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Abstract

In eukaryotes, dolichyl-phosphate mannose (DPM) is an important compound for biosynthesis of glycoconjugates
in the rough endoplasmic reticulum (rER). Thus, the dolichyl-phosphate mannose synthase (DPMS), which catalyzes
the transfer of mannose from GDP-mannose (GDP-Man) to dolichyl-phosphate (Dol-P) to produce DPM is an
essential enzyme for cellular viability. In this study, first we investigated the physical interactions among the three
subunits, hDPM1, hDPM2 and hDPM3, which constitute the human DPMS, using the yeast split-ubiquitin system.
The results indicated that both termini of hDPM3 might closely interact with the N-terminus of the hDPM1 and
weakly interact with the N-terminus of hDPM2. Next, we explored the physical interactions of hDPM2 and hDPM3
with other enzymes involved in the assembly of dolichol-linked oligosaccharides (DLOs). The data obtained
demonstrated that both hDPM2 and hDPM3 might interact with the human dolichyl-phosphate glucose synthase
(hDPGS), dolichol kinase (hDK) and hALGY9 mannosyltransferase. These observations will provide useful
information for elucidation of the regulatory mechanism of glycosylation systems in the rER membrane.
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Fig. 1 Schematic presentation of structure and function of
the human dolichyl-phosphate mannose synthase.
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DLO) DAl < rER HREMLBE R OM O
FER 2 rRE )<, 2 b iR M OB A 1EH
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pBT-N-hDPM3, pBT-STE-hDPM3, pPR-N-hDPM3, pPR-C-
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Table 1 PCR primers used in this study.

Primer name Nucleotide sequence Purpose
PCR cloning of hDPM1 into
HsD1PN_fw 5’- tgtaatggccattacggcc ATGGCCTCCTTGGAAGTCAGTCG-3°
- pPR-N or pPR-C
PCR cloning of hDPM1 into
HsDIPN_rv 5’-gectttggecgaggeggcc TTATGTAGTAGCAAAAAGAGTCAATAATC-3’ pPR-N or pPR-C
PCR cloning of hDPM?2 into
HsD2BP_fw 5’-tgtaatggecattacggcc ATGGCCACGGGGACAGACCAGGTG-3’
all type of vectors used
PCR cloning of hDPM?2 into
HsD2BP_rv 57-gectttggeegaggecggcCTGAGCCTTCTTGGTCACTCTCTTGG-3 all type of vectors used
PCR cloning of hDPM3 into
HsD3BP_fw 5’- tgtaatggccattacggccATGACGAAATTAGCGCAGTGGCTTTGG-3”
all type of vectors used
PCR cloning of hDPM3 into
HsD3BP rv 5’-gectttggeegaggeggccCAGAAGCGCAGCCCCCTGCGGGE-3 all type of vectors used
PCR subcloning of hDPM?2
D2TM1 rv 5’-gectttggeegaggeggcCTTGTGGATGACATGCTGACTG-3 truncated version
PCR subcloning of hDPM3
D3TM1 rv 5’-gectttggecgaggeggcGCGGGCAGTGGCCACAGG-3 truncated version
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A L7 Cub (2 EF D CREE¥4)E Nub (&
FF O N Kugf/mo)RA Mg ciHasA L osplit-
ubiquitin #4E U HZ & TCLR—4 —HEBT HIS3 a6
ADE2 OFBNFEE SN T RAF Vv % KINT % e
FOAREE M SD-LWH R R F Vo 75 = %Kk
T2 iV OB ARG H SD-LWHA [ CHIJERIE L 72 %
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KO Fig3 1279, £9 hDPM2 XA h & L THW
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727 MEIwgnd, BEEFET LA O pDL-Alg5(Hika
BANC NubG # 7 &FE T 2) & oL H Tl E/EM
T B H(SD-LWH & (8 SD-LWHA)_I- T O 5l % A=
UF, BB 7 LA @ pAI-AlgSGHl IR M (2 Nubl % 7
ERBT D) OB CTIIE L CoENEEE T
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Fig. 2 Growth examination of co-transformants with bait /
prey constructs. The hDPM2 and hDPM3 bait constructs
were used in panel A and B, respectively.
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Fig. 3 Growth examination of co-transformants with bait / prey
constructs. The hDPM2, hDPM2S, hDPM3 and hDPM3S bait
constructs were used in panel A, B, C and D, respectively.
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& O pBT-STE-hDPM2 / pPR-N-hDPM3 FHFEHLRRIZET L T
SD-LWH & O SD-LWHA k5 -C oo s 5E I 2R3 # 52 &
7= (Fig2A). 2 N 5 OFER 5, hDPM2 @O N K & C
Ui it 7 1%, hDPM3 @ N Kdis & M ERRICHH E/ER L T 5
T EDURM SuTe. Rk LR IE E VT A R
By 72 AT O WS CTIE, rER REEY 7 2=v FTH D
hDPM2 [ZMHAE Y 7 == N Th % hDPMI & LB HEfE
AL TVWARWI EREIESN TN 9 B split-
ubiquitin ¥ A7 AT K DA RO & OfEHTTH hDPM2
~NA k / hDPM1 7 LA O FHFEHFIT SD-LWH K
SD-LWHA 5 #ft - THIFE M & 7~ S 727> 5 72 (Fig. 2A).

RIZ, hDPM3 XA k& L CHWEHETH, hDPM3
D N K k O C RisIMEEMIZEm L TnWbd Z &R
pDL-Alg5 & U pAL-Alg5 DX T LA & D H38H Ik D
FEVE D B FF OVERR & 17z (Fig. 2A). % L T pBT-N-hDPM3
/ pPR-N-hDPM1 L5 B kK & Y pBT-N-hDPM3 / pPR-N-
hDPM2 H:FEBRRIZEY L C SD-LWH K O SD-LWHA £ it
ECHIBEME S WL S 7z Z L 9 5 (Fig.2B), hDPM3 @ N K
HilX, hDPMI1 % O hDPM2 [ 5 D N K & FRAAEH L T
WA Z LR ENTZ. & 5T, pBT-STE-hDPM3 / pPR-
N-hDPM1 5 Bikk, pBT-STE-hDPM3 / pPR-N-hDPM2 i
FHEECTHRBEOHEBEMEN R LN 2 & 25 (Fig.2B),
hDPM3 @ C Kt J57 4, hDPM1 K& U hDPM2 i J7 ¢ N 2R
U EAHBEAERA L TWD Z EmRBE Tz,

S LIZARWIIE T, £ Z 4 hDPM2 &% ("hDPM3 D 552
B B A B ONCOR SR A IR L L — Ik A R R L Tz
hDPM2S }x "hDPM3S % #8425 2> A 7 7 k& {EH
L, WO BEAEH O % 1T o 72 (Fig.3). £ DFER,
hDPM2S & "hDPM3S DN i 13, RAEBRIEIC L D DR
AP L Z A TR W (TR b bRk & L TRtk g )z
B9~ %) 2 & 23, pDL-Alg5 & UpAI-AlgSDOX R L A &
D LR B O B FEVE D D 78 S A7z (Fig. 3BK UD). N
Z T, pBT-N-hDPM3 / pPR-N-hDPM2SI:F Hi % K& OpBT-
N-hDPM2S / pPR-N-hDPM3 35§ BUEK “C 13 5 5l P 23 1 HH &
U, hDPM2S{3#8% & L CThDPM3 & OFH B AE M % #E 45 v]
RETH DI EMNREINT(Fig3BRTC). T72bb i
5 05 F 1%, hDPM2 O N o0 55 1 5 & 188 58 4k 23,
hDPM3 & O E/ERICEE THLHZ LR LTN5D.

—J7C, hDPM3SD 1> A b 7 b &4 L 7= Bl ik
5E ClE, hDPM1} C"hDPM2 & 0 58 LR 12 SD-LWH & (Y
SD-LWHAE it |- CHIFHME 2 42 < 7R & 72 hr o 7= (Fig.3A, B
KDY, Z U5 Ol B, hDPM3 oD 45205 & i 5 1 & T C
RIFMIEE L — 7R O &5 5 nd B i 5 3o Y
o=y hEOHEERICHNATHD Z EE2RBEL T
D.

4. hDPMS & DLO A SR EAERR LD
Y EE1E A

eV T, DLO A& HIC@ < 6 FiHOBER B R R i 4 7
LA L LA OBERE split-ubiquitin & 2 7 A2 & 5
W ORE R % Fig. 4 KO Figs5 IR, W7 LA 2w

Bails \
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Fig. 4 Growth examination of co-transformants with bait / prey
constructs. The hDPM2 bait constructs and prey constructs of
various glycosyltransferases involved in DLO biosynthesis were

used.

/ Baits \
pBT-N-hDPM3 pBT-STE-hDPM3
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K = SmM 3AT LGN w B0mM IAT B80mM3AT

pOLZ-Alg5
pPR-N-hGPT
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pPR-N-hDK1
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Fig. 5 Growth examination of co-transformants with bait / prey
constructs. The hDPM3 bait constructs and prey constructs of
various glycosyltransferases involved in DLO biosynthesis were
used.

A NT 7 MZEBWT NubG # 7 %1 L 7= K 1%, Cub
AT HEMAMUEESRAS ha v A NT 7 FEFBRT LA
(pDL-Alg5 & 7213 pAI-AlgS) D IR FLRE D fENTIZ L 0 ER
IO RNCEL T 5 2 & ABEICHREShTWVn5 .

hDPM2 XA ha v A b7 7 MIfH L7254, pBT-
N-hDPM2 / pPR-C-hDPGS 3 HikE, pBT-STE-hDPM2 /
pPR-N-hDK 1 58 HEE, pBT-STE-hDPM2 / pPR-N-hDPGS
HFE B B O pBT-STE-hDPM2 / pPR-N-hAlg9 #:5& HiL kR ©
SD-LWH K ' SD-LWHA #5# | TOHEFEMED R &7z
(Fig.4). 25 DOFER 5, hDPM2 @ N Kt (X hDPGS O
C Kt &, £72 hDPM2 @ C Euild, hDKI, hDPGS, kY
hALGY9 O N KM EMHAAEHA L TWD Z ERRBEE 7.

WIZ hDPM3 24 ha v 2 M5 7 MOER L84,
pBT-N-hDPM3 / pPR-C-hDPGS, pBT-N-hDPM3 / pPR-N-
hAlg9 I:%& BikE, pBT-STE-hDPM3 / pPR-N-hDKI, pBT-
STE-hDPM3 / pPR-N-hDPGS &% O} pBT-STE-hDPM3 / pPR-
N-hAlg9 I HkE THIFEME S L 5 7= (Fig.5). 2 bH D
f 7> 5, hDPM3 (L i K f L %/ L C hDPGS K O}
hALGY L E#ICHE/EA L, NEWIZE 512, hDKI &
HAHAEERA LTS Z EBNRIE STz,



PLEDki B %2 £ &5 &, hDPM2 } T hDPM3 O jili &
L % hDKI, hDPGS X% O hALGY & rER % _E CT#E (2R
WL TS Z LRI N7Z. hDPMS BEEE A IRICB W
T, FREEERAL MM AR I\ TFE S B hDPMIL FIC & £ 5
23, rER IEIZJFTE 9 5 hDPM2 & O hDPM3 I, AK[E#HE D
ZRWEETH Y rER EHFIZIFFET 2 Dol-P # R4 5
Z LIV TWUWS.Z D Dol-P ZEAT D DA hDK1 T
H5H L5 rER P TAARK E L7z Dol-P &= 203 L <
FI A9 % 7= 612, hDPM2/hDPM3 # & 4 1% hDK1 ¥ 512
FIET D 2 L MARERMERNSME SN S . 7=, hDPGS
t DKI1 23 A9 5 Dol-P # R E L LTHAHLD
<>, hDPMS & 5078 L T DLO =& A% = Tl < bliifis i 1
FHICHE (DPM X O DPG) 2 8tk T2 M E R H D Z &
"5, hDPGS & OB AR B A 13D CTHER & 5 2%
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EHICAMERER LY, DPM 2RIHT 2 3 fEO~
J — A#E B W % (hALG3, hALGY, % 8 hALGI2)D 1 T
hDPM?2 & Of hDPM3 (%, hALGY IZ5%F L T D 45 B A I A
FEHLTWD Z ERRB Sz, $5I2 hDPM3 12 L
TIiE, WA E B hALGY \Zxt 3 2 AEMA KR S
72 Z L 75, hDPM3 % hALGY (Z%F L C hDPM2 L ¥ 3T
FRIZREL TWD Z ERNEEIND. Fox OREKD YT
A5 CIE, hALG3, hALGY, X% O hALG12 @ 3 B[R] Tl
hALG3 & hALGY &% O hALGY & hALG12 Rz iEgmw
MAEAERZBHE &N 722%, hALG4 & hALG12 B IE5 W
MAEEH LML EhR2ho7 Y 206 0B RIT,
3 FEHED hALGY Z HLICHE AR E A L T 5 ARk
AR LTNDS, SEIOFE LI TE XS L, hDPMS
I%, = ® hALG3/hALGY/ hALGI2 A KD H1 T HL
7% hALGY 1Zxf L TR EMICHAEER T2 2 & T, Bk
HARFEE L 705 DPM %= K <R L TW 5 Al REPE A
EZOND.
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>~ k hDPMI1, hDPM2 }, () hDPM3 7> Sk S 5 EA K
ELTBREEERETLI 0D, TOMEREEOH
HitgE O 2 B & L CEEFRE split-ubiquitin > A 7 A
EFMALT, 3 2OV 7=y NEHOMIHELIER L
fit> DLO A& kB EESR & O W EL AR AAEH O30 &
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*hDPMS ® 3 2O ¥ 7 == v ] TiX, hDPM3 % H [
ELCHEEEAREZEMR L TEBY F51C hDPM3 O 2 K
Em I M O C-R At i & L — 7 i E, hDPM1 K O
hDPM2 & O AAEHIZARFAI R TH 5.

« rER E{Z 3T hDPMS & DLO A A % £ #1128 <
hDK1, hDPGS } ' hALGY & BRI EAER 3 5 Z &
W&V, 2B < DLO A& K OMET 217> T d.

hDPMS i, rER T® DLO LSt O FFEE A Y AT A
2B < e L bW ELAYICHR BRI LT D ATREME AN -4
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EDOXORBEGETHEERIND DD, ETFDLFELE
HI 2D L0 RPEENTAET 200 E 20 EMHAT 5
720, RAFETELNTZMAITARRERICKR D LE
265, A%, BERE split-ubiquitin & A7 A& FIF LT
hDPMS & DA B S AT L DEEE & OWELHIAH
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