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Access to a Messenger RNA Sequence or Its Protein 
Product Is Not Limited by Tissue or Species Specificity 

RNA amplification with transcript sequencing (RAWTS) is a rapid and sensitive 
method of direct sequencing that involves complementary DNA synthesis, polymerase 
chain reaction (PCR) with a primer or primers containing a phage promoter, 
transcription from the phage promoter, and reverse transcriptasemediated sequenc- 
ing. By means of RAWTS, it was possible to sequence each of four tissue-specific 
human messenger RNAs (blue pigment, factor IX, phenylalanine hydroxylase, and 
tyrosine hydroxylase) in four cell types examined (white blood cells, liver, K562 
erythroleukemia cells, and chorionic villus cells). These results indicate that there is a 
basal rate of transcription, splicing, and polyadenylation of tissue-specific mRNAs in 
adult and embryonic tissues. In addition to revealing sequence information, it is 
possible to generate a desired in vitro translation product by incorporating a 
translation initiation signal into the appropriate PCR primer. RAWTS can be used to 
obtain novel mRNA sequence information from other species as illustrated with a 
segment of the catalytic domain of factor IX. In general, the ability to obtain mRNA 
sequences rapidly across species boundaries should aid both the study of protein 
evolution and the identification of sequences crucial for protein structure and function. 

R ECENTLY, METHODS HAVE BEEN complementary to the region to be ampli- 
described for the direct sequencing fied, (iii) transcription with a phage pro- 
of genomic DNA that are based on moter, and (iv) reverse transcriptase-medi- 

PCR (1, 2). One of these methods, known ated dideoxy sequencing of the transcript, 
as genomic amplification with transcript se- which is primed with a nested (internal) 
qut&cing ( G A ~ s ) ,  incorporates a phage 
promoter sequence into at least one of the 
PCR primers (2). GAWTS has been modi- 
fied to allow RNA to be directly sequenced. 
RAWTS consists of four steps: (i) cDNA 
synthesis with oligo(dT) or an mRNA- 
specific oligonucleotide primer, (ii) PCR 
where one or both oligonucleotides contains 
a phage promoter attached to a sequence 

Depamnent of CeU Biology and Molecular Biology, 
Mayo CliniciFoundation, Rochester, MN 55905. 

~ l i~onuc le~ t ide .  The incorporation of a 
phage promoter by PCR has three major 
advantages: (i) transcription produces a sec- 
ond round of am~lification, which obviates 
the need for purification subsequent to 
PCR; (ii) transcription can compensate for 
suboptimal PCR; and (iii) transcription gen- 
erates a single-stranded template, which in 
routine practice tends to give a more repro- 
ducible sequence than obtained directly from 
a linear double-stranded PCR product. 

RAWTS is extraordinarily sensitive be- 

Table 1. Sequencing of tissue-specific human 
mRNAs. Blue pigment, BP; factor IX, F9; 
phenylalanine hyroxylase, PH; tyrosine hyroxy- 
lase, TH. 

Tissue BP F9 PH T H  

Blood + + + + 
Liver + + + + 
K562 + + + + 
CVS + )* + + 
*Factor IX could not be amplified from cultured cho- 
rionic villus cells but this is most likely a consequence of 
the partial degradation of this RNA (as indicated by the 
relative intensity of the 28.3 and 18.3 ribosomal RNA 
species), since the gimers  utilized for amplification 
required that more an 2 kb of the mRNA be intact, 
whereas sequencin of the other mRNAs required that 
no more than 1.1 &b be intact. 

cause it combines the amplification generat- 
ed by phage transcription with the amplifi- 
cation generated by PCR. To determine 
whether tissue-specific mRNAs could also 
be detected, total RNA was isolated from 
white blood cells, liver, K562 erythroleuke- 
mia cells, and cultured chorionic villus cells. 
The RNA was isolated by lysing the cells in 
the presence of guanidium-HC1 except for 
the K562 cells, in which lysis occurred into 
SDSIproteinase K, followed by phenol ex- 
traction (3). Single-stranded cDNA was 
made from total RNA by priming reverse 
transcriptase with oligo(dT). R A W S  was 
performed on four tissue-specific mRNAs: 
blue pigment, which is expressed in the 
retina; factor IX and phenylalanine hydroxy- 
lase, which are expressed in the liver; and 
tyrosine hydroxylase, which is expressed in 
the brain and adrenal gland. How the prim- 
ers were chosen for the retina-specific blue 
pigment mRNA is shown in Fig. 1. The 
first set of PCR primers were: BP-(T7- 
29)E5(1453)-44U, which contains the T 7  
promoter sequence, and BP-E4(1230)-16D 
[Fig. 1; for an explanation of the notation, 
see ( 4 ) ] .  The primers chosen span at least 
one intron, so the genomic sequence can be 
distinguished from that of mRNA. Se- 
quence of the blue pigment mRNA was not 
obtained from white blood cell RNA even 
after 40 cycles of PCR. Therefore, we did a 
second amplification by diluting an aliquot 
of the first PCR mix 1000-fold in a fresh 
PCR mix and reamplifying with the same 
T 7  promoter oligonucleotide primer along 
with E4(1259)-17D. An amplified fragment 
of predicted size was seen (Fig. 2A). The 
fragment was transcribed and then se- 
quenced with BP-E4(1293)-17D as the pri- 
mer for reverse transcriptasse. Intronic se- 
quence was absent, confirming that mRNA 
and not DNA was the origin of the signal 
(Fig. 2C). By performing the two rounds of 
PCR, sequence information could also be 
obtained from liver, K562, and chorionic 
villus RNA (Fig. 2A and Table 1). With one 
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or more rounds of PCR for which one or 
both primers differed in the second round, 
the other three tissue-specific mRNAs were 
also sequenced so as to confirm the absence 
of introns by the use of the primers de- 
scribed in the legend to Fig. 2 (Fig. 2, B and 
C, and Table 1). Despite the extensive am- 
plification, no sequencing errors were found 
in 3 kb of sequence (15 combinations of 
mRNAs and cells at 150 to 250 bases per 
combination). This is expected because di- 
rect sequencing provides data on a popula- 
tion of molecules rather than a clone of one 

molecule. So long as multiple mRNA mole- 
cules are amplified on the first round of 
PCR, an error at a specific base during 
polymerization will not materially affect the 
predominant sequence of the population of 
molecules. 

The great sensitivity of PCR can poten- 
tially lead to artifact. However, the mRNA 
sequence that was obtained cannot be due to 
plasmid contamination because, with the 
exception of the factor M gene, cloned 
sequences of these genes were not present in 
the laboratory. Likewise, no retina, brain, or 

adrenal mRNA was present in the labora- 
tory. In addition, contamination of solu- 
tions with previously amplified material was 
routinely monitored by verifying that no 
segments were seen when PCR was per- 
formed without input cDNA. The unique 
sequence fiom factor M mRNAs of other 
species also demonstrates the veracity of the 
sequence (see below). Finally, the possibility 
of processed pseudogenes accounting for 
the data is eliminated by previously pub- 
lished data (5-10) and the results of amplifi- 
cation of genomic DNA for these genes 
(that is, no amplified segment is seen at the 
size expected for mRNA). 

l23Q BP-E4(1230)-16D 1259 BP-E4(1259)-170 
5 ' .  . . .ATG GTC C AAC CGT AAC CAT G CTG GAC TTA CGG T GTC ACC ATT CCT TC$ 

Met Val E n  Asn A q  A m  His  G Q  Leu Asp Leu Arg u Val Thr I l e  Pro Ser 

The& data indicate that some level of 
mRNA synthesis occurs for at least some 
and possibly even all tissue-specific genes. 
Since one round of PCR followed bv tran- 1293 BP-E4 1293 -170 1330 

TTC TTC TCC AAG AGT ifT TGC AT! TAC'AAT C@ ATC ATC TAC TGC TTC ATG AAT 
Phe Phe Ser Lys Ser A a Cys I l e  Tyr Asn Pro I l e  I l e  Tyr Cys Phe Met Asn 

scription can amplify a segment one billion 
times, two rounds of PCR should detect 
mRNAs that are present at very much less 
than one copy per cell. The levels of these 
mRNAs in various tissues are of interest, 

IGTAAAGCTCT...Intron 4 (987 bp t o t a l )  ... TTCTCTCCAq 

I 1 1340 1438 1453 1476 but precise quantitation depends on (i) 
AAG CAG TTC TAA.. .93bp.. .ACT CAA GTT GGC CCC AAT TGA GGACCCAATA TTGGCCTGff.. .3' 

3 '  ~GTT CAA CCG GGG TTG quantitative isolation of RNA, which is 
Lys Gln Phe Gln Gln Val Gly Pro As difficult in tissues with very active ribonucle- 

AGA GGGATATCAC TCAGCATAAT C C A T G ~  5' - such as in blood; (ii) measurement of 
BP-(T7-29)E5(1453)-44U 

the efficiency of cDNA synthesis, which 
Fig. 1.Oligonuclcotides for RAWTS of a segment of blue pigment mRNA. Shown are pomons of depends on multiple including exons 4 and 5, which cornspond to the region that was amplified and sequenced. The numbering 
system of Nathans et al. (6) was used. The first PCR was performed with the oligonucleotide primers the concentrations of reverse -- 
BP-E4(1230)-16D and BP-(T7-29)E5(1453)M [for an explanation of the notation, see (4 ) ] .  A 253- scriptase, and primers as well as the particu- 
bp amplified segment would be expected from blue pigment mRNA (224 bp of blue pigment sequence lar size and sequence of the mRNA of 
and a 29-bp T7 promoter sequence), and a 1240-bp amplified fragment is expected from genomic interest; and (iii) measurement of the efi- 
DNA. The 253-bp segment was not seen, so reamplification was performed with BP-E4(1259)-17D 
and BP-(T7-29)E5(1453)-44U. The expected 224bp segment was generated and subsequently denq of PCR, a in which 
uanscribed. Dideoxy sequencing was then performed by using BP-E4(1293)-l7D as the internal differences in efficiency per cycle are expo- 
primer for reverse transcriptasc [sec methods in (18)l. nentially amplified. 

Fig. 2. RAWTS of tissue-specific 
KNA. (A) Ethidium bromide stain 
2.5% agarose gel subsequent to two 
unds of PCR of the blue pigment 
ne (see Fig. 1 and text) from 100 ng 
total RNA extracted from blood, 

i62 cells, chorionic villus cells, and 
er (lanes R, K, C. and L, respective- 
I. The rightmost lane shows si7x: stan- 
rds produced by Hac 111 digestion of 
(174. (BI Aearosc eel of PCK amnli- 

of 
I<! 

* liv 
Iy) 
A "  

- - 
\ ' C  C 

ation of factor I);, blue pigment, 
~envlalaninc hvdroxylase, and tyro- 
le hydroxylase mRNA from total 
VA extracted from bloc R, 
and T, respectively). I es, 

e amplification shown ult 
morc than one round ot I'LK (for 

 ample, see Fig. 1). Each amplified 
segment spanned an intron. For each 

ge ,wing are li ;ng system f the retcrence (if different) detailing the position 
ot , (ii) the PC ation, see (4 the expected size of the segments of the mRNA 

and genomlc umn, wnlcn inc~uacs tne 29 bp of the I / promoter. racror N: ( I )  I oshitake et at. (-7); (11) r'9-(T7-29)E7(30057)-46D and F9-ES(31047)- 
15U; (iii) 351 bp for RNA and 1019 bp for DNA. Blue pigment: ( i )  Nathans rt a/. (6); (ii) PCR 1: UP-E4(1230)-161) and RP-ES(1453)-44U; I'CR 2: RP- 
E4(1259)-17D and EP-ES(1443)-4444; (iii) for PCR 2,224 bp for mRNA and 11 11 bp for DNA. Phenylalanine hvdroxylasc: (i) Kurok rt nl. (7), DiLeUa et 
a / .  (8); (ii) PH-(T7-29)E13(1626)-MU and PH-E12(1420)-16D; (iii) 235 bp for RNA and -1400 bp for DNA. Tyrosine hvdroxylasc: (i) Grima et a / .  ( 9 ) ,  
O'Mallcy et 01. (10); (ii) PCR 1: TH-ES(936)-15D and TH-E13(1507)-lSU, after 100,000-fold dilution, PCR 2: Th-(T7-29)El l (11l l ) -49D and TH- 
E13(1507)-lSU, after 100,000-fold dilution, PCR 3: TH-(T7-29)El l(1111)-49D and TH-E12(1333)-16U; (iii) 251 bp for RNA and 471 bp for DNA. 
(C) Sequence of the exon intron junction of blue pigment (UP), factor LY (F9), phcnylalanine hydroxylase (PH), and tyrosine hydroxylase (TH) rnRNA from 
blood, which verifies that intronic sequence is absent. For methcds, see (18). 
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The ability to detect basal levels of tissue- 
specific mRNA has certain practical conse- 
quences as illustrated with the factor M 
gene. First, the exonic sequence for an indi- 
vidual with hemophilia B can be obtained 
from DNA, but doing so requires multiple 
amplifications because the eight exons of the 
factor M genes are dispersed over 34 kb of 
genomic DNA. Given the current limits on 
the size of efficiently amplified fragments 
(11), six regions must be amplified and 
transcribed to sequence the 1383 bp of the 
coding region. In contrast, the entire se- 
quence of the coding region may well be 
obtained from RNA with only one amplifi- 
cation and transcription. Second, the conse- 
quences of mutations such as the hemophil- 
ia-related point mutation at the splice donor 
junction of inmn f (12) may well be delin- 

eated without exposing the patient to a liver 
biopsy, a procedure whose hazards cannot 
generally be justified by a desire to analyze 
the structure of mRNA. 

Once an mRNA segment has been ampli- 
fied distal to a phage promoter, it is also 
possible to obtain the protein product by in 
vitro translation or by insertion into an 
appropriate expression vector. For factor M, 
the carboxyl-terminal 287 amino acids en- 
coded by exons f through h were made by 
RNA amplification with in v im  translation 
( R A W ) .  An eight-nucleotide translation 
initiation signal [CCACCATG (13)] was 
added 3' to the T7 promoter sequence of 
the PCR primer. When the PCR product 
was transcribed in the presence of 
7mGpppG (14), a capped RNA was gener- 
ated, which contained a predicted 5' un- 

Fig. 3. RNA amplification with in vim transla- 1 3 7 
tion (RAWlT). E5(20365)-51D [full name: *r s 
F9(Hs)-(T7lTI-37) E5(20365)-51D] has a se- w -- 
quence: GGATCCTAATACGACTCACTATAG - 
GGAGA CCACCATG CCATlTCCATGTGG. 
It contains a 29-base T 7  promoter sequence fol- I 
lowed by an &base translation initiation signal 
and a 14-base sequence complementary to exon f. 
PCR was performed with E5(20365)-51D and 
one of four additional oligonucleotides. The tran- 
script produced by T7 contains an 11-nudeotide , 1L 

leader (GGGAGACCACC) followed by the initi- 
ating ATG in frame with the coding sequence. 
Lane 1, in vitro translation without an RNA 
template; lane 2, in vitro translation product of 
full-length factor IX m R W ,  lane 3, in vitro 
translation product of the transcript derived from 
a PCR for which we used E6(20365)-51D and 
E8(31515)-16D. The transcript produced with 
T7 RNA polymerase coda for an 11-base 5' 
untranslated region, a 288-amino acid peptide of predicted molecular weight 31,486 and a 146-base 3' 
untranslated segment. Lanes 4 to 6, in v i m  translation product of a transcript derived from a PCR for 
which we used E6(20365)-51D plus E8(31330)-16U, E8(31215)-16U, and E8(31189)-16U, rcspec- 
tively. The predicted molecular weights of the peptidcs are 28,785,25,872, and 25,124, respectively. 
Lane 7, protein size markers (Amersham): 92.5,69,46,30, and 14.3 kD, respectively. For each in v i m  
translation, the peptide of predicted size was seen. 

Fig. 4. Cross-specie se- human 201 KVDAF CGGSl VNEKW IVTAA HCVET GVKlT VVAGE 
quencing with R A W S  El E A I LKP D E El  E A I 
(ZooRAWs). Novel guinea pig 

LKP D E 
ETE IL  I E K 

amino acid sequences of rabbit E I V IKP DDN 
amino acids 201 to 260 Sheep E I A  V I KP 
of the factor IX gene of 'Ow E l  A V I KP 

mouse, rat, guinea pig, 
rabbit, and sheep were 
obtained by performing 
R A W S  on mRNA 
from liver. The liver 
mRNAs were purchased 
from Clontech. Comple- 

HNlEE TEHTE QKRNV IRllP HHNYN 260 
Y D K K n  a T n 

D 
K 

0 N Y K  

mentary DNA was gen- 
erated with oligo(dT) (18) and then PCR was performed under low stringency (increased magnesium 
concentration) with the human primers (T7-29)E7(30057)-46D and ES(31048)-15U. An amplified 
segment of expected size was obtained from mouse and rat liver cDNA. Sequence was obtained by 
using E8(31048)-15U as the primer for reverse transcriptase, but the use of a PCR primer for 
sequencing did not produce data of mifbrmly high quality. From those data, an oligonucleotide 
complementary to both mouse and rat factor IX was synthesized and then used as a ncsted sequencing 
primer. This resulted in sequence data without any ambiguities. For guinea pig, rabbit, and sheep, a 
different pair of human primers was used to obtain the initial sequence. Then a sheep-specific primer 
was synthesized and successfully utilized to obtain sequence data from the three species. The previously 
determined amino acid sequence of the corresponding region of bovine factor IX is included for 
completeness (19). The DNA sequence is available from the authors on request. 

translated leader of only 11 bases and a 3' 
untranslated region of 146 bases. The 
capped RNA specifically produced a peptide 
of expected size in both a reticulocyte (Fig. 
3) and a wheat germ lysate (15). RAWIT 
wrformed with alternate PCR  rimers 

I 

yielded similar amounts of peptides of pre- 
dicted size despite the absence of a termina- 
tion codon and all 3' untranslated sequences 
(Fig. 3). The ability to produce a desired 
segment of a protein rapidly by RAWIT 
should facilitate the delineation of relations 
between structure and function. 

In addition to sequencing and translat- 
ing mRNA from different tissues, it would 
be useful to rapidly determine mRNA se- 
quence in other species. The human factor 
M PCR primers (T7-29)E7(30057)-46D 
and E8(31048)-15U were wed to ampw a 
cDNA segment derived from mouse &d kt 
liver mRNA. A series of amplifications were 
performed with increasing amounts of mag- 
nesium in order to decrease the stringency of 
annealing. Segments of the expected size 
were seen at 5 mM MgC12 in both mouse 
and rat. Attempts to sequence the rodent 
fragments by &g the internal human oli- 
gonucleotide were unsuccessll. However, 
the PCR primer could be used to generate a 
sequencei albeit of low quality. From this 
sequence, a mouse-spedc oligonucleotide 
was designed, and resequencing of the tran- 
script with this primer gave high-quality 
sequence information for both mouse and 
rat (Fig. 4). By using an alternate pair of 
PCR primers, it was possible to obtain high- 
quality sequences for guinea pig, rabbit, and 
sheep (Fig. 4). A comparison of nucleotide 
and amino acid sequences indicates that this 
segment of the catalytic domain of factor 
M has evolved at approximately an average 
rate (16). However, the loop of amino acids 
formed by a postulated &sulfide bond at 
CysZM and CyszU (5) is highly conserved. 
Since   is'^' is known to participate in the 
catalytic reaction (9, we speculate that this 
loop is important for the formation of the 
active site. 

Analysis of sequences from multiple spe- 
cies is helpful in interpreting changes found 
in hemophiliacs. As examples, CysUz and 

are conserved in all species examined, 
providing further evidence &at the substitu- 
tions at these positions found in a severe 
hemophiliac (factor M coagulation = I%), 
and a mild hemophiliac (factor M coagu- 
lant = 24%), respectively, represent the 
causative mutations rather than rare poly- 
morphism~ (1 7). 
In summary, incorporation of a phage 

promoter into a PCR oligonucleotide prim- 
er allows an abundance of transcript to be 
made after amplification of mRNA by PCR. 
The sensitivity of the technique allows tis- 
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sue-specific mRNAs to be sequenced from 
at least some and possibly all tissues, and the 
conservation of sequence through evolution 
allows mRNAs from other species to be 
sequenced without cloning. In addition, the 
transcript can be translated in vitro, thereby 
allowing the intact protein or any desired 
segment to be produced. 
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added for a final volume of 50 A. (ii) PCR: 1 A of 
the above sample was added to 40 A of 50 
mMKC1, 10 mMtris-HCI (pH 8.3), 1.0 to 2.5 mM 
MgC12 (empirically determined for each set of prim- 
ers), 0.01% (wlv) gelatin, 200 F M  each of dNTP, 1 
k M  of each primer (Perkin-Elmer Cetus protocol). 
After 10 min at 94"C, 1 U of Taq polymerase was 
added, and 40 cycles of PCR were performed (an- 
nealing: 2 min at 50°C; elongation: 3 min at 72°C; 
denaturation: 1 min at 94°C) with the Perkin-Elmer 
Cetus automated thermal cycler. One primer includ- 
ed a T7  promoter as previously described (2). (iii) 
Trancription: After a final 10-min elongation, 3 A of 
the amplified material was added to 17 A of the 
RNA transcription mixture. The final mixture con- 

tains 40 mM tris-HCI (pH 7.5), 6 mM MgC12, 2 
mM spermidine, 10 mM sodium chloride, 0.5 mM 
of the four ribonucleoside triphosphates, RNasin 
(1 UIA), 10 rnM D'IT, 10 U of T7  RNA poly- 
merase, and diethylpyrocarbonate-treated H 2 0 .  
Samples were incubated for 1 hour at 37"C, and the 
reaction was stopped by heating at 65°C for 10 min. 
(iv) Sequencing: 2 A of the transcription reaction was 
added to 10 A of annealing buffer containing the 
end-labeled reverse transcriptase primer. Annealing 
and sequencing were performed essentially as de- 
scribed, but note that [6-32P]ATP is the correct 
donor for end-labeling (2). 
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Expression of H i g h - m i t y  Binding of Human 
Immunoglobulin E by Transfected Cells 
LARRY MILLER, ULRICH BLANK, HENRY METZGER, 
JEAN-PIERRE KINET 

The receptor with high afiinity for immunoglobulin E (IgE) on mast cells and 
basophils is critical in initiating allergic reactions. It is composed of an IgE-binding a 
subunit, a 0 subunit, and two y subunits. The human a subunit was expressed on 
transfected cells in the presence of rat and y subunits or in the presence of the y 
subunit alone. The IgE binding properties of the expressed human a were characteris- 
tic of receptors on normal human cells. These results now permit a systematic analysis 
of human IgE binding and a search for therapeutically useful inhibitors of that 
binding. 

T HE HIGH-AFFINITY RECEPTOR FOR 

IgE (Fc,RI) plays a central role in 
initiating allergic reactions by cou- 

pling the presence of allergen to the release 
of mediators by mast cells and basophils. 
Using basophilic leukemia (RBL) cells, we 
showed that Fc,RI in the rat is a tetramer 
consisting of a single IgE-binding a sub- 
unit, a single P subunit, and two disulfide- 
linked y subunits (1). Little is known about 
the human Fc,RI because obtaining suffi- 
cient numbers of normal mast cells and 
basophils is impractical and because no sta- 
ble cell lines expressing high-affinity recep- 
tors for human IgE exist as yet. Knowledge 
about the structure and function of the 
human receptor will be critical for determin- 
ing whether this protein can serve as an 
appropriate target for new therapeutic ap- 
proaches to allergy, for example, by inhibit- 
ing IgE binding or the earliest steps in 
receptor activation. 

Our aim therefore was to obtain expres- 
sion of human IgE binding by transfected 
cells. The cDNA for the IgE-binding human 
a subunit has been cloned but could not be 
expressed in transfection experiments (2, 3). 
Possibly, as with the homologous rat a, 
expression requires cotransfection with the 
cDNA for the P (4) and y subunits (5 ) .  
However, the library from which the cDNA 

for human a was obtained has not yet 
yielded cDNA clones for human P and y (6) ,  
and indeed the cell line used to construct 
that library fails to bind IgE (7). We there- 
fore attempted to express human IgE bind- 
ing by cotransfecting cells with the cDNA 
for the human a subunit together with the 
cDNA for rat P or y subunits, or both. 

A 907-bp Sfa NI fragment was excised 
from the cDNA that codes for the a subunit 
of the human IgE receptor and subcloned 
into the vector pSVL for expression by 
transfected COS 7 cells. This fragment in- 
cludes the entire sequence coding for a plus 
a minimal amount of 5' and 3' untranslated 
sequence. The pSVL-human a cDNA was 
cotransfected along with separate pSVL 
plasmids containing cDNAs coding for the 
rat p and y subunits. When these transfec- 
tants [aH(py)R cells] were reacted with 
mouse monoclonal IgE (specific for dinitro- 
phenyl), 5% to 7% of cells formed rosettes 
with trinitrophenylated red blood cells. 
Cells cotransfected with a~ and P R  failed to 
form rosettes, but ( Y H ~ R  transfectants 
showed rosetting (Table 1). The latter result 
was unexpected because we had found earli- 
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