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The essential yeast NLTI gene encodes the 64 kDa glycoprotein subunit
of the oligosaccharyl transferase

Rahul Pathak, Carl S. Parker, Barbara Imperiali*

Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125, USA

Received 27 February 1995; revised version received 3 March 1995

Abstract The yeast oligosaccharyl transferase catalyzes the
glycosylation of asparagine residues in secreted, vesicular, and
membrane proteins. A complex of at least four membrane-bound
polypeptides is responsible for oligosaccharyl transferase activ-
ity. Amino acid sequences from the 64 kDa glycoprotein subunit
of the complex were used to clone the essential NLT1 (/V-linked
oligosaccharyl transferase) gene. The Nitlp gene product is a
processed, multiply glycosylated type I membrane protein; it has
an extensive amino-terminal soluble domain, a potential hydro-
phobic transmembrane domain, and a short carboxy-terminal
soluble domain. The Nit1p is significantly similar than the mam-
malian ribophorin I, a component of the mammalian oligosac-
charyl transferase complex, and the enzyme is conserved through-
out eukaryotic evolution.
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1. Introduction

The N-linked glycosylation of proteins is an essential proc-
essing event in eukaryotic cells; oligosaccharide chains contrib-
ute to the folding, solubility, and overall conformation of
glycoproteins in addition to participating in protein function
[1-3]. The oligosaccharyl transferase catalyzes the transfer of
a core oligosaccharide, Glc;Mang(GleNAc),, from dolichol py-
rophosphate to selected asparagine residues [4] of nascent pol-
ypeptides as they are translocated into the lumen of the rough
endoplasmic reticulum. The enzyme has recently been purified
from detergent extracts of Saccharomcyes cerevisiae membrane
proteins [5~7]. The enzyme was purified either as a tetrameric
complex of polypeptides with molecular weights of 64 kDa, 45
kDa, 34 kDa, and 32 kDa, or as a hexameric complex with
additional 16 kDa and 9 kDa subunits. The 45 kDa and 32 kDa
subunits were identified as the products of the essential WBP]
and SWPI genes. Previous experiments with the cloned WBPI
and SWPI genes had identified Wbplp and Swplp as protein
subunits of an oligosaccharyl transferase complex; however,
simultaneous over-expression of the genes encoding both pro-
teins failed to significantly increase oligosaccharyl transferase
activity [8,9]. Presumably, over-expression of the enzyme also
requires the genes encoding other subunits of purified enzyme
complex. The amino acid sequences of the amino-terminal and
internal peptide fragments from the 64 kDa and 34 kDa sub-
units indicated that they were novel yeast proteins.

The sequences of the identified components of the oligosac-
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charyl transferase are well conserved in eukaryotes from yeast
to mammals. The mammalian enzyme was previously purified
from canine pancreas microsomal membranes [10] as a complex
including the proteins ribophorin I, ribophorin 11, and OST48.
The amino acid sequence of the 32 kDa Swplp is similar to the
sequence of the carboxy-terminal half of the 63 kDa ribophorin
I1 from rat and human cell lines [7], and the overall sequence
of the 45kDa Wbplp is similar to the OST48 from canine
pancreas cells [11].

Here, we describe the novel yeast protein Nltlp, a third
component of the yeast oligosaccharyl transferase. The S. cer-
evisine NLTI gene was cloned using degenerate oligonucleo-
tides derived from extensive amino acid sequencing of the 64
kDa subunit of the purified enzyme complex. The 1.4 kilobase
open reading frame of the NLT/ gene encodes a polypeptide
with a predicted unprocessed molecular weight of 54 kDa. The
amino acid sequence includes a 22 residue endoplasmic reticu-
lum signal sequence and five potential glycosylation sites in the
mature protein. Cleavage of the signal sequence and glycosyla-
tion of the acceptor sequences would yield a mature protein of
62-67 kDa, in close agreement with the observed doublet of 64
kDa polypeptide bands in the purified complex [5]. The amino
acid sequence predicts a type I membrane protein with an
extensive soluble domain and one potential transmembrane
hydrophobic domain at the carboxy-terminus of the protein.
Deletion of an 800 bp region of the NLTI coding region indi-
cated that the gene is essential for vegetative growth of yeast.
Consistent with the homology shown by the 45 kDa and 32 kDa
yeast subunits to their mammalian counterparts, the amino acid
sequence of the novel 64 kDa Nlt1p bears significant similarity
to the amino acid sequences of the human and rat ribophorin
I proteins [12,13]; the NLT1 gene is the first gene encoding a
ribophorin I homologue to be cloned from yeast.

The cloned NLT! gene, together with the WBPI and SWPI
genes and perhaps the gene encoding the 34 kDa subunit, will
enable a complete genetic and biochemical understanding of
the essential oligosaccharyl transferase enzyme.

2. Materials and methods

2.1. Yeast strains and media

The following yeast strains were used in this study: SEY 6210/6211
(MATalo lew2-3112 ura3-52 his3-200 trp1-901 lys2-8011+ ade2-101/+
suc2-9 mal™) [14]; PRY46 (MATa his— pep4-3 prcl-1126 prbi-1122)
(obtained from P. Robbins); YPH274 (MATa/MATa ade2—101° jade2—
101° lys2-801°/lys2-801° his342001his34200 ura3-52/ura3-52 leu2-All
leu2-Al trpl-Alftrpl-41) [15]; YPH274a (MATa ade2--101° lys2-801*
his3 A200 ura3-52 leu2-Al trpl-Al) (obtained from J. Abelson);
YPH274a (MATa ade2—101° lys2-801° his34200 ura3-52 leu2-Al trpl-
41) (obtained from J. Abelson); and RPY5 (MATa/MATa ade2-101°/
ade2-101°  lys2-801°llys2-801¢  his34200/his34200 ura3-52/ura3-52
leu2-Allleu2-Al trpl-4Alitrpl-Al Anltl :: URA3/+) (this study). Standard
yeast media [16] were used.
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Peptide 64-1 AQYEPPATWENVDYKRTIDYV
Peptide 64-2 LLPEGATDHYFT

Peptide 64-3 RQTHFVNVLTML

Fig. 1. Amino acid sequences of the 64 kDa glycoprotein. The yeast
oligosaccharyl transferase was purified [5], and the 64 kDa glycoprotein
subunit was isolated by SDS-PAGE. The sequence of peptide 64-1 was
obtained from the mature amino-terminus of the protein, and the se-
quences of peptides 64-2 and 64-3 were obtained from two co-migrating
cyanogen bromide fragments of the 64 kDa glycoprotein.

2.2. Amino acid sequencing of the 64 kDa protein

The yeast oligosaccharyl transferase was purified from approxi-
mately 100 g of PRY46 cells {5]. For amino-terminal sequencing, ap-
proximately 10 ug of the purified protein was concentrated by chloro-
form/methanol precipitation [17] and separated by SDS-PAGE [18].
The separated polypeptides were transferred electrophoretically [19] to
a ProBlott PVDF membrane (Applied Biosystems). The 64 kDa oligo-
saccharyl transferase band was carefully cut out and sequenced on an
Applied Biosystems automated peptide sequencer. For internal amino
acid sequencing, approximately 100 ug of the purified protein was
concentrated and separated by SDS-PAGE and then transferred to an
Immobilon P52 membrane (Millipore). The 64 kDa band was cut out
and digested in situ with 10 mg/ml cyanogen bromide in 70% formic
acid for 24 h at room temperature. The cyanogen bromide solution was
removed, and the membrane fragments were washed with 70% iso-
propanol and 0.2% trifluoroacetic acid. The cyanogen bromide eluate
was combined with the isopropanol wash and evaporated under a
stream of nitrogen. The resultant peptide pellet was washed with water
and then separated on a high resolution SDS-PAGE gel [20]. The
peptide fragments were transferred to a ProBlott membrane (ABI), cut
out, and sequenced on an Applied Biosystems automated peptide se-
quencer.

2.3. Isolation of the NLT1

Standard DNA techniques were used [21]. Degenerate oligonucleo-
tides with sequences derived from the amino-terminal and internal
amino acid sequences of the 64 kDa glycoprotein were synthesized (see
Fig. 1). Primer RP1 had the sequence 5-GCNCAA/GTAT/CGAA/
GCCNCCNGCNAC-3, and primer RP6 had the sequence 5-TAA/
GTGA/GTCNGTNGCNCCT/CTCNGG-3". Genomic DNA pre-
pared from yeast strain SEY 6210/6211 was used as a template for the
polymerase chain reaction with primers RP1 and RP6. An 850 bp
fragment of the yeast genome was amplified and cloned into pBluescript
(Stratagene) to yield plasmid pBluescript-850. Partial DNA sequence
of the PCR product was obtained using Sequenase (US Biochemical),
and the amino acid translation of the sequence was consistent with the
amino acid sequences from the 64 kDa protein. Probes were prepared
from the amplified DNA by the polymerase chain reaction with [a-
P)dCTP using pBluescript-850 as a template; the specific activity of
each probe was 107-10° cpm/ug.

The probes were used to screen a AYES yeast genomic library [22].
Lawns of Escherichia coli Y1090 cells were infected with the phage
library at plaque densities of 30,000-50,000 per 150 mm plate. The
plaques were transferred to nitrocellulose filters and hybridized with
0.5 x 10° cpm/ml of the probe synthesized from pBluescript-850 for 16 h
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at 42°C in 0.9 M NaCl, 60 mM sodium phosphate (pH 7.4), and 0.1%
SDS. The filters were then washed twice at 55°C with 0.9 M NaCl, 90
mM sodium citrate (pH 7.0), and 0.5% SDS; positive plaques were
identified by autoradiography. From a screen of approximately 300,000
plaques, 22 plaques hybridizing with the probe were identified; seven
of these plaques were purified after four rounds of screening, and one
(AYES-16) was selected for further study.

A plaque of AYES-16 phage DNA was suspended in 10 mM Tris-Cl
(pH 7.5) and 8 mM MgSO,. Recombination competent BNN132 cells
[23] were infected with 1000 pfu of phage DNA and plated on LB/
ampicillin media. The genomic insert of the AYES phage is within an
8 kb pYES plasmid sequence flanked by Jox sites; infection of BNN132
cells expressing the cre gene allows recombination to occur at the lox
sites yielding an intact pYES plasmid and expression of the pYES
ampicillin resistance gene. Approximately 100 ampicillin-resistant colo-
nies grew, and plasmid DNA was isolated from one colony. Restriction
digestion of the plasmid DNA revealed a 3.7 kb genomic clone flanked
by Xhol restriction endonuclease sites. The clone was removed from the
pYES vector by digestion with X4oI and inserted into the Xhol site of
pBluescript to yield plasmid pBluescript(NLTI). Both strands of the
entire 3.7 kb genomic clone were sequenced.

2.4. Disruption of the NLT1 gene

The 1.1 kb HindlIII fragment containing the URA3 gene from YEp24
was inserted between the Stul and Mscl sites within the NLT/ gene to
yield plasmid pBluescript(dnitl); the modified gene contained an 800
bp deletion within the NLT! open reading frame. Diploid yeast strain
YPH274 was transformed with a 4.0 kb linear DNA fragment carrying
the modified NLT] gene [24]. Uracil prototrophs were selected, and
successful disruption of one copy of the wild-type NLTI gene was
verified by Southern blotting. The resulting diploid yeast strain RPYS
was sporulated and subjected to tetrad analysis.

3. Results

3.1. Isolation of the NLT1 gene

To clone the gene encoding the 64 kDa subunit of the oligo-
saccharyl transferase, amino acid sequences were obtained
from the amino-terminus and from one cyanogen bromide frag-
ment of the 64 kDa subunit [5]. The amino-terminus yielded 20
residues of reliable sequence, peptide 64—1 (see Fig. 1). A 30
kDa cyanogen bromide fragment yielded sequence from two
co-migrating glycopeptides in a 4-to-1 molar ratio. The more
abundant peptide gave 12 residues of reliable sequence, peptide
64-2; twelve residues of sequence were also obtained from the
less abundant peptide, peptide 64-3, near the detection limits
of the polypeptide sequencer.

The region of the yeast genome encoding the 64 kDa pol-
ypeptide from the amino-terminus to the start of the 30 kDa
cyanogen bromide fragment was amplified by the polymerase
chain reaction (PCR) with degenerate oligonucleotide primers
derived from peptides 64-1 and 64-2. An amplified 850 bp

EcoR | Xba |
Xhot Kpnl Nsi | Stu | Bel Msc | HinD Il Bgi ! Xho |l
l L | 1 | | ] | ]
|
250 bp

A NLT1

Fig. 2. (A) Restriction map of the NLT1 locus. The location of the NLT1 open reading frame is shown with an arrow in the 3.7 kb clone of the NLT/
locus. Selected restriction enzyme cleavage sites are shown. The Xhol sites were introduced during the preparation of the library. (B) Nucleotide
sequence of the NLTT locus. The entire 3.7 kb of the NLT/ locus was sequenced on both strands. The sequence in the vicinity of the NLTI open
reading frame is shown. The numbers above the sequence indicate the nucleotides of the NLT/ gene starting with the ATG initiation codon. The
numbers to the left of the sequence indicate the amino acids of the translation of the open reading frame. Amino acid sequences corresponding to
those obtained from the 64 kDa glycoprotein are underlined, and potential N-linked glycosylation acceptor sites are also underlined. An arrow
indicates the site of signal sequence cleavage by the endoplasmic reticulum signal peptidase. A fifteen residue potential transmembrane hydrophobic
domain was revealed by hydropathy analysis [27] and is indicated by a dashed underline.
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AAAATTCAAAAGAAATCTATCAATATAACAAAAACGCCAAATCATCAARAATGATCGGTG
TTGAAGAGCTTGGCACTCTTARAGGCGGCTAGTTCATAATGCTATAGGAATTGACTCAAG
GAAACGGACTATGTCTTGTACTGAATACTGTCTTCATTTGCCCATAGAATGCATTAGTGT
TACTCTTCTTCGCGAGCAGGGTAAGTATGCGCGTAATGTTTTTTATTTTCTGAAAGGTTC
AAAGTATGCAGAACAAATTAATGTTTGCTTTT TATTAAGCAAGCTACTTCTTTGACAAGT
ACCCGATTGCTTCTTTAGCTCGGAACAAGACGCAAACTACAAAATATAGGTGCTGARAAA
10 30 50
ATGAGGCAGGTTTGGT TCTCTTGGATTGTGGGATTGTTCCTATGTTTTTTCAACGTGTCT
M R Q VW F S W I V G L F L C F F N V_§
70 90 110
TCTGCTGCCCAATACGAGCCACCTGCGACTTGGGAGAATGTTGATTATAAGAGGACAATA
S A A QO Y E P P A T W E N V D X K R T I
T 130 150 170
GACGTGTCAAACGCTTATATTTCAGAAACAATCGAAATAACTATCARAAACATAGCAAGC
D VvV S N A Y I §$ ET I E I TTIKNTI®A S
190 210 230
GAACCTGCGACTGAATACTTCACAGCCTTTGAGAGTGGCATCTTCAGTAAAGTTTCCTTT
E P ATZE Y F TA AT FE S G I F S K V § F
250 270 290
TTTTCAGCCTATTTTACCAACGAGGCAACTTTTTTAAATAGCCAATTACTTGCCAATTCG
F S A Y F T N E A T F L N S Q L L A N_S
310 330 350
ACTACAGCACCTGGTGACGATGGTGAAAGTGAAATTAGATACGGGATCATTCAATTTCCA
T T A P G DD G E S E I R Y G I I Q F P
370 390 410
AATGCAATTTCCCCTCAGGAAGAAGTTTCTTTAGTGATTAAGAGCTTCTATAATACCGTA
N A I S P Q E E V S L VvV I K § F Y N T Vv
430 450 470
GGTATTCCTTATCCTGAGCACGTTGGAATGTCAGAAGAACAACACCTATTGTGGGAAACG
G I P Y P E H V G M S EE Q HUL L WE T
490 510 530
AACAGATTGCCGCTTTCTGCTTACGATACCAAGAAGGCCTCTTTTACGCTGATTGGTAGC
N R L P L S A Y D T K K A § F T L I G S
550 570 590
TCATCATTTGAGGAGTACCACCCCCCAAATGACGAGAGTTTACTGGGAAAAGCTAATGGA
S S F E E Y H P P NDE S L L G KA N G
610 630 650
AACTCTTTTGAGTTTGGGCCTTGGGAAGATATTCCGAGATTTTCTTCAAACGAAACCTTA
N §$ F E F G P WEUDTIUPIRT F S S NZETL
670 690 710
GCAATTGTTTATTCCCACAATGCCCCATTGAATCAGGTAGTGAATTTGAGAAGAGATATT
A I V Y S H N A P L N Q V V N L R R D I
730 750 770
TGGCTTTCTCATTGGGCTTCCACAATACAATTTGAGGAATATTATGAATTAACARACAAA
W L S H WA S T I Q F E E Y Y E L T N K
790 810 830
GCCGCAAAACTGTCTAAAGGATTTTCAAGATTAGAATTAATGAAACAGATTCARACTCAG
A A K L S K G F S R L E L M K Q I Q T Q
850 870 890
AATATGAGACAAACTCACTTTGTTACTGTCTTAGACATGCTCCTGCCTGAGGGAGCTACT
N M R O T H F V T V L D M L L P E G A T
910 930 950
GATCATTATTTCACTGATTTGGTTGGCCTTGTTTCCACGTCGCATGCAGAACGTGACCAT
pD.H Y F T DL V G L V $§$ T S H AU ET R D H
970 9390 1010
TTCTTTATAAGACCAAGATTCCCAATCTTTGGAGGT TGGAACTACAATTTTACTGTCGGT
F F I R P R F P I F G G W N Y N F T V G
1030 1050 1070
TGGACTAATAARTTGTCCGATTTCTTGCATGTATCCTCTGGCTCAGACGAGAAATTCGTT
W T N K L S D F L HV S 8§ G S DE K F Vv
1090 1110 1130
GCTTCTATCCCAATTCTAAACGGCCCACCGGACACTGTATATGATAATGTTGAATTATCG
A S I P I L NG P P D T V Y DNV E L 8§
1150 1170 1190
GTATTTCTTCCGGAAGGGGCCGAAATATTCGATAT TGATTCTCCAGTCCCTTTTACAAAT
VF L PEGA AETIVFDTIUDSUZPUVU©PTF TN
1210 1230 1250
GTTTCTATAGAAACCCAGAAATCATACTTTGACCTAAATAAAGGTCACGTTAAATTAACT
¥y § T ET Q K S Y F DL N K G H V K L T
1270 1290 1310
TTCAGTTACAGAAATTTGATTAGTCAAGTTGCCAATGGCCAAGTCTTGATAAAGTACGAC
F S Y R N L I $§$ Q V A NG Q V L T K Y D
1330 1350 1370
TACCCGAAAAGCTCTTTTTTCAAGAAGCCTCTGTCTATTGCTTGCTATATTTTCACCGCA
Y P K §$ s F F K K P L S I A .C. Y I. F.T_A
1390 1410 1430
CTAATGGGAGTTTTTGTCTTAAAAACTTTGAACATGAACGTAACTAACTGAGTTCACGTT
L.M.G. .V E..¥V. X K T L N M N V T N *
TGAATGATATATACCTTATGATGCAGAGCAATAAATTCAGTATTTAATTTTTTATAAGTT
TTATAGATAAGAATTTTCCAATGAATAAAGGTATTTACAATCATTTCCTAGACATTCTCG
TGGTCTTTTCTTTGCACAATCAATGGTCATAGTTTTTTTTGTTTAGTAGT T TAAGGACAG
AAGAATAACAAAGATGTTCACGTTTTGAATGTTACCAGACATTCTCAGATTCATCCTTTA
ACCTAGCGACGCGCACAGGCTCCCAATCCTCTTCAGAAAGACCT TGTAAACGATAATATT

Fig. 2 (continued).
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product was isolated and cloned; a partial sequence of this
clone was consistent with the three sequences obtained from the
64 kDa glycoprotein. Probes synthesized from the 850 bp PCR
product as a template were used to screen a AYES yeast
genomic library [22]. One hybridizing A phage with a 3.7 kb
genomic insert was selected for further study.

The sequence of the 3.7 kb region revealed one long 1.4 kb
potential open reading frame (see Fig. 2A) and one shorter
potential open reading frame; the long open reading frame was
assigned to the NLT1 gene. Approximately 1 kb of the sequence
upstream of the NLT1 open reading frame is 98% identical to
the nucleotide sequence upstream of the previously sequenced
PRE3 locus [25]. The PRE3 locus contains the entire sequence
of CENI0, thereby positioning the start of the NLT! open
reading frame 1.4 kb downstream of CENI0 on the right arm
of chromosome ten of Saccharomyces cerevisiae. In addition,
the final 400 bp of the 3.7 kb genomic clone are 100% identical
to 400 bp from the previously sequenced CDC35 locus [26],
placing the CDC35 locus further downstream of the NLT/ gene
also on the right arm of chromosome ten.

3.2. The NLT1 gene encodes the 64 kDa glycoprotein

The 1.4 kb open reading frame of the novel NLTI gene
encodes a 476 amino acid 54 kDa polypeptide (see Fig. 2B). The
amino acid sequence includes the exact sequences of peptides
64-1 and 64-2, and it includes all but two of the amino acids
of peptide 64-3 which was sequenced at the limits of detection.
The sequence matching peptide 64-3 is found immediately up-
stream of the sequence matching peptide 64-2; evidently, the
cyanogen bromide fragments co-migrated when analyzed by
SDS-PAGE because of incomplete cleavage at Met-193, the
first residue of cyanogen bromide fragment 64-2. With the
exception of two unclear residues out of 44 sequenced, the
predicted sequence of Nltlp from the yeast genome exactly
matches that obtained from the 64 kDa glycoprotein subunit
of the oligosaccharyl transferase. Based on extensive agreement
between the translation of the NLT! gene and the amino acid
sequences obtained from the 64 kDa glycoprotein, we conclude
that Nltlp is the 64 kDa glycoprotein subunit of the oligosac-
charyl transferase.

Hydropathy analysis [27] of the Nltlp amino acid sequence
reveals two potential transmembrane hydrophobic regions. At
the carboxy-terminus is a potential transmembrane domain
followed by a short soluble tail. At the amino-terminus is a 22
residue signal peptide cleaved by the endoplasmic reticulum
signal peptidase. The amino-terminal amino acid sequence for
the 64 kDa glycoprotein (see Fig. 1) begins at residue 23 of the
sequence derived from the yeast genome. In addition, a predic-
tive weight matrix for the site of signal peptidase cleavage [28]
indicates that the most likely site of signal peptidase cleavage
is between residues 22 and 23 of the unprocessed protein. The
predicted structure of the Nltlp is that of a type I membrane

«
Fig. 3. Nltlp is homologous to the mammalian ribophorin I. The
sequences of the yeast Nltlp and the human and rat ribophorin 1
proteins [12,13] were compared with the program PRETTYPLOT
(Computer Group, European Molecular Biology Laboratory, Hei-
delberg, Germany). Nitlp shows significant amino acid similarity and
identity to the amino-terminal domains of the mammalian proteins.
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protein with a large 435 residue soluble domain anchored in the
membrane by a carboxy-terminal hydrophobic domain.

The amino acid sequence includes six potential glycosylation
acceptor sites (see Fig. 2B); one of these sites is in the amino-
terminal signal sequence and would not be present in the ma-
ture glycoprotein. Glycosylation of the remaining five sites
would yield a mature glycoprotein of 62-67 kDa. The observed
doublet of bands near 64 kDa 5] would suggest that the mature
Nitlp is partially glycosylated and functions in vivo as two
glycoforms with three or four oligosaccharides.

Nitlp is conserved in higher eukaryotes. The protein shows
59% amino acid similarity and 32% amino acid identity to the
mammalian ribophorin I protein from a human cell line [12];
it also shows 56% similarity and 30% identity to the rat ri-
bophorin I [13] (see Fig. 3). The amino acid similarity extends
throughout the sequence of Nitlp; it is not concentrated in any
one region of the protein. However, the mammalian ribophor-
ins are approximately 130 amino acids larger at the carboxy-
terminus than Nltlp. Whereas the mammalian ribophorin 1
proteins have extensive soluble domains on either side of a
potential transmembrane helix, the yeast Nltlp includes only
a single soluble domain on the amino-terminal side of a poten-
tial transmembrane anchor. The canine ribophorin I protein
was purified as a subunit of the mammalian oligosaccharyi
transferase complex, and the other two identified components
of the yeast enzyme show homology to the other two subunits
of the mammalian enzyme. Hence, the oligosaccharyl trans-
ferase is conserved throughout evolution from yeast to mam-
mals.

3.3. The NLTI gene product is essential for vegetative growth

Yeast strain RPYS was constructed with one intact and one
partially deleted copy of the NLTI gene. To construct this
strain, the 800 bp fragment between the Stul and Mscl sites
within the coding region of the NLTI gene was replaced with
a 1.1 kb DNA fragment containing the selectable URA3 gene.
Southern blotting confirmed that one genomic copy of the
NLTI gene was intact and the other contained a stable deletion
and insertion (data not shown). The diploid strain was sporu-
lated, and tetrads were dissected; segregants with the NLT/
deletion were not viable, indicating that the gene is essential for
vegetative growth of yeast. Spores containing the deletion ger-
minated and grew to colonies of only 2—4 cells, and spores
carrying the deletion and a copy of the NLT/ gene on an
episomal plasmid were viable.

4. Discussion

Here we report the cloning and characterization of the yeast
NLTI gene. This gene encodes the 64 kDa glycoprotein subunit
of the oligosaccharyl transferase complex, and it is the third
oligosaccharyl transferase gene to be cloned from yeast. The
WBPI gene encodes the 45 kDa subunit of the complex [9], and
the SWPI gene encodes the 32 kDa subunit [8]. Preliminary
experiments indicate that simultaneous expression of the three
genes does not yield a significant increase in transferase activity
(R.P. and B.L., unpublished data); evidently, characterization
of the enzyme will require the cloning and expression of at least
one more gene responsible for oligosaccharyl transferase activ-
ity. Previous studies have isolated the enzyme as a tetrameric
[5,6] and a hexameric [7] complex of polypeptides. The genes
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encoding the 34 kDa and perhaps the 16 kDa and 9 kDa
polypeptides which co-purified with oligosaccharyl transferase
activity should complete the genetic description of the enzyme.

The amino acid sequence of the 54 kDa Niltlp is consistent
with that of a type I transmembrane protein. A soluble amino-
terminal domain comprises most of the protein. This domain
is followed by a potential transmembrane helix and a short
soluble carboxy-terminal tail. The amino-terminal domain con-
tains four potential glycosylation sites which are consistent with
the 64 kDa apparent mobility of the mature glycopeptide and
the tight binding of the intact oligosaccharyl transferase com-
plex to a concanavalin A affinity matrix [5]. Both Wbplp and
Swplp have their extensive amino-terminal soluble domains in
the lumen of the endoplasmic reticulum and carboxy-terminal
membrane anchors; Wbplp has one potential transmembrane
domain while Swplp has three [8,9]. If Nltlp has a similar
orientation relative to the endoplasmic reticulum membrane,
then a model of the oligosaccharyl transferase emerges as that
of a large, complex luminal domain anchored in the membrane
by five or more transmembrane domains. These transmem-
brane domains could be involved in the translocation of nascent
polypeptides from the ribosome across the endoplasmic reticu-
lum membrane or in the recognition of the dolicholpyro-
phosphory! oligosaccharide substrate of the enzyme. Although
the potential transmembrane domain of Nltlp does not show
homology to the putative dolichol binding consensus amino
acid sequence [29], recent studies have shown that the residues
of this consensus are not necessary for dolichol binding by the
yeast dolichyl-phosphate-mannose synthase [30].

The oligosaccharyl transferase enzyme is conserved through-
out eukaryotic evolution from yeast to mammals. The Wbplp
subunit is homologous to the 48 kDa subunit of the canine
pancreas enzyme [11], and the Swplp subunit is homologous
to the carboxy-terminal half of the ribophorin II subunit of the
mammalian enzyme [7]. In addition, the novel Nltlp is signifi-
cantly similar to the mammalian ribophorin I protein, the final
component of the purified mammalian complex. The homology
of the 54 kDa Niltlp is limited to the amino-terminal domain
of the mammalian ribophorin I; the mammalian protein has an
additional 130 amino acid carboxy-terminal soluble domain not
found in the yeast protein (see Fig. 3). The mammalian oligo-
saccharyl transferase might have evolved to include function on
the cytoplasmic side of the endoplasmic reticulum membrane,
and perhaps one of the remaining subunits of the yeast enzyme
will include a more extensive carboxy-terminal domain than the
three characterized polypeptides. Additionally, none of the five
potential glycosylation acceptor sites in the yeast Nltlp is con-
served in the mammalian proteins, and the mammalian proteins
are glycosylated at two acceptor sites which are not found in
Nltlp (see Fig. 3). Yeast glycoproteins tend to be more exten-
sively glycosylated than higher eukaryotic proteins; hence, it is
not surprising that Nlt1p has more glycosylation sites than the
mammalian homologues. However, it is surprising that none of
the glycosylation acceptor sites are conserved. This suggests
that the oligosaccharides contribute more to the overall folding
and solubility of glycoproteins and to their intracellular target-
ing than they do to their biochemical function.

The cloning of the yeast NLT1 gene, together with the WBPI
and SWPI genes, furthers the genetic understanding of the
complex and essential oligosaccharyl transferase enzyme,
These three genes and the genes that encode the remaining
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subunits of the enzyme will enable the biochemical examination
of the N-linked glycosylation of polypeptides in the endoplas-
mic reticulum of yeast cells.
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