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Abstract 

In the dolichol cycle for assembling dolichol-linked oligosaccharide (DLO), yeast dolichyl- 

phosphate-glucose synthase (DPGS), Alg5p, produces dolichyl-phosphate-glucose (DPG). Previously we 

investigated the physical interaction of Alg5p and demonstrated that it physically interacts with Dpm1p, 

Sec59p, Cwh8p and Alg7p, all of which are involved in the dolichol cycle. In this study, we further 

investigated the physical interactions of Alg5p with Dpm1p, Sec59p and Cwh8p in detail and successfully 

refined regions essential for each interaction on Alg5p. Our results strongly suggest that the physical 

interactions of Alg5p might occur on both N- and C-terminal portions. Namely, it was considered that the 

N-terminal portion of Alg5 is crucial for the interaction with Dpm1p, while the C-terminal portion is critical 

for the interaction with Sec59p and Cwh8p in addition to Alg7p and Alg5p itself.  
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1. Introduction 

 

    The assembly of dolichol-linked oligosaccharides 

(DLOs) on the rough endoplasmic reticulum (rER) membrane 

is conducted by a biosynthetic pathway known as dolichol 

cycle, which is essential for the protein N-glycosylation in 

yeast1-5). In the cycle, dolichyl-phosphate-glucose (DPG) is 

required for three luminal glucosyltransferases (Alg6p, Alg8p 

and Alg10p) as a donor substrate, and provided by DPG 

synthase (DPGS)6). Yeast Alg5p protein is the DPGS that was 

firstly identified and characterized in eukaryotes7)8).  

The yeast split-ubiquitin system (YSUS) is a technique 

which was specially devised for detection of physical 

interaction between two membrane proteins9-12). By using the 

YSUS, many interactions of membrane proteins have been 

successfully uncovered so far13-21). By using it, we have 

previously investigated the membrane topology of Alg5p and 

demonstrated that it had two transmembrane domains with 

both termini oriented toward the cytoplasmic side of the rER 

membrane22),23). We also investigated the physical interaction 

of Alg5p and detected its interaction with itself and four 

dolichyl-phosphate (Dol-P)-related enzymes (Dpm1p, Sec59p, 

Cwh8p and Alg7p) in the dolichol cycle22),23). Dpm1p is 

dolichyl-phosphate-mannose (DPM) synthase (DPMS), 

which shares Dol-P with Alg5p as an acceptor substrate24)25). 

Alg7p is GlcNAc-1-P transferase (GPT), which also utilizes 

Dol-P as an acceptor substrate26). Sec59p is dolichol kinase 

(DK), which de novo produces Dol-P27). Cwh8p is dolichyl-  

 

 

 

pyrophosphate phosphatase (DPP), which also produces 

Dol-P28),29). In addition, we refined the regions which are 

required for the self-interaction of Alg5p and interaction with 

Alg7p by using several truncated Alg5p baits in the previous 

reserach22),23). Therefore, using novel truncated baits 

additionally, we also tried to refine regions on Alg5p, which 

are important for the interactions with Dpm1p, Sec59p and 

Cwh8p. 

 

2. Experimental Methods 

 

2.1 Construction of recombinant plasmids for expression of 

truncated Alg5p baits 

In our previous study, we prepared five bait recombinant 

plasmids (bait constructs) for expression of truncated 

Alg5p23). One of them, pBT-C-ALG5HR2 was again used in 

this study (Fig. 1). In addition, six novel bait constructs were 

prepared as follows. PCRs were performed using forward 

primer AG5_fw and each of reverse primers (AG5HR1_rv, 

AG5LR2_rv, AG5HR2_rv and AG5LR3_rv) by standard 

method30) and then amplified DNA fragments were cloned 

into the pBT-N vector to generate pBT-N-ALG5HR1, 

pBT-N-ALG5LR2, pBT-N-ALG5HR2 and pBT-N-ALG5LR2, 

respectively (Fig. 1). In addition, PCRs were performed using 

forward primer (AG5ΔN10_BPfw or AG5ΔN10_BPf) and 

reverse primer AG5_rv by standard method30) and then 

amplified DNA fragments were cloned into the pBT-C vector 

to generate pBT-C-ALG5ΔN10 and pBT-C-ALG5ΔN33 bait 

constructs, respectively (Fig. 1). PCR primers are listed in 

Table 1 and DNA cloning was conducted according to the 

same procedure as previously described31),32). 
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2.2 Assays for the physical interaction of Alg5p 

In our previous study, three prey recombinant plasmids 

(prey constructs), pPR-N-DPM1, pPR-N-SEC59 and pPR-N-  

CWH8, were prepared for expression of full-length Dpm1p, 

Sec59p and Cwh8p, respectively23). 

Each of the six novel bait constructs mentioned above 

was combined with each of the three prey constructs, then 

they were used for co-transformation of yeast NMY51 

strain33). After the co-transformation, the co-transformants 

grown on the synthetic dextrose (SD) medium lacking leucine 

and tryptophan (SD-LW) were subject to growth examination 

on the SD medium lacking leucine, tryptophan and histidine  

 

 

(SD-LWH) and SD medium lacking leucine, tryptophan,  

histidine and adenine (SD-LWHA) according to the manual 

supplied by Dualsystems Biotech (www. dualsystems.com). 

 

3. Results and Discussion 

 

3.1 The physical interaction of truncated Alg5p with Sec59p 

and Cwh8p 

First, we examined growth of co-transformants with 

pBT-N-ALG5LR3 bait construct (Fig. 1), which would 

express N-terminally tagged Alg5/LR3p lacking the third 

hydrophobic region (HR3) and the fourth loop region (LR4). 

In our previous analysis, it has been demonstrated that 

C-terminally tagged Alg5/LR3p could physically interact 

with Dpm1p, Sec59p and Cwh8p preys23). As shown in Fig. 

2A, co-transformants expressing Dpm1p and Cwh8p 

normally grew on two selective media (two red frames), but 

those expressing Sec59p displayed reduced growth on two 

selective media (a green frame). This result indicated that 

HR3 of Alg5p was at least partially related to the physical 

interaction with Sec59p.  

Next, we examined growth of co-transformants with 

pBT-C-ALG5HR2 bait construct (Fig. 1), which would 

express C-terminally tagged Alg5/HR2p lacking the third 

loop region (LR3), HR3 and LR4. As shown by a red frame in 

Fig. 2B, co-transformants expressing Dpm1p were able to 

grow on two selective media (a red frame), but those 

expressing Sec59p or Cwh8p were not (a blue frame). 

Subsequently we examined growth of co-transformants with 

pBT-N-ALG5HR2 bait construct (Fig. 1), which would 

express N-terminally tagged Alg5/HR2p. As a result,  

co-transformants expressing Dpm1p or Cwhp1p were able to 

grow on two selective media (two red frames in Fig. 2C), 

while those expressing Sec59p were not (a blue frame in Fig. 

2C). These observations clearly indicated that LR3 of Alg5p 

was critical for the interaction with Sec59p and partially 

contributed to the interaction with Cwh8p.  

Co-transformants expressing Cwh8p with N-terminally 

tagged Alg5HR2p survived on the selective media (a lower 

red frame in Fig. 2C), but those with N-terminally tagged 

Alg5LR2p lacking HR2 seldom survived (a blue frame in Fig.  

Primer name Nucleotide sequence Purpose 

AG5_fw22) 5’-tgtaatggccattacggccATGAGAGCGTTGAGATTCCTGATTG-3’ 
Cloning of C-terminally 
truncated ALG5  

AG5_rv22) 5’-gcctttggccgaggcggccCATTTCTTATTATCTCTATATATCCCTAA-3’ 
Cloning of N-terminally 
truncated ALG5 

AG5HR1_rv23) 5’-gcctttggccgaggcggcCGAAAATAAATAGACCAATAAATACAGTG-3’ 
Cloning of ALG5 from 
N-terminus to HR1 

AG5LR2_rv23) 5’-gcctttggccgaggcggccgaGTTTCTTATCATTGATCTCTTTATGACG-3’ 
Cloning of ALG5 from 
N-terminus to LR2 

AG5HR2_rv23) 5’-gcctttggccgaggcggccgaTGTGTCTTTGATAGACCTGATGCCG-3’ 
Cloning of ALG5 from 
N-terminus to HR2 

AG5LR3_rv23) 5’-gcctttggccgaggcggccGCCATCTTAGAGCCATCAACCTC-3’ 
Cloning of ALG5 from 
N-terminus to LR3 

AG5ΔN10_BPfw 5’-tgtaatggccattacggccatgAGAAACACTGTCTTTTTTACGCTCTTAG-3’ 
Cloning of ALG5 from HR1 
to C-terminus 

AG5ΔN33_BPfw 5’-tgtaatggccattacggccatgTCGCATACACCAAGGCCGCCATATC-3’ 
Cloning of ALG5 from LR2 
to C-terminus 

Table I The PCR primers used in this study. Additional sequences containing a Sfi I- cleavage site are shown in lowercase letters. 

Fig. 1 Bait constructs used in previous and present studies. In 
structure of expressed Alg5p, bars and boxes indicate loop 
regions (LRs) and hydrophobic regions (HRs), respectively. 
Transcription factor VP16/LexA and Cub (C-terminal half of 
ubiquitin) are added at either N- or C- terminus of Alg5p. 
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Alg5LR2p lacking HR2 seldom survived (a blue frame in 

Fig.2D). This result means that HR2 of Alg5p would be also 

required for the interaction with Cwh8p, in addition to LR3. 

In contrast, LR3 should make no contribution to the 

interaction with Dpm1p (Fig. 2A and 2B). 

 

3.2 The physical interaction of truncated Dpm1p 

In order to further refine a region interacting with Dpm1p, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

we examined growth of co-transformants with novel bait 

constructs (pBT-N-ALG5LR2 and pBT-N-ALG5HR1) which 

would express the more truncated Alg5p. For analyzing the 

membrane topology of Alg5p, we have previously prepared 

pBT-C-ALG5LR2 and pBT-C-ALG5HR1 bait constructs 

which would express C-terminally tagged Alg5/LR2p ranging 

from N-terminus to the second loop region (LR2) and 

C-terminally tagged Alg5/HR1p ranging from N-terminus to 

the first hydrophobic region (HR1), respectively23). However, 

as it was demonstrated that LexA/VP16-Cub tag in these 

truncated Alg5p proteins was localized within the rER 

lumen23), these bait constructs were proved to be unavailable 

Fig. 2 Growth examination of co-transformants using 
pBT-N-ALG5LR3 (A), pBT-C-ALG5HR2 (B), pBT-N- 
ALG5HR2 (C) and pBT-N-ALG5LR2 (D) bait constructs. 
After the selection of colonies derived from the 
co-transformants on the SD-LW medium, their suspensions 
were diluted with sterilized water  and adjusted to the 
OD

600
 values of 1.0, 0.1 and 0.01 (from left to right). These 

diluents were orderly spotted on the SD-LWH and 
SD-LWHA media for reporter detection, and SD-LW media 
for growth control, and then incubated at 30 ºC for 2~4 days.  

Fig. 3 Growth examination of co-transformants using 
pBT-N-ALG5LR2 (A), pBT-N-ALG5HR1 (B), 
pBT-C-ALG5ΔN10 (C) and pBT-C-ALG5ΔN33 (D). The 
experiments were carried out according to the same 
procedure as described in the legend of Fig. 2. 
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for analysis of the physical interaction. Therefore, we newly 

prepared and used pBT-N-ALG5LR2 and pBT-N-ALG5HR1 

bait constructs (Fig. 1) which would express N-terminally 

tagged Alg5/LR2p and N-terminally tagged Alg5/HR1p, 

where LexA/VP16-Cub tags are oriented toward the cytosolic 

side, respectively. These co-transformants expressing Dpm1p 

were still able to grow on two selective media (red frames in 

Fig. 3A and 3B), suggesting that Alg5p should physically 

interact with Dpm1p via an N-terminal portion.  

Hence, we tried two additional bait constructs 

(pBT-C-ALG5ΔN10 and pBT-C-ALG5ΔN33) which would 

express N-terminally truncated Alg5p lacking the first 10 and 

33 amino acids, respectively (Fig. 1). Because the first loop 

region (LR1) consists of the first 10 amino acids, and HR1 

comprises the following 23 amino acids. As a result of 

growth examination, co-transformants with pBT-C-ALG5Δ

N10 could still grow on two selective media (a red frame in 

Fig. 3C), but those with pBT-C-ALG5ΔN33 could not (a 

blue frame in Fig. 3D). These findings obviously mean that 

LR1 of Alg5p is not required for the interaction and that HR1 

is necessary and sufficient. 

 

4. Conclusion 

  

In previous study, we detected the physical interactions 

of Alg5p with Alg5p itself, Dpm1p, Sec59p, Cwh8p. 

Moreover, we refined Alg5p regions interacting with Alg5p 

and Alg7p, but unsuccessfully refined those with Sec59p, 

Cwh8p and Dpm1p. Here, we could achieve the refinement of 

regions interacting with these three enzymes. Our data 

obtained from previous and present studies are summarized 

in Fig. 4.  

In the late stages of DLO assembly, both DPM and DPG, 

which are provided by Dpm1p and Alg5p respectively, are 

essential. For efficient progression of DLO assembly, these 

two enzymes might physically interact with each other, and 

share the common substrate Dol-P in a balanced fashion. Our 

result that Alg5p interacts with Dpm1p via HR1 (Fig. 4)  

well agrees with this purpose. By our previous topological 

analysis, it was revealed that HR1 of Alg5p serves as a 

transmembrane domain23). Therefore it is estimated that the 

interaction between Alg5p and Dpm1p would be rigider than 

that via non-transmembrane region. 

On the other hand, in order to effectively obtain Dol-P 

from two providing enzymes (Sec59p and Cwh8p), Alg5p 

might need to simultaneously interact with them via  a 

different region other than HR1. Interestingly, our data 

strongly suggest that Alg5p interacts with both via 

overlapping LR3, which is distal to HR1 (Fig. 4). Perhaps the 

interactions of LR3 on Alg5p with them would occur in a 

reciprocal manner. In contrast, the interacting region of 

Alg5p with Alg7p is another LR423), which would not 

interfere with Dpm1p and Sec59p/Cwh8p (Fig. 4). 

More interestingly, a self-interacting region of Alg5p 

extends from LR3 to LR4, which also overlaps with 

interacting region with Sec59p, Cwh8p and Alg7p (Fig. 4). 

This fact raises a possibility that complex formation would be 

competing among Alg5p, Sec59p, Cwh8p and Alg7p, on the 

rER membrane. It is estimated that Alg5p/Alg5p complex 

preferentially forms rather than other complexes, because the 

interacting region with itself is longer than others. To prove 

out the possibility, stoichiometric analysis of Alg5p- 

containing complexes would be required. 

We are now progressing analysis of physical interactions 

between Alg5p and the four enzymes by using prey 

constructs which would express truncated Dpm1, Sec59p, 

Cwh8p or Alg7p, to refine regions on them, which are critical 

for interacting with Alg5p bait. Together with those results, 

our research should be very significant for elucidation of 

multiple complexes centering Alg5p on the rER membrane. 
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