporation into RNA of 
isolated thyroid cells. The cells were incubated 
in Eagle's MEM containing antibiotics (1%);  calf 
serum (10%); L-glutamine ( 2  m M )  and 3H-uridine 
at  a Iconcentnation of 1 nmole/ml) (10 pCi/ml). 
The mixture was 'incubated at  35" for &time indi- 
cated. (A) LATS-IgG ( 3  mg/ml); ( B )  normal IgG 
( 3  mg/ml);  (C)  TSIH ( 2 0 0  mU/ml);  (D) TSH- 
control, to which nothing was added. 

TABTIE I T .  1ncre:i.sn of nH-Uriiline Incorporation into RNA of Isolated Thyroid Cells in the 
Presence of LATS-IgG or TSH. 

yo Increase over coiitrol 

Incubation time iii hours 
T,ATS-IgG (3  mg/inl of media) T S H  (2010 mU/ml media) 

Experiment 1.5 3 1.5 3 

1 114.2 2 2.66 133.1 2 0.17 -2.8 2 2.316 --1.6 1.84 
2 106.6 & 1.73 137.4 f 2.G6 3.5 & 1.28 3.9 f 1.32 
3 107 f 0.98 127.9 & 2.83 3.3 2 1.15 2.5 2 0.52 
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FIG. 3 .  Effeot of LATS-IgG, TSH and nonmal 
IgG on the incorporation of 3H-leucine by iso- 
h t ed  thyroid cells. Incubation was carried out at  
35" in modified Eagle's MEM containing anti- 
biotics ( 1 % ) ;  calf serum (10%) ; L-glutamine (2  
mM) and 0.1 nmolle of "H-leucine ( 5  ,uCi/ml). 
(A) LATS-IgG ( 3  mg/ml); (B)  normal IgG (3 
mg/ml) ; (C)  TSH (200 mU/ml) ; (D) control 
for TSH, to which nothing m 4 s  added. 

occasionally was slight stimulation or slight 
inhibition (Table 111). LATS-IgG, alone, as 
in the case of uridine incorporation, consis- 
tently exerted up to one- to two-fold stimu- 
lation of leucine incorporation when com- 
pared to normal IgG. 

In  these experiments, LATS-IgG was added 
on the basis of protein concentration per assay 
tube rather than LATS activity. The maxi- 
mal stimullation by LATS-IgG was obtained 

at  a protein concentration of 3 mg/ml of 
incubation mixture. An increase in the pro- 
tein concentration caused an inhibitory effect 
which can be seen in Fig. 4, while a t  lower 
protein concentration LATS was less effective. 
Thus, 3 mg of protein/ml was used in all 
experiments. Also, a t  the protein concentra- 
tion of 3 mg/ml, the LATS-IgG reached 
nearly its maximal effect after three hours of 
incubation, and this was taken as the time 
to terminate the incubation in all experiments 
unless stated otherwise. 

Effect of puromycin and actinomycin D 
(AMD)  on LA TS-ZgG activity. Puromycin 
at  a concentration of 20 pg/ml, when added 
at  mid-incubation, inhibited any further in- 
corporation of 3H-leucine by cells in the 
presence of either LATS-IgG or normal IgG 
(Fig. 5 ) .  A statistical analysis of the data 
is presented in Table IV. Puromycin inhibited 
all leucine incorporation, its expected, when 
added at  the beginning of the incubation. At 
lower concentrations ( 5  pg/ml), the in- 
hibition was minimal. 

At a concentration of 5 pg/ml, AMD dis- 
played no significant inhibition of the in- 
corporation of labeled uridine into cellular 
RNA. An inhibition of about 40%, how- 
ever, was observed with a concentration of 
10 pg/ml. At a higher concentration, 20 
pg/ml, the antibiotic inhibited 70% of the 
labeled nucleotide incorporation. The in- 
hibitory effect was displayed whether the anti- 
biotic was added a t  the outset of the incuba- 
tion or midway in the incubation, i.e., 1% 
hr after LATS-IgG has been added to the 
incubation mixture. IgG from the serum of 
patient with high titers of LATS in McKenzie 

TABLE 111. 3H-Leucine Uptake by Isolaked Thyroid Cells in the Preseiice of LATS-IgG, 
Normal IgG or TSH. 

Yo Increase over control 

Time of incubation in  hours 
LATS-IgG ( 3  mg/ml of media) T S H  (2100 mU/ml media) 

Experiment 1.5 3 1.5 3 

1 41.7 & 0.63 62.6 -+ 0.15 -4.9 3.18 -6.2 & 3.89 
2 42.9 & 0.4 63.1 2 0.40 6.2 & 2.36 8.1 -+ 3.62 

6.2 -+ 2.36 3 42.0 2 0.18 62.2 2 0.63 
4 41.8 -+ 0.15 61.5 2 0.40 -1.3 2 1.40 -1.6 & 1.84 

6.1 2 2.30 



8 74 

8000 

7000 

6000 

i 
2 

2 !jooo 
\ 

z 
4000 

3 W 
-J 

I 
I? 3000 

2000 

1000 

STUDIES ON THE ACTION O F  THYROID STIMULATORS 

0 15 3 
HOURS OF INCUBATION 

FIG. 4. Study of the relationship of LATS-IgG 
and normal IgG concentration to their effect on 
'H-leucine incorporation by thyroid cells. The in- 
cubation conditions as outlined for Fig. 3 .  (A) 
LATS-IgG ( 3  rng/ml); ( B )  normal IgG ( 3  mg/ 
ma) ; (C)  LATS-IgG (1.5 mg/ml) ; (D) normal 
IgG (1.5 mg/ml) ; (E)  LATS-IgG (4.5 mg/ml) ; 
(F) normal IgG (4.5 mg/ml). 

units consistently gave a reproducible, pro- 
portional stimulation, although the absolute 
number of counts varied from experiment to 
experiment, whether the source of LATS- 
IgG was the same or different. The variation 

in the counts, within experimental error, was 
attributed to the number of viable cells in 
the assay mixture. In contrast to LATS, 
TSH displayed no significant stimulatory 
effect on the incorporation of the nucleotide 
into total cellular RNA. 

Since TSH did not stimulate the incorpora- 
tion of the labeled nucleotide into cellular 
RNA, the effect of exogenous cyclic AMP on 
the incorporation in both the presence and the 
absence of thyrotropin was studied. The 
isolated thyroid cells were incubated in the 
tissue culture media with or without TSH, 
labeled nucleotide and 10 pg/ml of CAMP. 
The cyclic nucleotide was added either a t  
the outset of incubation of 1% hr after in- 
cubation started. The results of the experi- 
ment presented in Table V indicate that 
cAMP in the presence of TSH exerted a 
definite stimulatory effect (80%) on the in- 
corporation of labeled uridine into total cel- 
lular RNA. The stimulation appears to be a 
combined effect exerted by both the cAMP 
and the thyrotropin, since cAMP alone ex- 
erted only a small stimulation (20%). A 
similar stirnulatory effect by TSH on the up- 
take of the labeled leucine (36%) was ob- 
served in the presence of cAMP (10 pg/ml 
incubation media). cAMP alone exerted a 
minimal effect on the leucine incorporation, 
but functioned in a synergistic manner with 
TSH as shown in Table VI. 

To determine whether or not the stimula- 
tion of protein synthesis 'by LATS was cor- 
related with and dependent upon the RNA 
synthesis, the cells were incubated under the 
following conditions: (a) Tissue culture 

TABLE IV. Effect of Puromycin" on the Uptake of 3H-Leu~ine  in  the Presence of LATS-IgG 
and Normal IgG. 

% Increase between LATS-IgG/nornial-IgG 

Incubation time in hours 
Without puroiiiycin With puroniycin 

Experiment 1.5 3.0 1.5 3 .O 
~~ ~~ ~ 

40.1 0.34 40.8 & 0.28 1 39.3 & 0.74 81.8 2 0.34 
2 40.4 5 0.11 80.7 2 01.91 41.3 & 0.35 42.1 & 0.45 

41.2 0.05 3 42.0 t 0.81 82.5 k 0.75 40.8 t Oc.016 
~~~~~ ~~~ ~ 

a Puromycin (20 mg/ml) was added af te r  1% hr of incubation. 
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FIG. 5.  Effect of puromycin on the irrcorpomtion 
of 3H-leucine in the presence of LATS-IgG and 
noma1 IgG. Cells were incubated at 37" with 
LATS-IgG ( 3  mg/ml) or normal IgG (3  mg/ml) 
and 3H-leucine. At the end {of 1% hr incubatioa, 
purolmyain (20 pg/ml) a s  added. (A) LATS-IgG 
withoult puromycin ; ('B) LATS-IgG with puromy- 
cin (added after 1% hr ;  (C)  normal IgG withoult 
puromycin; (D) normal IgG with puromycin 
added after 1% hr. 

media containing labeled leucine and LATS- 
IgG or normal IgG, represented by the lines 
A and B in Fig. 6, respectively; (b) Media 
containing either LATS-IgG (line C) or nor- 
mal IgG (line D ) ,  but with labeled leucine 
added after 1% hr of incubation; (c) Media 
with AMD and labeled leucine added at  
zero time in the presence of either LATS- 
IgG (line E) or normal IgG (line F) ; and 
(d) Media containing AMD added at  zero 
hour of incubation in the presence of either 
LATS-IgG ( b e  G) or normal IgG (line H )  , 
with 3H-leucine added after 1% hr of in- 
cubation. The result presented in Fig. 6 is 
a compilation of two experiments, and in- 
dicates that the stimulatory effect of LATS- 
IgG on protein synthesis was inhibited by the 

AMD in concentrations (20 pg/ml) sufficient 
to inhibit about 70% of new RNA synthesis. 
Since AMD did not completely inhibit the 
RNA synthesis, LATS continued to exert its 
stimulatory effect as can be seen in line E 
compared to line F for normal IgG, in Fig. 
6. The inhilbition of leucine incorpora~on 
was paralleled with the inhibition of the in- 
corporation of labeled uridine into cellular 
RNA. This finding suggests that the stimula- 
tion of protein synthesis by LATS is de- 
pendent, a t  least in part, on the stimulation 
in RNA synthesis. 

Eflect of LATS-lgG on the nuclear RNA 
(nRNA) and ribosomal R N A  (rRNA.) In- 
order to determine whether LATS stijmulated 
the synthesis of specific species of RNA, the 
total cellular RNA was fractionated into nu- 
clear and ribosomal RNA. The datia in Table 
VII demonstrates that LATS promotes the 
synthesis of both RNA's. The variation in 
values from one experiment to another was 
probably due to the titre of LATS in the IgG 
fraction as well as the number of viable cells 
in the incubation mixtures. This data does 
not rule out the promotion of synthesis of 
individual species of nuclear RNA which are 
TABLE V. The Effect of CAMP and TSH on the 
Incorporation of 3H-Uridim by Isolated Thyroid 

Cells." 

3H-Uridine in- 
corporation 
(?Pm/OD) 

Addition Incubation 
time 

Stimulator CAMP 0 hr 2 hr Increase 

None None 125 2861 
None @ O h r  111 3515 23.0% 
None @ 1 h r  140 3240 13.0% 

TSH None 98 3300 
TSH @ Ohr 105 60080 80.0% 
TSH @ 1 h r  123 4650 41.0% 

~~ 

a The incubation mixture ( 2  ml) contained iso- 
lated thyroid oells (01.5 ml) ; Eagle'@ Minimum 
Eeseintial Media supplemented with 2 mM glutat- 
mine; antibiotics (1%) ; calf serum (101%) ; cyclic 
AMP [CAMP (10 pg/mlj] ; thyrotropar (200, mU/ 
ml) ; and 3H-~ridline (10 pCi/ml). Incubation was 
a t  37". Thyrotropar was omitted from the control 
flasks. 
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TAR1,E: VI .  Tliti Rffcct of ta.L\?tIP ant1 T S H  on the 
I iicorpor:~ tioii of :'H -1,euciiie by Tsolnted Thyroid 

('ells." 

At1 tli t ion I iicul)n tioii 
tinie yo Increase 

Stimulator CAMP 0 hr  2 lir over control 

Xone Xone I i i  2230 
Soi ie  @ 0 lir 123 2735 17 .7% 
Soiie @ 1 Iir 167  2545 14.0% 

T S H  None 170 2377 

T S H  @ 1 1 1 1 -  163 2870 20.8% 
T S H  @I 0 l ir  155 3222 36.0% 

a Isolated tliyroitl cells (0 .5  nil) were :Iddeil t)o 
flasks containing 1.5 nil of Eagle 's  Minimum Es- 
sential Medium suppleniented with calf serum 
(10%) ; antibiotics ; arid glutamine ( 2  
niMj ; 3H-leuc.ine (5 FCi/nil) ; CAMP (10 pg/nil) ; 
and TSH (200 mU/nil). The mixture was iii- 
cubatod a t  37". For control the T S H  mas omitted 
from the reaction niisture. 

not detected by this assay. 
Discussion. Adiga et al. ( I S )  reported that 

LATS-IgG enhanced the incorporation by 
thyroid slices of labeled uridine and orotic 
acid into RNA and labeled leucine into pro- 
tein. On the other hand, if TSH was added 
along with the precursors a t  the beginning 
of the incubation period, there was a marked 
inhibition of the incorporation of the labeled 
uridine and leucine. This inhibition was over- 
come by inculbatling the thyroid slices with 
TSH for 2-3 hr followed by washing the 
tissue prior to the addition of labeled RNA 
and protein precursors. The inhibiition effect 
by TSH was attributed to the inhibition of 
uridine kinase which would affect both the 
RNA and protein synthesis. 

Our data show that the incorporation of 
"-uridine and 3H-leucine into RNA and 
protein, respectively, was neither consistently 
inhibited nor stimulated by TSH added to 
the isolated cells at the beginning of incuba- 
tion prior to the addition of the labeled 
nucleotide and amino acid. However, stimula- 
tion in the incorporation of the labeled pre- 
cursors was achieved when cyclic AMP was 
added along with TSH. This stimulation 

could not be entirely due to CAMP alone, 
since without TSH the cyclic nucleotide 
caused only half the stimulation of that 
achieved in the presence of both. In  contrast, 
LATS-IgG was added a t  the beginning of 
the incubation consistently produced a stimu- 
lation of labeled uridine into RNA and 
labeled leucine into protein by the isolated 
cells. This was consistent with the findings 
of Adiga et al. ( I S ) .  These findings suggest 
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FIG. 6. Actinomycin D inhibition of 3H-Lucine 
uptake by thyroid cells in presence of LATS-IgG 
or normial IgG. The incubation conditions and con- 
centration 1of LATS-IgG and ncwmial IgG are as 
thlat for Fig. 2. ActinompGin D ( 2 0  Fg/ml) was 
added as indicated below. (A) LATS-IgG effect 
without actincvmycin D and 3H-leucine added a t  
zero time; (B)  norlml IgG without acthomycin 
D and 3H-leucine added a t  zero t h e ;  (C)  LATS- 
IgG effect without act.inomycin D while aH-leu- 
cine added at  1% h r ;  (D) normal IgG without 
actinomycin D while "H-leucine added at 1% hr ; 
(E)  LATS-IgG effect with AMD and 'H-leucine 
added iat zero time; (F)  normal IgG effect with 
AML, and  "H-leucine added at zero t ime; ( G )  
LATS-IgG effect with AMD added a t  zero time 
while 'HH-leucine was (added afiter 1% h r ;  ( H )  nor- 
mal IgG-at oondition simiEar to G. 
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TABLE VII.  3H-Uridine Incobrporation into 
nRNA and rRNA in  the Prwence of LATS-IgG 

or Normal IgG." 

Incubation time (cpm/OD) 

IgG LATS-IgG 

RNA Expt. Ohr 3 h r  0 hr 3 hr 

nRNA 1 26b 1250 28 2603 

3 18 17043 16  3460 

rRNA 1 32 1711 43 3197 
2 3 1  1265 23 4190 
3 1 6  16100 18 510'0 

2 11 1330 1 2  3680 

a Cellls were incubated in Eagle's Minimum Es- 
sential Medium oontaining calf serum (10%) ; 
antibiotics ( 1  % ) ; L-glutamine ( 2  mM) ; uridine-6- 
3H (10 pCi/mT) ; LATS-IgG (3 mg/ml) or  nomnal 
IgG ( 3  mg/ml) were addeld t o  the incubation mix- 
ture in  a total volume of 2 ml, and incubated a t  
37'. The RNAs were isolateld as described in 
' Materials and Methods. ' 

b T h e  numbers represent the average of dupli- 
cates from different experimenb. 

that the initial binding of TSH and of LATS 
is not a t  the same site on the thyroid cell 
membrane. This is not illogical, since the two 
molecules are very different chemically and 
structurally. It would appear that the pro- 
cedure for producing isolated cells, which in- 
cludes a limited digestion with two prateolytic 
enzymes, may have altered or damaged the 
site for binding the TSH, but not that for 
binding of LATS. The binding site may not 
be totally destroyed, however, since the effect 
of TSH can be at  least partially restored in 
the presence of CAMP. This finding is further 
suggestive that the effect is a t  the cell mem- 
brane, since CAMP does not penetrate the 
cell !to lit significant extent (19). The binding 
site fot LATS may be less complex than that 
for TSH and possibly more resistant to 
damage, in that i t  may consist of a simple 
repeated antigenic sequence which is 
recognized by the antigenibinding sites on 

LATS immunoglobulin molecule. The 
data do not indicate whether TSH and LATS 
have different mechaniisms of action beyond 
the binding step, and, in fact, the subsequent 
reactions are probably more similar than 
dissimilar (20, 2 1 ) . 

P 

In  our experiments, i t  was found that a 
high concentration of AMD (20 pg/ml) was 
needed to achieve a significant inhibition of 
RNA synthesis both in the presence and the 
absence of LATS-IgG. This could be due to 
the inabiliity of the antibiotic to penetrate the 
thyroid cellular membrane. I t  was observed, 
furthermore, that at a level of the antibiotic 
sufficient to inhibit 70% of RNA synthesis, 
the protein synthesis was inhibited to approx- 
imately the same extent. This suggests that 
the stimulation of protein synthesis by LATS 
in the thyroid cells is a t  least partially de- 
pendent upon new RNA synthesis. Our find- 
ing that the LATS stimulation to protein 
synthesis was inhibited by AMD is not in 
agreement with Tong's ( 2 2 )  report in which 
he found that TSH stifmulation of protein 
synthesis is independent of new RNA 
synthesis. Also, this is not in agreement with 
Wilson's (23) finding which showed that 
TSH exerted stirnulatory effects on the RNA 
synthesis. However, the difference could be 
due to the method of cell isolation. 

In  conclusion, the following can be deduced 
from the present data: (a) LATS and TSH, 
under similar conditions, exerted different 
effects on RNA and protein synthesis in 
isolated thyroid cells; (b) the differences 
could be due to some alteration in the bind- 
ing mechanism of TSH but not in that of 
LATS; (c) the stimulation of protein syn- 
thesis 'by LATS is dependent on the stimu- 
lation in RNA synthesis. 

Summary. The effects of Long-Acting 
Thyroid Stimulator (LATS) and of pituitary 
thyrotropin on macromolecular biosyntheslis 
by isolated thyroid cells were measured. 
LATS consistently produced up to 3-fold 
stimulation of the incorporation of protein 
and RNA precursors by such th 
The stimulation was linear wilth 
under similar conditions, on the 
did not exert any significant stimulation of 
the uptake of labeled leucine or uridine b 
the thyroid cells. In  the presenc 
AMP, however, TSH stimulated 
of leucine up to 36% and that of 
to 80%. Actinomycin D at a concentration 
of 20 pg/ml inhibited, by 70%, the stimula- 
tory effect of LATS on both RNA and pro- 
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tein synthesis. The antibiotic effect indicates 10. McKenzie, J. M., J. Clin. Invest. 42, 955 

that the stimulation of LATS of protein 
synthesis is dependent upon new RNA syn- 
thesis. The data suggest that the kinetics of 
the binding of LATS and of TSH to thyroid 
cells, as demonstrated by their subsequent 
effects on subcellular macromolecular syn- 
thesis, are not identical, but does not indicate 
whether their mechanism of action are differ- 
ent. 
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Erratum 

Volume 142, No. 3 (1973) , in the article, “Effect of Inhibitors on Sodium-Inde- 
pendent Lysine Transport in Intact Intestine,” by Paul K. Frederick, Sheldon Reiser, 
and Philip A. Christiansen, pp. 988-992: 

Page 990, Table I, column heads under “Without sodium,” should read: Inhibitor 
absent; Inhibitor present. 

Erratum 
Volume 142, No. 1 (1973), in the article, “Platelet Factor 4 in Platelet Disorders 

-Storage Location and the Requirement of Endogenous ADP for Its Release,” by 
H. J. Weiss and J. Ropers, pp. 30 -35: 

Page 31, column 1, line 25. Insert after the second plus sign: 10 units of bovine 
bin (Parke, Davis & Co.) per ml of normal saline. The latter was prepared 
a stock solution containing . . . . 


