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Biochemical Characteristics for the Cofactor Free Mutant of Yeast Homocysteine Catalyzing Enzyme,
Cystathionine B-Synthase. Jhee, Kwang-Hwan*, Hyun-Nam Cho, Seun-Ah Yang!, and In-Seun Lee!.
Dept. of Applied Chemistry, Kumoh National Institute of Technology, Gumi 730-701, Korea, 'The Center for Tra-
ditional Microorganism Resources, Keimyung University, Daegu 704-701, Korea — Mutations in the cystathion-
ine B-synthase (CBS) gene cause homocystinuria, the most frequent inherited disorder in sulfur metabolism.
CBS is the unique enzyme using both heme and pyridoxal 5-phosphate (PLP) for activity. Among the reported
140 mutations, one of the most common disease-causing alterations in human CBS is G307S mutation. To
investigate the pathogenic mechanism of G307S by spectroscopic methods, we engineered the full length and
the truncated G247S mutation of yeast CBS that is corresponding mutation to human G307S. Yeast CBS does
not contain heme and thus gives a merit to study the spectroscopic properties. The UV-visible spectra of the
purified full length and the truncated G247S yeast CBSs showed the total absence of PLP in the protein. The
absence of PLP in G247S mutation was also confirmed by the PLP-cyanide adduct formation experiment,
which was conducted by the incubation of the purified enzyme with KCN. The adducts were detected using a
circular dichroism (CD) and a spectrofluorimeter. Radio isotope activity assay of full length and truncated
G2478S proteins also gave no activity. Our yeast G247S mutation data suggested that G307S might make the
distortion of the active site so that cofactor PLP and substrate can not fit inside the active site. Our yeast CBS
study addressed the reason why the G307S mutation in human CBS makes the enzyme inactive that conse-
quently leads to severe clinical phenotype.
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Fig. 1. Reaction scheme catalyzed by cystathionine p-synthase.
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Fig. 2. Homology between human CBS and yeast CBS. Num-
bers indicated the start amino acids and final amino acids that were
compared. Shadow box indicated the identical amino acids. Sym-
bol as ‘+’ represents the similar amino acid for isoleucine and
valine. Glycine residues for G307 of human and G247 of yeast are
indicated and represented as bigger fonts.
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Fig. 3. SDS-PAGE analysis of the purified yeast G247S pro-
teins. Lanes; M, molecular mass standards (molecular mass in kDa
in parentheses) myosin (220), phosphorylase b (97), bovine serum
albumin (72), ovalbumin (46), carbonic anhydrase (29), Blacto-
globulin (20), and lysozyme (15). 1, purified truncated form of
G247S (G247S-T), indicating 39 kDa; 2, purified full length form
of G247S (G247S-F), indicating 56 kDa. Yeast CBS mutants,
G2478-F and G247S-T were purified from host cell E.coli XL-1
blue harboring mutated pF-SEC and pT-SEC. Each enzyme was
purified using DEAE-Sephacel, Gigapite, and Butyl-Sepharose
column chromatography. About 10 mg of protein was applied per
lane.
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0.16%} wl-$- ZARS eI 912H Fig. 39] SDS-PAGE
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Fig. 4. Absorption spectra of yeast CBS. Data exhibit the full
length form of wild-type (WT-F, bold line) and full length form of
G247S (G247S-F, dashed line). Each protein concentration was

approximately I mg/ml in buffer B. All spectra were taken at
25°C.
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o]= UV-visible T54Ad E-al 228 Axlan G247 W
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Fig. 5. Circular Dichroism spectra of yeast CBS. Spectra exhibit
the full length form of wild-type (WT-F), truncated form of wild-
type (WTI-T), full length form of mutant G247S (G247S-F), and
truncated form of mutant G2478 (G247S-T). Each protein concen-
tration was 1 mg/ml in buffer K. All CD spectra were taken at
25°C.

G247S-F&} G247S-T E5F PLP7} A3 &A81A] &8 o
I ol v o] A ERS] Aje| I Al PLPY &
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9} WF-T9] apo Aol PLPY F%E5 F7M70 A4S
243t b= PLPL] ZA3MAM: (association constant),
Kagk& 2A43s1eid] WT-R] 739 0.8 uM, WF-T9] 75
o= 0.7 uME veERIG . 28y G478 A $edl=
G247S-Fe} G247S-T B #32] PLPE Hhg dof YoiF
o]= (2 mM, oPE AMgEFe] oF 2,5000) B4 19 &
284 2 BFoA FAe] AEEHA Attt & G478 &
dulo] A PLPSR:= FXoll HAgle] BEEA &&
< < 5 sl

CBS &4 &AM

CBS EAgAL2 A 71A] whgez &A39c) L-
Homocysteines} &H4%12}7} cl4e2 2hil 2 L-serineg 7]
A= slo] Faol vhEAI7) F TLCE S3lM A Cléol
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Fig. 6. CBS activity assay. The reaction mixture, which con-
tained 200 mM Tris-HCl, pH 8.6, 20 mM PLP, 0.25 mg/ml
bovine serum albumin, 5 mM L-[U-'#C]serine (800 cpm/nmol),
and CBS (0.02-0.1 mg) in 18 ml, was preincubated for 5 min at
37°C. The reaction was initiated by adding 2 ml of 5 mM L-
homocysteine and was terminated after 10 min by adding 5 ml of
50% trichloroacetic acid. Reaction mixture was centrifuged for 3
min, and 5 ml of supernatant was applied to a cellulose thin layer
chromatography plate (Kodak). The product, L-[*C] cystathion-
ine, was separated from L-['*C] serine by ascending thin layer
chromatography in 2-propanol/formic acid/H,O (80/6/20, v/v).
Radioactivity of the product was determined by Phosphorlmager
(Molecular Dynamics) and the data was analyzed by Alphalm-
ager HP software. The lanes are: C, L-['4C] serine without CBS;
1, reaction with wild-type (WT-F); 2, reaction with truncated
form of wild-type (WT-T); 3, reaction with full length form of
mutant G247S (G2478-F); and 4, reaction with truncated form of
mutant G247S (G247S-T).

serineS £-2)8 ¥ Phosphorlmager®. L-cystathionine=S *
2 39 o}(Fig. 6). ol ¥H&-31A 92 L-homocysteine=-
WA 9147t FR-Ee] A ot Phosphorlmagerel]
el A ek} B2l9 spotEAlphaimager HPAZ E S]]
£ AMsled 3AE L-cystathionine®] ZHe Bwl EAE A}
23517 9k control®] A-$-9} G247S-F, G247S8-T= 40|
Aa] o)A 9kgki, WTFS WITS 7-9-lE 27 420
wnite} 780 unitE: By ol& 71&9 Rad 3t} 4}
3o 7]. CBSEAISA 2] B4 wh ]l B-mercaptoethanol
7} L-cysteine®}2] ¥F-$-2 2 S-hydoroxyethyl-L-cysteineZt
Zo] FAHE I3ph (HS)E SA3 Wold). o] &
A M E G247S-Fb G247S-T= A3 A& BolA At
o}, =3} ko] whl RS- Native-PAGE gel’doll A Pb-
acetates} WMS-AIZ 02X FA HAS A WHME
G247S-F&} G247S-T= A3 84S Holx] 3lrt(data not
shown). B3t o]m 3t FAZA uhgell lelAE, g9
PLP7} &4 sleiele (2 mM7HA] AHERH EA4e) A 2
A=A ket ol G470 &3l q1zbe) G307 =
A o] & 7}X]= homocystinuria $AF9] 7%, PLPS] F2F
o= A3 A WA} THEA e AE dFel 7Fe



Fig. 7. Active site and G307 position in 3D structure of human
CBS. Rasmol software was used and the human CBS 3-D coordi-
nation was from PDB code 1JBQ, human CBS[14]. Heme, PLP
and active site lysine119 was represented. The distance between
G307 residue and PLP was 7.2A.

3 sl R3o|t). 1Bl 9lzke) G307SY] HSelE &
4 o] A3 ZEHA] 9k (unpublished data). =3} 9l
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UL G247S0) ATF-Z Qlsle] Fs33bz|ql 17} rlssky]
a1 PLPE| FAi7} Agke] 1S 2 4 igieh

o1ZF CBS2| G3072| 3xt F#+=2| siA

2172} o3 CBSY| 3% FZF Rasmol AT Eg ]S
3kl BAdFAIQl PLPS} lysinel 195} G3079] $1%)2 Al
Xk}, PLPS} lysinel199] g oln]x 282 A2 Schiff’s
baseE F3te] AL 912w N Ltol] $%3 heme
group<- PLPol A oF 11AR = dolA ¢l&& o 4 gl
G307 #4FAQ1 PLPoA o 72A4 % Heojx] glon}
G30787} PLPAGH ] A3 gl 22F Ho} R groupe]
TR FHeololE glycined} Bla|M AAgHoz & R
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groupS 714l serine2 We]7} dofiir] PLPZ} #AFA
o 7]e] Eolzt & Sl TEE Fsivka A4 =3 7]
A7) Aol = 3 nA 4= ok A7EEd, o] ®
gk Hel2 <18 bulky groupe] 7182 A9 B2
2A7A ez welid 4 e HefAln gt ARE 7
39l 919 Helrl 7| ARG 2 93} F 5 9o
G307 loopll YX|s}ER 32} T Wslel| wizkalA 2
43 FEx . o9 e o7 71| 7t ek A
lzk CBSO| G30789] 33} T=F siM3led dojof & Flo]
3L &Re] CBSY| 33 7E2E oA wEAA] gglemz &
2o] o3 CBSSE G347S Wol9] 33} 7=F ¥l Uzt
I BE Apole] 33} 7x2) wistel =3} Wolo| 3 T8
A3 o 5= 9leefel A7Ee] HA) &R CBSO AA
< 7] % Q7E A3 Fl e

[=] OF
= =

E dFelMe AT AP £3AY A2 AR
52H3F homocysteineS A A oA A 3|7 FAql
cystathionine B-synthase®] EH o]0l FA3t A+E 43§35}
sltt. Q17k2] cystathionine B-synthasedl] S ol7} A7|H
I g4 FAl7} WASle] homocysteineo] Aol =
A5 o] Hz2hg-& o] 97)= homocystinuriatls FAH o] A
714 Hed o Edde] F G3070] serine2E g
SdHo)7} W vFE X3} ghH 917k] cystathionine
B-synthase: hemeS prosthetic group® 7} 3L gJefA] o
g 2~HER Qo) A7} glort, 2 7T 2l Izt
2] cystathionine B-synthase®} = AHEAE 71X = &2
2] cystathionine B-synthase™ hemeS X33} 9|
Aol 2| EF of 7o fo]gt A o] 83l Q17 G307
o dlFsl= G2472] FHE serineE 2|3}, AHA|s}e] 1
Azets BAS Al HSkT B9 G247Se C Hde] &
A truncated form ¥ AA|chdAe] =7 55 full length
form®] T 71X F o] 8-3ted A} 7 S| why
2 2o 71-A2 M L-homocysteines} L-serine- o]-&4-3F
b iRl A CME ARSEted RS SR8 vl 34 o)
A8 AEFA 949k B-mercaptoethanol 3} L-cysteineS:
7R o] 438t v E S3eAas ST 4 Al =
3k UV-visible spectrum3} CD spectrumel = PLPS] Eo|
el FAIH] 410 nmellA2] 05 A3 HE & <+ 9l
9o}, =3 PLPY A&ul el KCN#FHE) incubation A3
A= PLPE Z1&EE 4 gt 29 Q7) cystathionine
B-synthase®] AR 33} 725 FAsle] B 1}, G307 &
4 PLPY} Zubell $1A38be] bulkydt R groupql serine2 =
2gkd 74 Fae} PLPY AjS SR ARsle] SAS
AR st Aoz AzEY G2478E =9 PLPY
incubationdte = &4 o] 3|EF|A] ¢fown childl2.o] PLPY




202 JHEE et al.

incorporatione] FEEZ] ket oli= <17k] G307STA}
PLPE Foi3lel = WA 2] 34 o] gl o FF Ardsla 9)
o AEHL2Z G307S T4 eldl| 7]1418} homocystinuria
A= CBSS] #Ae] AF5h PLPY Folol= £37} ¢l
o ARE o83t £ A7oiA FelEgic)

INEE

2 Q7 FOTANSL STl (2004-104-091)
A9 Wgke e g} =,
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