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Analysis of enzyme activity and substrate specificity of
dolichyl-phosphate B-glucosyltransferase

LI Ruijie, HU Yun, SHANG Erfei, GAO Xiaodong, WANG Ning"

School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Protein folding and quality control processes primarily occur in the endoplasmic
reticulum (ER). ER-resident molecular chaperones play a crucial role in guiding nascent
polypeptides towards their correct tertiary structures. Some of these chaperones specifically
recognize glucosylated N-glycan moieties on peptide. It is of great significance to study the
N-glycan biosynthetic pathway and glycoprotein quality control system by analyzing the sugar
donor of ER luminal glucosyltransferases, known as dolichol phosphate glucose (Dol-P-Glc), or
its analogues in vitro. In this study, we investigated a range of dolichol analogues to synthesize
lipid phosphate glucose, which served as substrates for dolichyl-phosphate B-glucosyltransferase E
(AlgSE) derived from Trichomonas vaginalis. The results demonstrated that the recombinant
Alg5SE, expressed in Escherichia coli, exhibited strong catalytic activity and the ability to
recognize lipid phosphate glucose with varying chain lengths. Interestingly, the enzyme’s
catalytic reaction was found to be faster with longer carbon chains in the substrate. Additionally,
Alg5E showed a preference for branched chain methyl groups in the lipid structure. Furthermore,
our study confirmed the importance of divalent metal ions in the binding of the crucial DXD
motif, which is essential for the enzyme’s catalytic function. These findings lay the groundwork
for future research on glucosyltransferases Alg6, Alg8, and Algl0 in the synthesis pathway of
dolichol-linked oligosaccharide (DLO).
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FUZANME R N-BEEARES IR T P 5T (endoplasmic
reticulum, ER) "' £ ijifi B 5% B# (dolichol-linked
oligosaccharide, DLO)RT&AY & >, DLO &
WE SR ETE ER MBI, Tkl B AL M 0 1
HTHN 5 A H # B (mannose, Man)ZE A H (1]
kK Man5Gn2-PP-Dol", #i#;ilE A ER FE N )5 4k
SEVRIN 4 4~ Man 4 i Man9Gn2-PP-Dol, [i)5
DA Z2 il B 5% 4 25 B (dolichol phosphate glucose,
Dol-P-Gle) Wik, Hy Alg6. Alg8 F1 Algl0 ix 3 4~
AR R L ) Gle3Man9Gn2-PP-Dol ™,
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WEBETE T LR R B A 1L T % A2 3 2k 2 ik
R PRSI Asn FRIEE IR SOBERKTY. ER
O T PEAR 5% 2 M (calnexin, CNX)HIES K & H
(calreticulin, CRT)Z 5 E A R EE G &5
WA 2 e AU, REREANITE.

Hammond 251215 B N-HGE 0 0 AL 1L 2
WEMAEYFEL, RAEREmE 1 %
B N-BESERT LABE CRT/CNX UM HEA
FimiEHl RS, Bl AERKNIERTE. £
il B B~ % WL % #2 [ (dolichyl-phosphate
B-glucosyltransferase, Alg5) /& IRKEBEIRE GT-2
FEHEE M, W THERMAERE—M, 7£ DLO
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HT AR A W & Bl a8 45 v i AL A 2 B (glucose,
Gle) % 2 M R = % B2 % 49 ¥¥ (uridine
diphosphate glucose, UDP-Glc) [1] £ iifi % B ik
(dolichol phosphate, Dol-P) i # % , £ i
Dol-P-Glc (&l 1). Dol-P-Glc 1 Al 5Lt {4 B 4
Z 5 N-WEEE A 1L, itk Dol-P-Gle 1)
RECHT Algs 2 R BIFSE 0T T A% &5 1 5T N-H
e A HITES S v

Dol-P-Gle A= ¥ & i B9 i 52 7T LA 3B ) 3]
20 42 70 44, Behrens 5% 3K BT 43
LA B G 3 v A A i AT DA A i 4G B R
Hm g, BEERERINZ AN
FIE L v 52 3 ER [ 43 A Dol-P-Gle 1Y &
T 1994 4 BIFSE N BUE R FEBP EE B v
U M O R 22 T IR IR B- A 2 W L B Tl 110
algs"®, Bfif5 Grabinska 2R sh FiE %A
T BH iE E 7% & (Trichomonas vaginalis) >k I 1
AlgSE, HiZBEHE M N WmfrEB e, £k
AR, AifbIRE, TR 25 BE(dolichol )i %2
MG R SR E, S5m0 4% . KR, X
#RER ] T Dol-P-Gle 11l £ S AH AT . H It
Ft & Dol-P-Gle WM S &bl 25 7 s i
— 2 HF9¢ DLO & MU 1 K8 . T, Bloch

P
UDP-@
—_—
Alg5 P
Dol-P %
Dol-P-Glc
Alg6

%

Man9Gn2-PP-Dol

%

Gle1Man9Gn2-PP-Dol

PR AT SRS AMRIET)
BB WiBERY Dol-P-Gle 2514 Dol25-P-Gle, Jfilk
W AT DIV B MR IR A G Alge B LIt
A4 2E B Gle1Man9Gn2-PP-Dol, {HAL# &
BT VRIS 2%, W5 B AR R A 3 R T A
ez iy sl , FECE PR R . AL E
B 20 A 04 S D B AR JE B (phy tano ) E R
dolichol LY, IMEM T DLO itz A
A Man9Gn2-PP-Dol [ i 2 B, [A i #E
phytanol 1] LAEEX dolichol T il £ % % 4
SEAV ROV AR SRR . A58 44 phytanol
TE N I 25 14 (&7 B0 B8 D 4G dolichol, A AK
A LA Sy i 260 W 2 57 B LA 1) Dol-P-Gle 28
L7/

1 #eE5FiE

1.1 #8
1.1.1  BE#RFARR

KIAFEE TR Bk DHSa, ik Bk
Rosetta(DE3) hy 52 6 = PR A7 5 il 4% 3 3K Ji ki
pET30a, WFIL i REERHEARAT; 519
B B AR IR, R FRA YR
A BRA F 58

@ Mannose (Man)
@ Glucose (Gle)
B N-acetyl glucosamine (Gn)

% Dolichol (Dol)

1 Alg5 1 Dol-P-Gle Y% B K Alg6 1L B B HEE L R L2

Figure 1
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The formation of Dol-P-Glc is catalyzed by Alg5, and the glucosylation reaction is catalyzed by Alg6.
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1.1.2 E5HFE

LB HiFr 2 (g/L): E R 10, BEEHEEY) 5,
FALHT 10, SRR 20 (RfAKEFRAL); TB Kt
H(g/lL): BEM 12, BEEHEEY) 24, B2 A
A2, BERREA AN 9.4, 121 °C KA 15 min,
HR A S 6 7 S I A B2 2y 50 pg/mL B -RIF %
% (kanamycin, Kan),
1.3 FEiKFH

A 91iR57] . PrimerSTAR GXL & {# K PCR
fi## . BluePlusll Protein Marker . 1 kb DNA
Ladder., PR 14 A UIRE BamH R Not I, 4 H 5
AW T RE (R %) A R/ 7] 5 One Step Cloning Kit
[l 2H W, T e st o 4E e A R Ry
FRAF]; Gel-green Plus # R4kl . SDS-PAGE
B BER AN & . BCA B R o 3 71
SN GE BN KT AR Anti-His Mouse mAb
Goat Anti-Mouse IgG HRP, Wy Fi#ZE < K4
WEARA R A 5 5 N 3k -B-D- B A2 FL B
(isopropyl-B-D-1-thiogalactopyranoside, IPTG).
DNA Ji& IR 7] & F1 DNA /N R4 R £
Wy A A T AR TR () A A PR W) IR
ol UDP-Gle, W H R DUBEE 25 A7 FR A w .

1- + — ¢ ¥ (dodecanol, Dod) . ¥ JE %
(farnesanol, Far) ., 1- 75 %¢f¥ (hexadecanol, Hex) .
i JE % (solanesol, Sol). I BEANHEER — S PUHKL
T, WA Adamas 24 AP KEEE (phytol), =
A LNEFN(S)-binap-RuCl, (p-cymene), 4 H TCI
AF]; TLC fEft, W H Merck 2] ; BHES T
TG (AG S0W-X8), I A Bio-Rad /A ],

Hoptw PR A b 255
1.2 7%
1.2.1 EXAFFI pET30a-algs5eATM FiERT
kL B 2

M Uniprot & 3] T. vaginalis K i A9 AlgSE
FE ¥4, F NCBI fY TBLASTN T HAGZRGE
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AlgSE R4, 4K 978 bp., Jil DeepTMHMM
(https://dtu.biolib.com/DeepTMHMM) # 17 & [
JoT 5 R ZE AR S A BT, AR IES IEBRS N 79 bp FF
WRILH G K, HAE S A 375643 35| A CCATG
GCTGATATCGGATCC Fl GCGGCCGCACTCG
AGCACCA £ 20 bp 1Y [A] R . ¥ pET30a 25 %
Bk BamH TH1 Not IXUGE] , 7 1) 28 158 [l i 5
PL20 ng L A BE, 5 ng 8 A BL, 1 uL One
Step Cloning Kit F LM, MAK#ME 5 uL AR,
50 °CJZ v 10 min, $ A KAFF 1A DHSo %32 25
Je DT A BRECE s e E A TR 7% PCR IE, ik
Hh BH P B v R S R AT I I o D TR 1 3
fill EFHEE LM PCR i ARIEATHRH A 2 AR
A, i R T B R T I A A
1.2.2 EFHER AlgSE-ATM By RiEFN 4k

W4 F 40 Ji kR pET30a-alg5eATM % A K A
A Rosetta(DE3)E&Z 400, Wik 40 min J5
WA T LB (Kan")[E A4k |, 37 °C. 220 r/min
FEIREESE 12 h, PRECREVEEZMT 5 mL LB
(Kan" AR50, 37 °C. 220 r/min #2& 2
WG, % 1%M M & A 200 mL TB
(Kan" )RR 355, 37 °C, 220 r/min ¥53% 3 h
2% ODgoo 2 0.8 555 A 16 °CREIRAKZEREFE 1 h, il
LA A 100 pmol/L 4 IPTG, 16 °C., 220 r/min
7S 18 h J§ T 4 °C.8 000 r/min £5.0> 3 min Y
[ZR%NS

EATE ST 15 mL #i¥4 Buffer 1 (25 mmol/L
Tris-HCI, 150 mmol/L NaCl, 1&FH/3% 5% H
M, ARFLS %L 0.3%09 Triton X-100, pH 8.0),
VKVA AR R P ERE 15 min, UC4E 9 000 r/min 2.0
30 min [ L3, E#ET HisTrap HP 1 mL 425
MZHA:, JeH Buffer PEAGT 5 mL, 43514
50, 120, 250 mmol/L BKME[Y) Buffer I8 5 1%
I, BURE AR £ SDS-PAGE #E % HL ik % ekl H
MRS, AR JETTRREh AR A
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1.2.3 ZEHBJR SDS-PAGE % 370 % J& EN i3

WRLHVKREE, BB R, HOE a8 i
il Loading Buffer &%), 95 °CHll#4 5 min I
££,90 V 1H LYK 20 min, 160 V 1H L P 50 min
JEAE, FE MR R A 1 h s
AU LA . B BT B S g AP PR B UK T
JiH) SDS-PAGE #Ei%e PVDF fiit, 5%t/ 1
FIRE 1 h, —¥HT Anti-His Mouse mAb B¢
5000 {507 E 1 h, TBST ¥4 3 K, i Goat
Anti-Mouse I1gG HRP ## 8 000 {5 =¥ H 1 h,
TBST P85 ECL WM W6, HABER UL
S e =g
1.2.4 Alg5E XARMEIUAIBIE K

AL FIAE VB farnesanol 1 phytol A A i |
solanesol [ ANXTHR 0 LA K ARLFI g 17 B %) e i
AR U8 A S0 00 % B 1Y S 0 PR AR S8 N . He
farnesanol F1 phytol Fif J5 5 12 12420, A3
3% T, HU farnesanol Y, phytol J5i4H(400 mg)s
5%k 250 (20 me)is T 5 mL LK OFEH, =
B FE RN R, T E 635 i (thin-layer
chromatography, TLC)Wiill sz b it e, 2 gk
Je b UE R BRAEAL ], EZE F RN R AT
Paalifl, BEBGR VOT ) V(& 5)=20:1,
142 IR Y S JEe B (S-farnesanol, S-Far)
FI phytanol; solanesol AXIFRMEA LR : A
KT, solanesol (50 mg, 80 umol)5 kA T
0.8 mL Jo/K SN, (IR A (S)-binap-RuCl,
(p-cymene) (4 mg, 2.38 pmol)fl KOH (14 mg,
159 umol), 83 °CIZL 4 h, HEZEZBRIEF G
HAE @R kA, PG VR V(A
$t)=20:1, 15 2R B AR Y Sl JEBE(Ssolanesol,
S-Sol). AR T BEBERR AL 1 5 kR« TE R AR T,
H¢ dodecanol , S-farnesanol . hexadecanol , phytanol
5%, S-solanesol J5URH0.5 mmol) 5 iR — A PUAL T
3£(0.33 g, 1 mmol)iAE T 5 mL Jo/K — & e i

&: 010-64807509

B PREUNA 0.3 mL =52 , = ifA+E 20 min
JETEZE LBRE N . BET 3 mL IOk,
A 200 pL 19 25% 2K 4R 222 ) 45 min, LA 5 mL
R RF o D)IREEEBEEE 20 min
LB SO o 78 25 BV 5 i i o A o ik Atk
UE R S VO )V S B ) V(1% &
K)=80:10:1, FHEPHL ™%y, FHE 7B
(AG S0W-X8)Zlifb )5 43 ilis 2 1-+ bz
(dodecanol phosphate, Dod-P). S-7%JE I ik iR
(S-farnesanol phosphate, S-Far-P) ., 1-17<%elsfE
fi?(hexadecanol phosphate, Hex-P). HHikelEmERR
(phytanol phosphate, Phy-P) . S i JE B% i iR
(S-solanesol phosphate, S-Sol-P),
1.2.5 EFHEH AlgSE-ATM BYE M F0 K
4% S AR

FRUERIE RN 25410 R (50 uLAAZR) : 50 mmol/L
Tris-HCI (pH 7.4), 10 mmol/L MgCl,, {&F143%k
A 1%H9 NP-40, 1.6 mmol/L Phy-P, 8 mmol/L
UDP-Glc 1 1 mg/mL Alg5E-ATM Z& [, 30 °CIi
30 min J&, 95 °CRyANH 10 min K% & i
AR o S PEAGIN SR F Y 7Sl TLC FlH I 55
JU 1% (electrospray ionization mass spectrometry,
ESI-MS). EARA4F . TLC A&ES A 0.3 mm
B RRAR R TR b, TR
AJEIFFRNCGEAT B K=11:5:1, IRRLL), W 5RIHT
R et 4/5 LIS 1R T O BRIR (R
19:D)IFWH, =il R (@ ; ESI-MS A0 J5 i -
BT uL AR ZR T 49 pL 7K il IR A 7T
DL B g s A ERE 2T o BRI R S 1 S 5
H, TERREBG SR R EERY L, ] 5 RN R
T A 8 7 B W R AL ) A 9 R R A TP A7 52
I8, TLC Y5 10 min A1 30 min Sz v #F2, F Tanon
Image #{Fatfk TLC S5R RS, L
Phy-P Ak 3 sl 1, HARY LR ER
Phy-P $ AL BN LR 2 AR A

B<: cjb@im.ac.cn
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2 ZERE55

2.1 FHEH AIgSE-ATM BIA[RMERIE
54k

FIFTEL At DeepTMHMM %} BH i & T
HORIEAY AlgSE 25 I3 715 REZ5 A0 S fitl , 25
IR AlgSE %A 1 A5 I (6-26 1 Z IR
ARSI AR al gbe BLIH T 78 bp Zwhid 1-26 v & LR
BRI, Fysd 4 Bk pET30a-alg5eATM (& 2A).
WA B R alg5eATM (940 bp) 525 2
pET30a ##%, HAL/GHE1TIYE PCR Jaik, #k
SRR P T8 4 3 IR f A BoRn A TN Y, I 2
K5 GenBank H alg5e FE[H 79-978 bp Zifidh X
AT IR 74— 3K, 15 BH F 4 TR AL A2 o

W4 5 20 [Tk pET30a-alg5eATM #4 A K7 T
I Rosetta (DE3), IPTG flRiiAES 18 h/a, Uk
BE R TR AR 75 M, B0 e I YRR R
JERTAELiAL, AN R e 2 BRI ) Buffer TR

B
kDa

120—

50—

e
- W
2 |
-
3

ET30a-alg5eATM
; - 40—

30—

2 FLHEH AIGSE-ATM I RIEFN4 L

70—

25—

VEW S & 250 mmol/L BEWE Buffer T4VE R
s, Wik 5 A5 2 TS 20 mg/mL ()4 8K
F . 4ifb)a i F R 2 SDS-PAGE B i HE ik
JE Y ITE, & PRI 40 kDa ZbHE 1 4501 2
HIEE 250, SEAE M AlgSE-ATM [HEE K
/N 38 kDa —E((F 2B), & A Gy BN SL 4G
Wit % 80, FHILTFESET, gifb)s E ALY
38 kDa 4 ¥ BT () 45 S v Aty (8] 2C), X 3R
EHEM AlgSE-ATM A Hu7E KM 1 B H a]
VS IR IF AT T 4lifk o
2.2 ELHER AIgSE-ATM BIEES
A& 20 AN F AR IiEE phytanol fX#F
dolichol, WEMIL/GIENEAE T AlgSE-ATM
R T T LSS (B 3A) . KA LIE
L, MEEF & 1 BB {E (retention factor
value, Rf)N 0.45 iKY & Phy-P, HEALIAR (5
HMELT 14 REEN 0.40 7798, FRe ™)

C

100 — S

kDa 1 2

50—

40—}

S | AlgSE

S — AlsSE

A: H4FR pET30a-alg5eATM /R 8. B: Alg5E 4fifk

451 K. M 4 Blue Plus I Marker; 25747 1 A2li4LJ5 ) AlgSE-ATM. C: AlgSE #5335 Western blotting
5L, anti-His. %47 | B FRIE N ; &40 2 Maifb)5 1 AlgSE-ATM

Figure 2 Expression and purification of AlgSE-ATM protein. A: Schematic diagram of recombinant
plasmid pET30a-algbeATM. B: Alg5E purification results. M represents Blue Plus II Marker; Lane 1

represents purified AIgSE-ATM. C: Western blotting result of AlgSE expression and anti-His. Lane 1
represents pre-induction protein; Lane 2 represents purified AlgSE-ATM.
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539.50

[Phy-P-Gle-H] | 36321
[UDP-Gle—2Na+H]

587.17
[UDP-Glc—2Na]

1 1 1 II |I 1 1 1 |

ARE 1 2 3 B
= 100 -
=
g 80F
o
S 60f
0.45— — Phy-P 5
0.40— — Phy-P-Glc S 40F
2 20}
o)
Z 0
300

B3 FHEH AIZSE-ATM F N

1
350 400 450 50

550 600 650 700 750 80
mlz

A: AlgSE W TLC 453Kl 2545 1 I Phy-P; 5 2l 1

3 AR A 45 3 77 Phy-P-Gle. B: AlgSE J2 )i ESI-MS 45 /&
Figure 3 AIg5E-ATM activity detection. A: TLC result of Alg5E reaction. Lane 1 represents the substrate
Phy-P; Lane 2 represents the mixing point of 1 and 3; Lane 3 represents the product Phy-P-Glc. B: ESI-MS

result of Alg5E reaction.

Phy-P-Glc Xttt Phy-P 51 AT 1 AR KPR A
le, WHEAERIFFEIRIFHIEL R T, Rf
E/N, X5 TLC 450 AMAF. B b=
W o B U — 2 8, Phy-P-Gle 4> F it N
540.5 .ESI-MS A& F 1 F B fir b mvzh 539.5
9 1 ZHEXS B 1 H AR ¥ [Phy-P-Gle-H] JEXHY
G g, Sah 2 g HIxt N T AR )
UDP-Glc [UDP-Glc—2Na+H] FI [UDP-Glc—Na]
2 FIE R B ING B g (& 3B) AEfL 1A R Y TLC
45 M ESI-MS 45 R YR FE B Phy-P, Ui ]
FAHEM AlgSE-ATM RESE 2k Phy-P A= ik
Phy-P-Glc, SWHEILR 100%, RIMEILRERE .
2.3 F=EERA AIgSE-ATM £ B F IRt
R
RAZAIR-T: A BER - K45 R (aspartate-any
residue-aspartate, DXD)#&F 245 2 NMRAA
MRFER T A, AR B RE G, 5
&8 B A AR AL ) RE . B AT R E D
Wi 3% BH B 3L 5% #2 i (gly cosyltransferase, GT)

&: 010-64807509

A P15 (GT-A)Z5 385 A PR ~F ) DXD )7 . i
it CAZy Bl IFE KRG, Algs &8 THH
WG R 2 (glycosyltransferase family 2,
GT2), KM GT-A J4h&, e FEgaMEILEh
REFR A BB T 5 DXD ELFAH /R s,

XF ARSI Algs A& R ¥4 & B,

AlgSE 19 169-171 iz SEMAATE 1 DRI
DXD JL7 (& 4A). K Mg 52 1T AlgSE-ATM
PEATECAL T, 25 5 /8% DXD 272 14N
NS B E T4A 05, D169 Fl D171 fiii[q
5 Mg> i EC AL 5 (F 4B). R i T A E
[ AlgSE-ATM 1§ 2 PRZ51K D169A FI D171A,
Bz ZGE TR (8] 4C) 735l i
M TLC Z55R(El 4D)RTLVE R, MHELTAH 1 A
Al(wild type, WT), 2 PNIZARRGEHT 2 IR 3)%
B R B A P2 Phy-P-Gle £E G, B DXD 3
FE AR 1 S R AR GRS XS T lilf 15 #R 2 AR
/DAY, BEA, SN EDTA B A R WA
K| =k, JER DXD Ry 5 M4

B<: cjb@im.ac.cn
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70—

50—
0.48— — Phy-P
40— 0.41— — Phy-P-Gle
- m—
30—
25—

4 EBHAEH AIGSE-ATM £BBE TR A NEDFD Algs E A REME . T. v AL RBHE
T AR ; S o fCREIE BRI ; D. mACFRIEIE ; M. mARE/NEURE; H sCR AW, B: Mg™
5 Alg5 ) DXD 455 HRER. C: AIg5SE-ATM ZB R4 AR, 4478 1 0 D169A; 4578 2
DI171A. D: Alg5E B#fit st i TLC 2558 K. 545 1 5 WT; 257 2 5 D169A; 4545 3 S D171A; 4%iiy 4
J AR Z H A 10 mmol/L ) EDTA

Figure 4 Recombinant protein AIg5E-ATM metal ion dependence. A: Alignment of Alg5 proteins from
different species. T. V represents T. vaginalis; S. ¢ represents Saccharomyces cerevisiae; D. m represents
Drosophila melanogaster; M. m represents Mus musculus; H. s represents Homo sapiens. B: Schematic
diagram of the predicted Alg5 DXD motif complexation with Mg**. C: Purification results of Alg5E-ATM
mutants. Lane 1 represents D169A; Lane 2 represents DI71A. D: TLC results of Alg5E reaction. Lane 1
represents WT; Lane 2 represents D169A; Lane 3 represents D171A; Lane 4 is the reaction system in the
presence of 10 mmol/L EDTA.

JEE T AE X TEAEN AlgSE-ATM MG &1 AlgSE-ATM MIRYIil % T Phy-P-Gle, K

FEREL, YU T DXD B AR E R
VE AL SE AR TR A S0 R A 1 SR o
2.4 FEERA AIgSE-ATM RS F MR
AlgSE KARJEY HH Y dolichol A 16 51K,
TR, RKIEMEZE HoELLR A . ARSI
4 A5 % 0 Hot R IR Wi BE phytanol E b
dolichol R U, WiIR K155 Phy-P /EhE 4

http://journals.im.ac.cn/cjben

TSR SZ AR R 105 I e e % AR 52 17 )
s, A TN R BREE R R B DT, s
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Figure 5 Substrate specificity analysis of AIgS5E-ATM. A: Lipid substrates with different chain length. B:
30 min reaction results. C: 10 min reaction results. Numbers 1, 3, 5, 7, and 9 correspond to the substrates
Dod-P, S-Far-P, Hex-P, Phy-P, and S-Sol-P, respectively; Numbers 2, 4, 6, 8, and 10 are the catalytic systems
of the respective substrates; The symbols “+” represent the mixing points. D: The relative conversion rates of

different substrates for 10 min reaction, the conversion rate of Phy-P is 54% as unit 1, and the conversion
rates of other substrates are divided by 54% to calculate the relative conversion rates for the graphs.
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