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ABSTRACf 

Fibroblasts from patients with functional me thionine synthase deficiency can be 

divided into 2 complementation classes, cblE and cblG. Both have low lcvcls of 

intracellular methylcobalamin. Both groups é!lso demonstrate low lcvcls of incorporation 

of label from 5-mcthy!tetrahydrofolate into macromolecules. Undcr standard reducing 

conditions, methionine synthase specifie activity is normal in cbIE flbroblast extracts, but 

il! low in cblG fibroblast extracts. Seven cbIE and seven out of ten cblG ccII lines 

dcmonstrate levels of accumulation of [57Co]CN-Cbl in fibroblasts comparablc ta that of 

control cclls. They exhibit similar proportions of label associated with thc two 

intracellular cobalamin binders, methylmalonyl-CoA mutase and rncthioninc synthase. 

The rcmaining threc cblG celllines exhibit a lower level of cobalamin accumulation, and 

demonstrate a rack of eobalamin association with the enzyme methionine synthase. The 

spccifie activity of methionine synthasc is almost undetectable in the thrce cblG ccII lincs 

that showed no such association. These resuIts demonstrate heterogcncity within the 

cblG group and suggest that the defect in cblG affects thc me thionine syntha~e 

apocnzyrnc. 
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SOMMAIRE 

Des fibroblastes venant de patients ayant une détïcicncc en synthasL' tle 

méthionine peuvent être divisés en deux classes complémentaires, cblE et chlG. Les dcux 

démontrent des niveaux réduits de méthylcobalamine intracellulaire. Sous des conditlol1~ 

de réduction standard, l'activité spécifique de la synthase de méthionine est normale dans 

des extraits de fibroblastes de cbIE, ct est réduite dans les extraits de flbrohlastes de chiO. 

Sept lignes cellulaires de cblE et sept sur dix lignes de cblO démontrent des niveau:-. 

d'accumulation de [57Co]CN-Cbl comparable à l'accumulation dans des cellule:. controb. 

En plus, ils ont des proportions comparables de 1~7C()ICN-Cbl as~oci(;~ avec deux ligal1t1~ 

de cobalamine intracellulaire, la mutase de méthylmalonyl-CoA et la :-.yntha~e tll' 

méthionine. Les trois autres lignes cellulaires de cblG démontrent de'i niveaux I~dllit~ 

d'accumulation de cobalamine, ct un manque d'association entre la cohalamine ct la 

synthase de méthionine. L'activité spécifiqu'! dc la synthase d<. méthionine l'st pre:.qllc 

non-décelable dans ces trois lignes cellulaircs. Ces resultats démontrent tic 

l'heterogeneité dans le groupe cblG ct suggèrent que Ic défaut dans les chlG c:.t au 

niveau de l'apoenzyme de la synthase de méthionine. 
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ABBREVIA~il0NS 

Adenosyl-Cbl ..•.....•.......... 5'dcoxyadcnosykohalamin 
AdoMct . . . . . . • . . . . . . . . . . . . . .. S-Adcnosylmcthionine 
Ca2+ ......................... cr.lcium in the 2+ OXit:.ltion state 
Cbl .......................... cobalamin, vitamin B 12 
Cbll+,2+,3+ ..................... cobalamin in the 1 +, 2+ or J+ oxidations ~lalL':-' 
Co1+,2+,3+ ..................... cobalt in the 1 +,2+ or J + oxidatiol1 states 
Btu .......................... B12 uptake 
CNCbl . . . . . . . . . . • . . . . . . . . . . .. cyanoCbl 
IF ........................ " intrinsic factor 
MeTHF ...•................... rncthyltctrahydrofolate 
MCM. . . . . . . . . . . .. . . . . .. . . .. rncthylmalonyl-CoA muta~l.! 
MMA. . . . . . . . . . . . . . . . . . . . . .. rnethylmalonic aciduria 
MS . . . . . . . . . . . . . . . . . . . . . . . .. mcthionine synthase, melhyl transkrase 
mut. . . . . . . . . . . . . . . . . . . . . . . .. dcfcct in the mul,l'ic apocn/.yOle 
OHCbl ....................... hydroxy-Cbl 
PAGE ....................... polyacrylamide gel elcctrorhorl.!:-.i~ 
PBS . . . . . . . . . . . . . . . . . . . . . . . .. phosphate bulTcred :-.alinc 
PMF ......................... proton motive force 
TC l, II and III ................. transcohalarnin I, Il and III 
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CIIAPTER 1 

STRUCI1JRE, MEASUREMENT, AND DISTRIBUTION OF COBALAMIN 

1.1 STRUCI1JRE OF COBALAMIN 

Vitamin B12• also known as cohalamin (Fig. 1). is a crucial col'actol Illi m.lm' 

organisms. Its structure was determined in 1954 by the use or X·ray cry~tall{)!!laphy 111 

the laboratory of Dorothy Hodgkin (1). Ils mai, skelcton con~ists or a COI rin 1 in!!. \\ hll " 

is sirnilar 10 herne, but has cobalt instead of lron as its metal and one lc~~ alpha IllL'l hL'lll' 

bridge than herne. This corrin nuclel' J IS th~ central structure of ail mil moitl:-, ni \\ hllh 

cobalamin is a specifie group in which the lower axial ligand is 5.6 dimethylhell/ll11itla/l IlL

Three acetamide and four propionamide side chains project ahovc and bdow thl' pl:1I1L' 

of the corrin ring. The lower ligand of this ring is attached to the ml nn ring via ail .t-I)

rihofuranose and the cobalt core. The upper ligand dctcrminc~ the type 01 LOh.t1.11l111l 

compound. The upper ligand~ may he 5'deoxyadenosyl. a methyl glOup. Cyilllllk. ;1 

hydroxyl group, aqua, sulfito and glulathionc_ 

The cohalt core of cobalamin may be found in eithcr 01 thrcc uxidatloll ~t .. lL'\ 

eohalt 3+, cobalt 2+ or cohalt 1 +. 

1.2 DISTRIBUTION OF COBALAMIN 

Cobalamin functions as a cofactor for many lcveb or organl:-I11~, 1 :lllging Il ()1lI 

prokaryotes to mammals, although the ~ynthc~is or vitamin BI~ IS achicvcd only ily 

microorganisms (4,5). IL is found ubiquit{)u~ly in animal products and ~omcwhat '",II l'Iy 

in plants, but it is all derivcd l'rom bacteria. Mo~t form~ or Chi (adcno~yl, IIlcthyl, 
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aqueous, hydroxy and sullïtn) have hccn round in food; for example adenosyl-Cbl and 

hydroxy-Chl are most prevalent in meat. whercas dairy products contain mostly mcthyl-Chl 

and hydroxy-Chl. Man is wholly dcpcndcnt on dictary ChI. evcn though it is synthc~l/èd 

hy the colonie flora (eohalamin cannot he ahsorhed in the colon) (2,4.5). 

1.3 MEASUREMENT AND REQUIREMENTS FOR ChI 

Vitamin BI2 is measured eithcr hy microbiologieal methods or isotope dIlution 

assays (3.18). The total hody content of cohalamin in the adult male is 2-5 mg, and daily 

cstimated dietary rcquircmcnt is 2-5 llg. sa a dclïciency !.tatc will not ari~c for )'èHI s af'tèl 

total ce1>sation of vitamin BI2 inLdke. Normal plasma Icvcls can range l'rom 150 to 45() 

pg/ml which is all hound to transport protcins (the normal range varies among 

lahoratories) (2,3). 
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FIG.1 

ft 

THE STRUcruRE OF COBALAMIN R= 

CH2CONH2: R'= -CH2CH2CONHz: x= -eN ItH 

cyanocobalarnin, -OH for hydroxocobalamin, CIl1 l'or 

rncthylcobalarnin, or 5'dcoxyadcnosyl for 

5'dcoxyadcnosy\cobalamin. Rcprinl<...J from F(!nton and 

Rosenberg (39). 
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CHAPTER2 

COBAlAMIN IN MICRO-ORGANISMS 

2.1 COBALJ\MIN IN MICRO-ORGANISMS 

Micro-organisms are a vital camponent in the vitamin BI:! pathway, sincl! the dl.' 

nova synthesis of the corrin ri;tg is restricted to bacteria (6). Micro-organisllls mL' u~l d 

for the commercial production of Cbl and have also been used for dcterminatlon o( Chi 

levels in samples such as hum an serum (2). The bulk of the work do ne ('11 hm tcrial Chi 

metabolism has used Escherichia coli dS the subject, ~md 1 will use E.coli as t hc focus 01 

this review. 

2.2 0>11RANSPORT IN E.coli 

The E.co'i membrane is composed of three components, an outer membl ane, a 

periplasmic space and an inner membrane (cytoplasmic membrane). The outel membl a Ill' 

contains porrin channels through which nutrients may enter, but cllbalamin is too lai ge 

for these openings (6). The bacteria has developed a complcx and c1licient ~y!-.Iem lu 

retrieve Cbl which usually exists in the environ ment in low l,onccntrations (u!-.ually a range 

of 10 fM to 1 nM) (8). 

Uptake of labelled Cbl by E.coli cclls is biphasic (6). The initial phase cons::,ts 

of a rapid, energy independent binding to the ccli surface. The next phase is a :-.Iower, 

energy dependent transfer into the ccli. When E.coli cornes inlo contact with cohalamin, 

uptake is very efficient until internai concentration is as high as 100 !lM, within 1/2 

generation time. When the medium is exhausted, the intracellular Cbl dccreases only by 

the amount needed for growth (9). 
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Six components have been identified in the uptake proccss: proton motive force 

(pmf), and the products of genes BtuB, BtuC, BtuD, BtuE and TonB (these genes have 

been mapped (16,10,17,12». 

2.2.1 The BtuB protein 

The binding site ùf the outer membrane for Cbl is a 60 kDa protein, and is callcd 

the BtuB protein (or the BtuB gene product) (8). This protein has a high affinity for Cbl, 

and has a dissociation constant of 0.1 to 5 nM. Il is a multivalent receptor, and is 

responsible for not only Cbl uptake, but it also competitively binds bacteriophagc BF23 

and the BtuB group c01icins (this activity is restricted ta only ncwly synthcsized reccptor 

pro teins) (6). Bh:B exists at roughly 200-300 copies/cclI in cells that are grown with no 

Cbl in the media. If gruwn in Cbl, thcre is an inhibition of receptor activity; growth in 

presence of lOOnM of Cbl reduced uptake by as much as 90% (11). Studies have shawn 

that the regulation seems ta take place at the translational levcI with the synthcsis of 

BtuB bcing repressed by the presence of Cbl (28). 

2.22 TonB and PMF 

The proton motive force, TonB gene product and a second sile on the Cbl 

reeeptor (in addition to the Cbl binding site) are required for Cbl transport across the 

outer membrane (15). Together, they interact with the Cbl reccptor to lower ils aflinity 

for Cbl, th us releasing it into the periplasmic spacc (6,8). It was observed that 2,4 

dinitrophcnol inhibited internalization of Cbl: this suggested that Cbl transport into the 

periplasm was dependent on PMF (6). The TonB protein was observee: ta be tcthcrcd 

ta the inner membrane, but was functionally inside the periplasmic space. It was also 
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obselVed that a low pH and a low Ca2+ concentration in the pcriplasmic spacc lo\\crcd 

1 

the affinity of the Chi receptor for its substrate. From these observations it \Vas l>uggesll'd 

that the TonB protein functions by restricting Ca2+ binding on the pcriplasmic sidc of tllL' 

receptor (8). Cellular localization studics suggest that TonE is in fact peripl,lsmic (12). 

TonB also functions in the transport of ferric iron, hacteriophage Tl, phage HO infections, 

and several colicins (6). 

223 BtuC, BtuD and BtuE 

The BtuC and BtuD gene products are ncccssary for the transport of Chi aClllSS 

the cytoplasmic membrane, and fraetionation studies suggest that they arc Illcmbr aile 

associated (17). A 22 kDa protcin which had high aflïnity for ChI was ob~erved in E.coli 

cells and fractionation stur'ies suggest that this protein is periplasmk (H.17). MOle 

recently, a 22kDa protein was found to he the product of the BtuE gellc and re~llkd 111 

the periplasm. Although it was not demonstrated that the BLuE protcill bouml ChI, thi~ 

protein in alllikelihood the Cbl carrier identificd in the aforementioned study (X, 10,17). 

23 E.coli mANSPORT MUTANTS 

Mutants have been idcntified at evcry gene locus involved in vitam in 13 12 

metabolism in E.coli, and have been invaluable in the investigation of the pathway. 

The mutant in the receptor function is designated the btuB mutant, and is cither 

deficient in energy-depcndent transport across the outer membrane (da~~ 1 mutants), 01 

e1se laeks binding ability for Cbl (class II mutants) (16). TonB mutants abo are unahle 

to internalize Cbl due to their inability to stimulate the rdease of Chi l'rom the rccepto/ 

(12). BtuC and btuD mutants fail to transport Cbl aeross the inner membrane (14,15). 

6 



BtuE, howcver, does not seem esscntiaI for ChI transport (10). 
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CHAPTER3 

COBALAMIN TRANSPORT IN MAMMALS 

3.1 <l>l TRANSPORT IN MAMMALS 

Dietary Cbl is mostly bound to protein at the time of ingestion, ami is 

subsequently released by the action of add and pepsin in the stomach. Chi is then bouml 

by a group of proteins called R bindcrs, named such for their rapid l110tility timing 

electrophoresis (20). R proteins arc glycoproteins which have a high alTinity fOI Chi, and 

are present in plasma, most secretions, and in the cytoplasm of many cclls (cg. plaldcts, 

erythrocytes). TCI, TCIII, cobalophyllin, and haptocorrin arc exampk1> 01 R bllldels 

(20,22,23). They have a high affinity for many corrins. and "",hile thcir physiological 

significance is still unclear, it has bccn suggcstcd that they ph\y a role in the removal of 

potentially harmful Cbl analogues from the circulation (21,23). R hindels in the plil1>I1W 

are c1eared by the liver, and thcn releascd into the hile. Bere Chi may he more 

specifically reabsorbed in the small intestine. R hinders in the gut may ahsOIh Chi 

analogues in the food, and may also play a bacteriostatic clTect hy denying availabilily of 

Cbl and Cbl analogues ta bacteria which ID:Jy require them for growth (20). 

3.2 INTRINSIC FACfOR 

Once Cbl has been digested frec ofR bindcrs in the small intestine by pancleatic 

enzymes, it then binds ta intrinsic factor (21,23). This protcin is synthcsizcd in the 
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FIG.2 PROPOSED SCHEME FOR TIIE ABSORPTION OF 

DIE'fARY COBALAMIN. IF = Intrinsic factor; R = R 

bindcr. Reprinted from Seetharam and Alpers (20). 
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fundic mucosa of the stomach, more specifically, the parietal cell. Its production and 

release is stimulated hy hormones and fcod. IF recognizes a more narrow range or 

corrins, and where R protcins hind Cbl more tightly, IF binds Cbl more stringently 

(22,23). The ChI-IF complex binds to specifie receptors present on the luminal ~idc of 

enterocytes located in the brush border of the distal ileum. This binding requires the 

presence of Ca2+ ions and a pH between 5 and 7.5 (23). ACter the attachment of the 

Cbl-IF complex to the reccptor, there is a dclay of 3 to 4 hours before Cbl appears in the 

pOltal circulation (19). The complex is taken up into the enterocyte through an energy 

depcndcnt mcchanism (23) and ChI is rc\cased from IF in the cnterocyte. The 

mechanism of Ihis rclease is still uncertain but has bccn shown to occur at a pH of 5, 

which is consistent with lo~alization to lysosomes or endosomes (19). There has not as 

yet heen data ta show recyc1ing of IF to the brush border membrane. 

{ ... 

3.3 TRANSCOBALAMIN n 

It is in the enterocyt(.. where ChI binds to the protein carrier TC II. This protein 

has a putative rnolecular weight of 38,000, and is present in plasma, spinal lluid, semen 

and cxtracc1:ular lluid (20,22). TC II is made by a variety of cells, incJuding fibrohlasb, 

endothclial cells, amniocytes, and sorne others (nol in Iymphoblasts) (22). TC Il accounts 

for only a smaU amount of total Cbl binding activity in human plasma, but il rcprcscnts 

the only phsiologicaUy active Cbl available (20). Ali newly absorbcd Cbl will be round 

bound to TC II in the circulation. 

1 r 
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3.4 0>1 ENTRY INTO CELLS 

The TC II-Cbl complcx binds ta specific r<!ceptors which arc lhollghl 10 b~' 

present in ail human cells (23). Binding requires the presence of calcium ions, allli Ih~'n 

is followed by an energy dependent endocytic inlernaliLation. A very sm ail amollnl ul '1'<.' 

II-Cbl has also shawn ta have bccn taken up by nonspecilic rinOl:yto~is (26). 

Evidence that cells have the ability to take up free Chi has also hcen UIlCll\'CI cd. 

This process contains a specifie, saturable, low capacity compollent which is l'a:! t 

independent, and requircs an intact clcctron transport chain (WH). This procc:-s wuld 

explain the improvement of patients with TC II delicieney that arc trcated with high do:-.l':

of OHCbl or CNCbl. 

3.5 INTRACELLULAR 0>1 MET ABOLISM 

Once the TC II-Cbl complex is internalized, Cbl is digested frcc in the rc:-ultant 

lysosome, and TC II leaves the eeU in fragments (26). The relea:-.e and llJgestion 01 the 

complex and subsequent cfflux of Cbl inta the cytoplasm has heen !.hown 10 he inhihited 

by chloroquine, which accumulates in endosomes and prevent!. the generation or a Il lW 

pH. This demonstrates the need for a low pH to generate the relca!.e of Chi from TC 

II (22). At this point, Cbl may now cfflux across the endosomal membrane into th~' 

cytoplasm. As of yet, the mechanism of the cftlux is not known. Onc.:c in the cytoplasl11, 

the cobalt core of Cbl may undergo a reduclion from CO"H to Co2+, and Cbl2+ may lhen 

bind ta methionine synthase and beeomc mclhylalcd 10 form mcthyl·Chl. Al lhi~ poilll 

it is ready to participate in the methylation of homocysteine tn form melhionine. The 

other option Cbl has in the cytoplasm is to move inlo the mitochondrion in thl! Cbl1+ 01 

Cb12+ form. Once in the mitochondri0r. Cbl is furlher rcduccd to Chll +, and i:-. Ihl!11 
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convcrtcd ta adcnosyl-Cbl. At this point, Cbl is rcady lo assisl mcthylmalonyl-CoA 

mutasc in the isornerization of rnethylmalonyl-CoA ta succinyl-CoA 

12 



FIG.3 GENERAL PATHWAY OF INTRACELLULAR 

COBALAMIN METABOLISM. TCII == lranscohalamin 

II; OHCbl = hydroxocohalarnin; Chl l +.2+,1+ == cohalamin 

with 1 +,2+, or 3+ oxidalion slall! of its cobalt corl!; MS

MeCbl = rnethionine synthasc hound rnclhylcohalamin; 

AdoCb! = 5'deoxyadcnosylcohalarnin. Rcprinlcd l'rom 

Cooper and Rosenhlatt (22). 
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1 CHAPTER4 

COBALAMIN-DEPENDENT ENZYMES 

4.1 COBALAMIN-DEPENDENT ENZYMES IN MICRO-ORGANISMS 

The most extensive work donc on micro-organisms has focmed on Eschcl iclllll 

coli, therefore this is the only organism 1 will discuss. 

Ce1ls of E.coli cannot make the corrin ring hut they have the elllymes to mnvell 

CNCbl or AquoCbl into coenzyme forms. There are two Chl-dependcnt cnzymes in 

E.coli: the adenosyl-Cbl-dcpendcnt cthanolaminc-ammonia Iyase (EC 4.:t 1.7), a nl! 1 he 

methyl-Cbl-depcnden t mcthylfolatc-homocystcinc mClhyltransfcrasc (EC 2. t. 1. 1 ~). Thl' 

first enzyme is required only when cthanolamine is the !>olc nitrogcll source availahk 

The Cbl-depcndcnl. methyltransferase, which is the product or the MetH gell", i~ 

responsibIc for the biosynthcsis of methioninc. E.coU also po!>sess a Chl-indepcndcl11 

methyltransferase which is the product of the MetE gcnc (5-

methyltetrahydropteroyltriglutamate-homocysteine methyltrallsferasc, EC 2.t.1.14), amI 

thus they can grow in thc absence of methioninc and ChI. Howcver, E.co/i eclls do prdcl 

to use the Cbl-Jependent enzyme if Chi is available. In fact, the MelII holocll/yl11l' 

represses the MelE genc product (6). 

The Me tH gene product is a monomeric enzyme in E.co!i B, and con tains 1 mole 

of cobalamin per mole of cnzyme. It also con tains 1 mole of copper per mole olcllIyme

bound cabalamin (in addition ta cobalt), but since the strain of E.co/i narm:d K- 1 2 lack., 

staichiametric capper (0.1 mol/mol Cbl), it probahly does not play a crucial calalytic roll: 

(30). 

Tryptic digestion of the native recomhinant enzyme t'rom E.co/i yic\tkd 2 
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fragments of 95 and 35 kDa on a nondenaturing gel which resulted in a loss of activity 

(106). Further digestion resulted in the instability of the 95 kDa fragment and the 

subsequent appearance of a 68 kDa and a 28 kDa fragment. On the nondenaturing gel 

a 28 kDa fragment was assl,ciated with Cbl (it was pink on the gel, and methyl-Cbl is pink 

in colour), and is thus believed to encompass the Cbl-binding region of the enzyme. 

From sequence analysis, the secondary structure of Lhe Cbl-binding domain is believed to 

be comprised of alternating alpha-helices and bcta-sheets (106). 

The MetH gene product uses the mono and polyglutamate forms of 5-

methyltctrahydrofolate as methyl group donars to the Cbl to form me.thyl-Cbl (the mctE 

gene product ust;,;; only polyglutamate forms). However, the enzyme must be activated 

for catalysis by reductive methylation involving S-adenosylmethionine and an elcctron 

donar (30). Studies have uncovered the reducing system used by E.coli, and il involves 

two components called the R component and the F componcnl The R component is 

an NADPH-depenJent flavoprotein which contains FAD as its prosthetic group, and the 

F component is a flavodoxin which has FMN as its prosthetic group (31). The electron 

transfer sequence seems to be NADPH to R to F to methionine synthase (the M 

component). The activation of the M componcnt (MetM gene product) is presurncd to 

involve the reduction of enzyme bound Cbl from cob(II)alarnin to cob(I)alamin, and then 

the suhsequent rncthylation of cob(I)alarnin by AdoMet to form MeCbl (31,32). 

The mechanism of this reduction in vivo has previously been puzzling since the 

low midpoint potential (-526 rnV for the cob(II)alamin/cob(I)alamin couple bound to MS 

at pH7) of this redox couple rcnders this reaction thermodynamically unfavourable. Il has 

been deterrnined that the highly exergonic reaetion of the methyl group transfer from 

AdoMet to cob(I)alamin cou Id be used to drive the endergonic reduction of cob(II)alamin 
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1 at potentials as high as -82 mV. This explains the nccd for AdoMct as a methyl group 

donor for activation of the enzyme, sincc the methyl group transfer l'rom MeTIIF docs 

not release enough energy to drive the initial rcduction (the rcdox couple potential in the 

presence of MeTHF rises only to -450 ID V)(7). 

The MetH gene has been cloneû (33), using rncthionine-rcquiring nutl ilional 

auxotrophs of E.coli that were deficient in the MetH or MelE gene products, mcllt· and 

rnetE-. MetH and MetE genes have been shown to be subjcct to positive rcgulalilln hy 

the MetR gene product which is a trans-acting transcriptional activator, and binds 10 an 

upstream region in the E.coli MetE gene. A similar sequence has bccn discovcrl'd 

upstream of the MetH gene. AdoMet has also been demonstrated to nct as a I1HIJOI 

regulator of methionine biosynthesis by combining with an aporepressor protein, the MeU 

gene product, to inhibit transcription of enzymes involved in mcthionine bi{)~ynlhc~is 

(30). 

4.2 COBALAMIN-DEPENDENT ENZYMES IN MAMMALS 

4.21 Methylmalonyl-CoA mutasc 

Methylmalonyl-CoA mutase (MCM) (EC 5.4.99.2), is a mitochondrial ent.yllle 

which uses 5'adenosyl-Cbl as a cofactor and catalyzes the isomerization of Illcthylmalonyl

CoA to succinyl CoA, although this pathway is not a quantitativcly important source 01 

succinate in mammalian ceUs. This is an intermediate step in the degradalion 01 valine, 

isoleucine, threonine, methionine, odd chain fally acids, choksterol, and thymine (14). 

MCM is found in most mammalian tissues, and the holoenL:yme has becn found 

to have a molecular weight of 165,000, with 2 molccules of adenosyl-Cbl bouml pcr 

molecule of enzyme (35). 
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FIG.4 COB,A_LAMIN-DEPENDENT INTRACELLULAR 

REACTIONS. Reprinted from Fenton and Rosenberg 

(67). 

17 



Sil 
1 

CII 2 1 
~"2 Me -II., rolnl!' Il,, 'olole 

HC- Nt-l 2 °1 
COOH 

Ilomocysteine 

Cil 
1 .3 

HC-COOH 
1 
COSCoA 

L- Methylmolonyl- CoA 

Me 1 hyll rails f erase 
ME. rIIYLCOBI\LI\Mi~~ 

l 

ADENOSYLCOBALAMIN 
Mulase 

CII 3 1 

Sil 
1 
Cil.., 
l ,-

CII 2 1 -

IIC-NII ... 
1 t:. 

COOII 

Melhionine 

CII2 -COOII , 
CI12 -COSCoA 

Succinyl - CoA 

• 



MCM has recently becn cloned and scquenced (36) ~nd located to chromosome 

6p12-21.2. The enzyme is a homodimcr with idcntical subunits of 72-77xl06 Da (37). 

This mitochondrial protein is encaded by a nuc1car gene and is synthesized in the 

cytoplasm as a larger precursor. The protein then undergoes transportation to the 

mitochondrial matrix where it is post-translationally processed; these two events are tightly 

linked and are (..lergy dependent (38). 

4.2.2 Adeoosyl-Olbalamin 

Adenosyl-Cbl is the form in which Cbl acts as a cofactor for the mutase enzyme, 

and is synthesized in the mitochondrial matrix by the enzyme 5' -adenosyltransfcrase (EC 

2.5.1.17). Vpon ~ntry into the mitochondrion, cob(III)alamin or cob(II)alamin undcrgo 

a reduction ta cob(I)alamin, which is then converted to 5'deaxyadenosyl-Cbl by the 

enzyme adenosyltransferase, a mitochondrial matrix enzyme. It was shown in 1978 (39) 

that intact rat Iiver mitochondria were capable of making adenosyl-Cbl from OHCbl, 

requiring only a source of reducing equÏ\alents (glutamate or NADH) and a source of 

ATP. This confirmed previous observations that combined cob(II)alamin reductase-

adenosyltransferase activities are present in humao skin fibroblasts. This also suggests the 

presence of cob(III)alamin reductase. To date, no transport system has hecn 

demonstrated for the entry of Cbl ioto mitochoodria. 

4.3 METHIONINE SYNlHASE 

Methionine synthase (5-methyltetrahydrofolate:homocysteine methyltraosferase) 

(EC 2.1.1.13) is a cytosolic enzyme which catalyzes the methylation of homocysteinc to 

farm methionine. Methyl-Cbl is the cofactor form of Cbl for this enzyme. Methionine 
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is an essential aminoacid in mammals, and is uscd in protcin and in Atlo!\fct synthl'1>i\. 

The mammalmn enzyme has not bccn as welI characterizcd as thc Illctll gcnc pllllluct. 

but both appear very similar in their catalytic propertics. 

MS has not yet been clol1cd, but il has becn isolated from several animal SOlllL"CS 

including porcine kidney and liver (41,.12) and from human placenta (40). MS has hecn 

locnlized to chromosome 1 through the sGarch of MS activity in rodent-human ccII hyhl ids 

from which human chromosomes were lost with each passage (43). MS purilïed l'rom 

human placenta was demonstrated to have a molecular weight of 160,000, and appc'llcd 

to be a mono mer. On an unreduced polyacrylamide gel, human placental extl ad yicldcd 

a major band of 160,000, and only traces of two ather bands of SO,OOU and 70,000 On 

a reduced gel, human placental extract yiclded tluee bands of 90,()()O, 45,()()(), and 1S,()()I), 

which suggests a somewhat complex subunit structure. MS conlains 2 moles ni ilon pl'I 

mole of enzyme, which may be rclated to a reducing function. Il has bcen p01>tulatcd that 

the lower subunits may bind the iron and aet as FAD ami FMN as in the miclO

organismal system (see section 4.1) (40). 

The specifie activity obtained for the enzyme isolated from human placenta was 

0.014 j.lmol min·t mg prot.-1 at37° C (40). This corresponds to a turnover number of 2.2 

min·t • The pig liver enzyme, however, had an estimatcd turnover nllmher of 670 llIin-1 

(42), and the partially purified pig kidney MS demonstrated a specilic aetivity 01 0.9 ullloi 

min'} mg prot:l (41). Thesc resulLs suggested that the enzyme isolatcd l'rom the human 

placenta may have been grossly inactive (30). The turnover obtaincd from Lhe pig livel 

MS carresponded more closcly ta that obLained for Lhe E.coli enzyme, 1300 minot at 37() 

C (107). 

MS activity has bcen dcmonslrated in hu:nan fibroblasts, and maximal aClivity was 
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1 observed in la te stationary phase fibrobla:;t ceUs (111). In most other cens studicd (cg. 

human Iymphoblasts), however, MS activity has usually been highest during the rapid 

growth phase (44). Although MS is close in size to MCM, the two have been succcssfully 

separated on a native polyacrylamide gel (62). MS is present in most tissues, but not in 

the mucosa of the small intestine (44). 

43.1 Methyl-Cobalamin 

Methyl-Cbl is the coenzyme form of Cbl for the formation of methionine l'rom 

homocystcine, a reaction catalyzed by the enzyme mcthionine synthase. Methyl-Cbl is the 

major circulating Cbl species, accounting for 60 to 80% of total plasma Cbl (52). The 

formation of mcthyl-Cbl occurs once cob(II)alamin has baund ta MS and rcceivcs a 

methyl group from either AdoMet or 5-MeTHF (see section 4.3.2). 

4.3.2 S-Adenosylmethioninc 

Adenosylmethionine (AdoMet) is a crucial methyl group donor involved in the 

biosynthesis of a variety of cornpounds, such as epinephrine and creatine. 

MS requires AdoMet and a reducing system to activate the catalytic activity of 

the enzyme, as in the case of the E.coli methyltransferase. AdoMet provides the initial 

methyl group for the methylation of cob(II)alamin bound to MS (45). After the 

methylation of homocysteine, cab(I)alamin is left bound ta the enzyme. Subsequent 

mcthyl groups are then provided by 5-methyltctrahydrofolate, until CbI undergoes a 

spontancous oxidation to cob(II)alamin, whcreupon it once more requires AdoMet and 

a rcducing system to gencrate methyl-Cbl. In stopped-f1ow kinetic studies, evidence was 

obtained that both cob(I)alamin and methyl-Cbl are kinctically competent catalytic 
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1 intermediates (30). 

AdoMet may be required for activation in order to drive the high!y cndclgonic 

reduction of cob(II)alamin (7), as dcscribcd in section 5.1. AdoMet also is involvcd in 

the regulation of methionine synthcsis, with high lcvcls inhibiting the produclion 0\ 

me thionine (46). 

An MS-associated reducing system has not yet bccn dcmonstratcd in mammals in 

vivo, but partially purified enzyme is associatcd with thiol oxidasc activity. and thus Ihiob 

may serve as the physiologieal reductants for the mammalian enzyme (47). 

433 5-Methyltetrahydrofolate 

Conservation of cellular methioninc is only one function of MS. Anlllhcl 

important function is the regeneration of tctrahydrofolate. which is cssential in othcl 

pathways of one carbon metabolism. including the biosynthcsis of purines. py' imidine:-.. 

and serine. The enzyme methylenetetrahydrofolate reductase (E.c. 1.5.1.20) catalylcs the 

reduetion of CH2 THF to MeTHF, a reaction that is irrcvcrsiblc. and commit:-. folalc

bound l-carbon units for the methylation of homocystcinc. McTHF is the majO/ 

circulating form of folate, and if MS is nonfunctional, 5-MeTHF cannol bc convcrlcd ln 

THF, which is nceded to replenish the cellular folylpolyglutamatcs. The rc:-.ult is a 

depletion of CH2THF which is required for thymidylate synthe~ls, and an accumulation 

of 5-MeTHF which is called the cellular rncthyl trap hypolhcsis. The tola1 intraccllular 

folate then decreases, due to the fact that 5-McTHF is a poor :-.uhstratc for the clllymc 

folylpolyglutamate synthase, which gcncratcs folylpolyglutamates (folate compounds with 

more than one glutamic residuc attached). Thcsc forms arc cssential for the intraccllular 

retention of the vitamin, since the monoglutamatc forms may diffu:-.c out of the ccII (30). 
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Methionine synthase uses MeTHF in the polyglutamyI farm only slightly preferentially 

over the monoglutamyl farm (22). 

43.4 Nitrous oxidc 

In humans, nitrous oxide (N20) irreversibly inactivates methionine synthase, and 

prolonged exposurc results in megaloblastic anemia (49). Repeated exposures results in 

ncurological problems such as subacute combined degeneration of the spinal cord (50). 

Inactivation was shown to occur only in the presence of ail the components needed for 

MS turnover, and thus it was postulated that nitrous oxide intcrcepts the transient 

cob(I)alamin according to the following reaction: 

cob(I)alamin + N20 + H+ ----. cob(I)alamin + N2 + OHe 

The generation of the hydroxy radical at the active site may explain the irrevcrsible loss 

of activity (30). 

4.3.5 Bctaine homocysteinc methyltransfcrase 

This enzyme (EC 2.1.1.5) catalyzes the generation of methionine l'rom 

homocysteine Iike MS. However, several Iines of evidence have suggested that MS is 

more significant for the maintenance of tissue methionine. For example, MS is present 

in almost ail mammalian tissues, and betaine methyltransferase has been found only in the 

Iiver and the kidney (51). 
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CHAPTER5 

INHERITED DEFECfS OF VffAMIN BI2 \1ETABOLISM 

5.1 DEFEGnVE ABSORPTION OF 0>1 

5.1.1 Defective Intrinsic Factor 

Intrinsic factor (IF) is synthesized in the gastric parietal ccII (63), amI thus ally 

conditon which dcstroys the gastric mucosa would result in a dcficit of IF. The u~lIal 

cause of an IF problem is the immunological destruction of the gastric mucosa, and this 

causes pernicious anemia. There are also cases of patients with normal IF secretion and 

abnormal Cbl absorption; when Cbl is mixed with normal gastric juicc the ah~ol pllllil 

becomes normal. In sorne patients, this problem has been dcmoJ1stralcd 10 he the Icsull 

of an abnormal IF protein with lowered affinity for the ilcal reccplor (64). This may also 

be the result of the secretion of a labile IF protein with a lowcrcd aflinity for Chi (hS). 

5.1.2 Defective 0>1 transport by enterocytcs 

Many cases have been reported of patients with abnormal Chi absorption with a 

normal secretion of a functional IF protein, normal TCII levcls, normal intcl\tinal and 

gastric morphology, and no antibodies against IF in the serum. Thesc cases havc abo nol 

been corrected by the addition of normal IF (22). Symptoms include mcgaloblal\lic 

anemia, serum Cbl deficiency, and many patients also exhibit proteinuria. In SOI1lC 

patients the problem has bcen dcscribed as a dcfect in or absence of the Ilcai cell IF-Chi 

receptor; this has been referred to as the Immerslund-Grasbcck syndrome (ôH). SOl1le 

patients, however, have been shawn to have normal reccptor aetivity, ami the tierce! 

probably rests within the ileal cell itsclf (22). 
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5.1.3 Pancrcatic insufficicncy 

Pancreatic insufficiency could cause Cbl malabsorption due to the lack of tryptic 

digestion of the R binders and the subsequent release of Cbl to allow binding to IF. 

Diseases of the small bowel, due to destruction of the absorption site, could also rcsult 

in Cbl malabsorption (22). 

5.1.4 TCD DEACIENCY 

Patients with this condition are usually normal at birth, with symptoms typically 

occurring in the first two months of Iife. Symptoms usually consist of vomiting, pallor, 

wcakness, pancytopcnia, or megaloblastic anemia, and ncurological disease a few months 

after the initial manifestations. Tell has been dcmonstrated to be absent from thcsc 

patients plasma when tested for CbI binding capacity. These observations suggested that 

TCII synthesis by enterocytes was probahly required for IF medial~d transport of Cbl 

across the ileal ccli (22). 

5.1.5 R-Bindcr Dcficicncy 

Only a few cases have bcen described with this condition, but there has been no 

evidence of adverse cffects. The serum Chi is usually in the deficient range, but the TCII 

Icvels are normal (22). 

5.2 DISORDERS OF <l>1 UTILIZATION 

5.21 Genelic complcmcnlalion groups 

Different classes of mutations in the intracellular utilization of CbI have been 

dclineated through the use of tissue culture complementation assays. In the MCM branch 
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of the pathway, a complementation test was devcIoped to analyle Sl!ndai virus-indul:l..'d 

heterokaryons formed from mutant pairwise mixing of mutant fibrohlast lines (70), tlm 

was based on the report by Hill and Goodman (71) that 1 ihrohla~t monlllaYl'1 ~ 

ineorporated 14C from e4C)propionate into trichloracetic acid-precipitablc malL'lwl 

Polyethylene glycol (PEG) was la ter used as a fusing agcnt (72). If the uptake ni lahd 

was increased in fused cells versus unfused cells, it \Vas said that the two cdb lilll'~ 

complemented each other, and presumahly represented ddects at two dilfercllt genetlc 

loci. Thcre was always absence of intracIass and sclf-complcmentation. Alllltlll'l 

complementation test was developcd to analyle dcfccts in the mcthionine synthasc hl anch 

of the Cbl pathway. This test measured the incorporation of e-1C) from (11C)MeTII F 

into acid-precipitable material via synthesis of e4C)methlonine (72)_ 

5.22 Methylmalonic aciduria (MMA) 

Methylmalomc acid and its immediatc precursor, propionate, arc dcteclablc III 

normal human blood, urine and cerebral spinal Ouid only in small amounts, In the urine, 

the normal amount of mcthymalonic acid excreted is in the range of less than 15-20 jlg/g 

creatinine. In methy!malonic aciduria, the levels of rncthylmalonic acid excn . .:ted Cilll 1 each 

levels as high as lOOmg to even 2g per g of creatinine (22). MMi\ is an inhel ited 

disorder which presents in patients as cIevatcd levels of rnethylmalonic acid, kctom.:~, and 

glycine in the blood and urine, This usually resulls in metaholic acidosis, kcto~is, and 

hyperammonemia. Approximatcly half of the patients may also have hematologic 

abnorrnalities, despite experiencing normal serum Chllcvels (7]). MMA can rc!'ull J'rom 

genetic dcficiency of the MCM apoenzyme, a nutritional dc1iciency of Cbl, or a gt.:nctic 

deficiency in the synthcsis of the MCM coenlymc, adcnosyl-Cbl (74)_ Iknign, 
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asymptomatic methylmalonic aciduria has also been observed through routine newborn 

screening (75). Analysis of two sibs with benign MMA revealed a mutation involving the 

MCM apoenzyme, which illustrates the enormous heterogeneity in clinical presentation 

of this disorder. 

The classification of MMA is based largely on complernentation analysis. 

5.23 Dcfccts in Methylmalonyl CoA mutasc 

The mut class represents patients with a defective or absent activity of the enzyme 

rnethylmalonyl CoA mutase and can affect as many as 1/29,000 newborns (75). Patients 

with this disorder arc usually normal at birth, and develop symptoms rapidly with protein 

feeding. As in the cblA and cblB groups (see 5.3.1), symptoms can include MMA. 

Icthargy, failure to thrive, vorniting, and others due to the accumulation ofrnethylmalonic 

acid and the resulting rnetabolic acidosis, ketosis, and death. Although the clinical 

symptomatology of chIA, cblB and mut are similar, cblA and B tend to be less severe (76). 

Mut patients have been c1assified into two groups based on the activity of their 

MCM. MutO patients have no detectable mutase activity in thcir fibroblasts as measured 

by e4C)propionate incorporation, and no detectable MCM activity in their ccli cxtracts. 

Amongst mutO patients, sorne have demonstrated no protein synthesizcd, sorne have 

synthcsizcd unstable protein, and one case has demonstrated a mutation that intcrfercs 

with mitochondrial import of the premutase proteine Another line was discovered that 

carries a mutation that prevents normal mitochondrial processing of the premulase 

protcin (77). 

The second group of mut is called mur, and these patients demonstrate rcsidual 

mutase activity when large amounts of adenosyl-Cbl are added to their intact fibroblasts. 
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1 Sorne patients have shown an MCM protein that has a lowered al1ïnity for AdoCbl (76). 

53 DISORDERS OF 0>1 MEfABOLISM 

Through complementntion analysis, seven distinct groups of mutants or Chi 

metabolism have been identificd and dcfincd alphabctically as cblA through G (22). 

53.1 O>IA and cbm 

CblA and cblB represent two different complernentati0n classes that have a tlercet 

in the synthesis of the coenzyme adenosyl-Cbl. Bath dcfecls usually present \Vith 

methylmalonic aciduria. Syrnptoms usually arise within days after hirth to 1 ycar or age, 

and consist of (in addition to MMA), lethargy, failure to thrive, vorniting, dchytlralion, 

respiratory distress, and devclopmental retardation, among nthers. Thcse ~ymploms arc 

related to the accumulation ot rnethylnl:Jlonic acid in the plasma, wilh resulting 

metabolic acidosis, ketosis, and excretion of metabolite in the urine. 

CbIB has been dctcrmined to be the rcsult of a defcctive or ahsent aClivity 01 the 

enzyme Cob(I)alamin:ATP-adenosyl transfcrase (EC 2.5.1.17), whkh synthesizcs 

5'deoxyadenosyI-Cbl from cob(I)aIamin (77). Intact fihrohlasts and ccII cxtrads have 

shown deficient activity of this enzyme, and low levcls of adenosyl-Chl. 

CbIA patients have also shown ab normal synthesis of adenosyl-Chl in tht:ir intact 

fibroblasts and low levels of adenosyl-Cbl, but thcir ccII cxtracts have shown normal 

adenosyl-Cbl synthcsis (77). The dcfect is as yet unknown, hut it may involve the 

reduction of cob(II1)alamin or cob(II)alamin to coh(I)alamin. 

Most of these patients (roughly 70%) respond weil to parenteral Chi therapy, 

although cblA seems to respond better than the cblB group (22). 
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F1G.5 INBORN ERRORS OF VITAMIN B12 MEfABOUSM.. The letters A 

through to G represent different classes of Cbl mutations at their putative 

sites along the Cbl pathway (chiA - cbIG). Cbl = cobalamin; Cbl1+,2+.3+ 

= cobalamin with 1 +, 2+ or 3+ oxidation states of the cobalt core; 

OHCbl = hydroxocobalamin; MS-MeCbl = methionine synthase bound 

methylcobalamin; AdoCbI = 5'deoxyadenosy1cobalamin; TCIl = 

lranscobalamin II. Reprinted from Rosenblatt and Cooper (110). 

28 



1 

TCII 

onCbl 

Inborll Errors of Vitamill B12 (CbI) 
Metabolislll 

F 

-=====:" Methionine flonlocystolnlt --
M:;.r,ieCbl 

GIE 
C,D 

OtlChi ___ +_ 

(CbP') 

Cb12+ 

~A 
Chi' + 

r
-:) ArlOnOSYI~ B 

Iransloraso ~ 
- J AdoCbl 

~
l-mltthYlmaiOnYI CoA • SucclnylCoA 

MutaSl 

_1L~_fL_lL_ 



A third, related, complementation group (consisting of one patient) has bccn 

revealed reccntly (78) that behaves clinically and biochemically as a cblA In addition to 

a similar clinicat picture that includes MMA and ketotic hyperglycinemia, intact fibroblasts 

have demonstrated low levels of adenosyl-Cbl, and low MC.1 activity. Cell ext racts 

demonstrated a normal MCM activity. This cellline, however, complemented with cblA 

and cblB ccII lincs. This complementation group has been tentatively ca lied cbIA', and 

demonstrates that cblA may affect at least two genetically different abnormalities. This 

indicates that at least two gene products in addition to adenosyltransferase are required 

to generate adenosyl-Cbl in the mitochondrion (78). 

5_3.2 o,lC and chIO 

CblC and cblD patients usuallly exhibit homocystinuria and methylmalonic 

( aciduria, hypomethioninemia, and megaloblastic anemia, due to a dcfect in the synthcsis 

of both Cbl coenzyme forms, adenosyl-Cbl and methyl-Cbl. 

CblC patients exhibit neonatal onset of failure to thrive, feeding difficuIties, and 

developmental delay. Sorne patients had hypotonia, microcephaly, and seizures. Most 

had megaloblastic anemia, and their serum folate and Cbllevels were normal or e!evatcd. 

Sorne patients have died, and the rest rcmain permanently impaired, despite treatrncnt 

with OHCbl (22). CblC cells exhibit low levels of adenosyl-Cbl and methyl-Cbl, and total 

Cbl accumulation is only about 1/3 that of controls (79). Studies using gel filtration and 

polyacrylamide gel electrophoresis demonstrated a complete deficiency in binding of 

labelled Cbl ta any Cbl-depcndent apoenzymes (80). Cellular uptake of Cbl studics, 

howevcr, have shown that cblC cells are able to take up Cbl-bound Tell into endosomcs 

and hydrol}'1.e the complex ta the same degree as control ce lis (81). Extracts of thcsc 
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1 mutant cells have also shown an ability to synthcsizc adenosyl-Cbl l'rom c1ll'mÏl:ally 

reduced Chi (82). 

CblC disease exhibits sorne heterogencity, in that there is another group of chiC 

patients which exhibit late onset disease, which presents with a very mild l'mm of lh~ 

ilIness. Treatment of these patients with OHCbl appcars to arrest and revel~~ Ihe 

abnormalities, and ).;:aves the patient with very little dcficil (76). 

CbID, which is comprised of only two brothers, rcsembles late onset chIC discasc. 

The original proband presented at age 14 with behavioural problerns and mikl mental 

retardation, and was subsequently shown to have MMA. At the time of his diagno~is, his 

two year old sibling was asymptomatic (67). 

CeUs of cblD patients have bcen shawn ta exhibit sorne holoMS amI holoMCM 

activity (80). Polyaerylamide gel electrophoresis has also demonstralcd hinding of 

radioactive Cbl to me thionine synthase, and a very ~~mall amount 10 MCM. Comparcd tn 

the highest chiC values, chlD cells showed propionatc fixation and 5-McTIIF fixation at 

50% and 100% higher respcctively (80). ChlD cc Ils have also shown an ahility 10 rCll10vc 

the eN group from ChI at a level interrnediate thal of chIC (tolally dcficienl in thi~ 

ability) and control (43). 

533 CblF 

To date, two patients have hecn discovered that have chlF disease. The original 

proband presented with stomatitis, glossitis, convulsions, and nconatal Chl-resp()n~ivc 

MMA Fibroblasts frorn this patient showed an ahnormality in adeno~yl-Cbl and melhyl

Chi synthesis, although this patient never exhibited homocysteinuria or rncgaloblastic 

anernia. Fihroblasts dcmonstrated a severe deficiency in both holocnlyrne activities, and 
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low degrcc of Chi responsivcness. Total Chi uptake, however, was higher than that of 

controls. Cellular fractionation studies showed that most of the Cbl in these cells wcrc 

in the lysosomes and were present as CNCbl. Thus the defect in cblF cells seerr.s to be 

in the efflux of Chi out of the lysosome (83). 

5.3.4 o,œ and chiO 

Both cblE and cblG mutant classes possess a functional dcfect in the synt t1esis of 

methionine, a reaction that is catalyzed hy methionine synthase. Patients from both 

groups may present, usually by the age of two years, with vomiting, poor feeding, 

devclopmental delay, and neurological p-oblem.; ranging from visual deficits to seizures, 

hypo or hypertonia, to microcephaly (22,85). Patients also tend to exhibit homocystinemia 

and homocystinuria, megaloblastic anemia, and hypomethioninemia. Ali these symptoms 

rcspond to sorne degree to ORChI treatment, with the neurological dcficits being the 

most rcfractive to treatment. One case of cblE was diagnosed prcnatally (an older sibling 

was already diagnosed with cblE disease (86»), and was treated in utcro and post natally, 

has sincc shown no cH~ical symptoms, and has developed normally (87). This patient's 

fibroblasts are not distinguishable from other cblE fibroblasts in culture. 

Most cases exhibitcd no methylmalonic aciduria, but there was one case of cblG 

disease with transient MMA (88). Symptoms from thcse two classes arc extremcly 

hetcrogcneous, and do not distinguish cblE from cblG. One cblG patient in fact 

prcsentcd in adulthood with ataxia, and this patient's fibroblasts are not distinguishable 

from other cblG fibroblasts in culture (84). Despite the c1inical similarities, cblE and cblG 

belong to two scparate complementation groups, and th us may represent defects at two 

scparale gcnetic loci (89). 

:1 ... 
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1 Fibroblast cultures from ail thcse patients tend ta exhibit pOOf growth in media 

where homocysteine replaces methionine, normal Cbl uptakc and accumulation, nOI mal 

adenosyl-Cbl levels and low methyl-Cbl levcls. Mcthyl-Cbl synthcsis in chlG patients 

tends to be Jess than in cbIE patients, but an ovcrJap does exist (RS). Polyacrylamide gel 

studies have also shown normal Cbl binding to both enzymes in cbIE and chlG ccII 

extracts (86,46). 

Methionine synthase assays performed on fibroblast extracts from cbIE and chlG 

patients yielded another area of differenee between thcse two classes. ChIE intact ccII 

methionine synthase aetivity, measured indircctly by the incorporation of 5-e 4C)MeTIIF 

into acid-precipitable material, yie\ded low activities whcn comparcd to control aClivilics, 

and was responsive to the addition of OHCbl to the assay (86). CcII exlracL'i, howcycr, 

demonstrated normal methionine synthase activity under standard reducing condition:. 

(150mM 2-mercaptoethanol). CblEextraets would only exhibit lower cnlyme activity than 

control extraets under substandard reducing conditions. Mixing of chIE cxtracls and 

control extraets under suboptimal redueing conditions were shown tn wrrc<.:t thl.: ddl.:ct 

in enzyme activity. From these results, the defeet in the chIE mutant was postlilall.:d to 

involve the maintenance of Cbl bound ta MS in a redul.:ed state; the dcreet would 

possibly affect a metbioninc synthasc-associated reducing system (86). Such a ~ystcll1 hm. 

been demonstrated to cxist in bacteria (sec section 4.1). but as yel, no sllch sy:.lcm ha:, 

been demonstrateù for the mammalian enzyme. Another observation 10 substantiatl.: this 

theOly is the fact that N20 cannot inactivate MS in cblE cclls, as it dOl!:' in wntlOl cells 

(sec section 4.3.4). N2 has becn postulated to react with Cb1 1+ bound to the MS 1.:111.yme 

during turnover, so tbus if Cbl! + cannot he generatcd, N20 cannot ÎnactÎvate the clllymc 

(86). 
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CblG fibroblasts have usually exhibited low methionine synthase activity in intact 

cells and in cell-Cree extracts under standard reducing conditions, leading to the conclusion 

that the cblG defect docs not involve a MS-associated reducing system (85). Recently, 

however, extracts from a cblG cellline have shown normal enzyme activities under ccrtain 

assay and growth conditions, exhibiting the heterogeneity of this dcfect (46). These same 

studics also dcmonstrated that in this and one other CblG cell line, the methionine 

synthase activity was sensitive to the concentration of AdoMet in the assay. Where 

control cells exhibited inhibition of MS activity in the presence of a large concentration 

oC AdoMet, cblG cells showed no such inhibition; these cblG cells also required a higher 

concentration of AdoMet to exhibit normal enzyme activity. From these observations, the 

deCect in cblG diseasc was postulatcd to involve the manner in which AdoMet associa tes 

with MS-bound Cbl. It has also been postulated that cblG disease may result [rom a 

defect in the MS prote in itself (89). 

MCM activity was also measured in intact cblE and cblG fibroblasts by the 

incorporation of label from (14C)propionate into acid-precipitable cellular 

ma:romolecules. Not aIl cell Iines showed normal activity, but the levels were never as 

low as those seen in mut, cblA, cblB, cblC or cblD mutants. 

CblE and cblG disease are both thought to be autosomal recessive disorders. 

Parents of the original cblE proband were examined for their synthesis of methyl-Cbl and 

intact cell methionine synthesis, and their values were found to be intermediate to the 

affectcd child and control values (87). 
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6.1 MATER.IALS 

CHAPTER6 

MATERIALS AND METIlODS 

Cell culture media was purchascd from Flow Laboratorics, Miss.Ont.; Felal Bovine 

Serum (FBS) was purchased from Gibco Laboratorics, Grand Island, N.Y., and Bm:knek 

Laboralories, Rexdale,Ont.; 5-[14C]mcthyltctrahydrofolate and 157CoICNCbl l'rom 

Amersham Corp., Oakville, Ont.; S-adenosylmethioninc, DL-homocystcinc thiolactone, 

5-methyltetrahydrofolate, and methyl-Cbl from Sigma Chcmical Co., St. Louis,MO; Bio

Rad AGIX8 resin, 200-400 mesh, chloridc form, acrylamidc, bis, rihotlavin and telllcd 

from Bio-R~d Laboratories, Richmond,CA; Bctamax scintillation cocktail l'rom leN, 

IlVine,CA.; and Formula 963 scintillation tluid and Protosol l'rom New England Nudcar, 

Boston, Mass. 

6.2 METIlODS 

6.21 ecu culture 

Skin fibroblasts were obtained with informcd consent from patients with mcthyl

Cbl deficiency. Fibroblasts wcre storcd at the Repository for Mutant lIuman Cclls, 

Montreal Children's Hospital (Montreal, Qucbcc). Ali ccII slrains were dClcrmined to 

be free of mycoplasma contamination bya modification of the method of Schneider cl al 

(109). Cultures were routinely maintaincd in 175 cm2 flal>ks (Falcon, Oxnard, Caltf'ornia), 

and were fcd twice a week with Eaglc's minimum csscntial medium wilh Earlc':; sall~, L

glutamine, and nonessential amino acids (MEM) supplcmcntcd with ]()% (vol/vol) l'etai 

bovine serum. 
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TABLE 1. CELL UNES USED IN TInS ~TUDY. MCH refers to 

c control lines obtained from the Montreal Children's 

Hospital Mutant Ccli Repository, and WG refers to 

mutant cell lines. Trypsinization refers to the number of 

passages a culture has passed through. 

( 
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1 TABLE 1. CELLI .. INFS 

MUTANT CELL CULTURE 
CELLLINE GROUP GENERATION TRVPSINIZA'IlON 

MCH39 control 25.5-29.5 15-20 

MCH45 control 23.5-27 18-21 

MCH65 control 10.5-16 5-8 

WG788 cbIE x+17.5-x+22 x+B-x+ 17 

WG1146 cbIE 11.5 7 

WG1296 cbIE x+14.5 x+14 

WG1384 cbIE x+l1.5 x+D 

WGl663 cblE x+5 x+:\ 

WG1401 cbIE 15.5 15 

WG1575 cbIE 14 12 

WG1205 cblG x+1O.5 x+1O 

WG1223 cblG 14.5-15.5 9-10 

WG1308 cblG 13.5-31 8-22 

WGI386 cblG x+8 14 

WG1408 cblG 11-13.5 5-8 

WG1505 cblG 32 16 

WG1595 cblG x+8-x+9 x+6-x+8 

WG1655 cblG x+1O.5-x+12 12-15 

WG1670 cblG x+ 13.5-x+ 18 12-15 

WG1671 cblG x+8-x+9.5 7-8 
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Cultures were kept al 370 C in 95%COz/5%Oz. Cultures of confluent fibroblast 

monolayers wcre halvcsted by washing cell surface with PBS buffer (PBS consists of, in 

Molar concentrations: NaCI (1.37), KCL (3.Ox102), Na2HP04 (8.OxlO·2), KH2P04 

(6.OxlO·3), glucose (6.Ox1O·2), and chloroform (0.2% v/v» three times. Cells wcrc then 

released from the flask by incubating then with 0.25% trypsin for about 10 minutes at 

room temperature. Trypsinization was terminated by the addition of culture media. Cells 

were then washed with PBS and the pellet was resuspended in an appropriate buffer, as 

described below. 

6.22 Polyacrylamide gel dcctrophoresis 

Fibroblasts were incubated in 50 pg/ml [57Co]CNCbl + 10% human serum as a 

source of TC II for 5 days, trypsinized and then resuspended in 600 or 800 ~I of O.25M 

sucrose and 0.02M Tris HCI pH 7.4 (cells were resuspcnded in 800j.11 of buffer if the 

harvcsting yieldcd over 5Ox106 cells). The cell suspension was sonicated on icc 3x30sec 

blasts at 12j.1 and the sonicate was centrifuged at 5° C at 245,000g for 30 min. The 

resulting supernatant was stored at _850 C until used for electrophoresis. An aliquot was 

removed for determination of protein content (Lowry protcin assay (105». 

Supernatants were diluted by 10% with 2% Triton (Sigma Chemical Co., St. Louis, 

MO) to hclp break up any residual membranes, prior to application to the acrylamide gel. 

A native 4% (29:1 acrylamide/bis) horizontal slab polyacrylamide gel (pH8.9) was pourcd 

the day beforc the electrophoresis, and was allowed to photopolymerize overnight in the 

presence of fluorescent light, with riboflavin and temed as the initiators of polymcrization. 

Extracts were run in duplicate for 4 hours at 45 mA, aCter which the gel was frozen, and 

then eut into 2mm slices. The slices were incubated overnight at 37° C in Bctamax 
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scintillation cocktail with 3% Protosol to extract radioactivity. The samplcs wcre then 

analyzed in a scintillation countcr (Bcckman Instrumcnts. Miss. Onl.). 

6.23 Methionine syntbasc assay 

Confluent fibroblast cultures were trypsinized and resuspcndcd al a dcnsily of 1-2 

x loB cells/ml in O.25M Sucrose. This ccII suspension was sonicatcd on ice, 4x30 sec hlas!s 

at 1211 and spun at 5° C at 170,OOOg for 45 min. The resulting supernatant was stllled al -

85° C. At the time of assay, thc eeU extract was dilutcd by 10% with a 1 M potassium 

phosphate buffer pH7.4 to form a ccII cxtract in 0.1 M KPhos bulTer pl 17.4. An allquot 

of this final solution was removed to dctermine prote in content (Lowry plolcin as~ay 

(105». 

Enzyme activity' was measured as previously dcscribcd (~<)). The a~~ay mixtule fOI 

measuremcnt of holoenzyme activity containcd: varying amounts of ccII cxlracl and 0.1 M 

KPhos for a tolal volume of 100j.11; 100mM KPho~ buffer, pli 7.4; 250J.1M S

adenosylmcthionine; 500l1M DL-homocysteinc (prcparcd Iresh daily fmm the 

thiolactone); 150mM 2-mercaptoethanol; and )<)Oj.1M 5-

[14C)methyltetrahydrofolate(1.4dpm/pmol); for a total é1ssay volume of 200J.11. For aS~tly 

of total enzyme activity SOl1M of methyl-Cbl was added. 

The assay mixture was incubatcd in the dark at :no C in stoppcrcd vaculmncl 

tubes that had been tlushed with nitrogcn for 7 sec. The reactioll was ~topped wllh Ihe 

addition of 800JlI of icc cold distilled water, and the reaction mixture was applied lo il 

syringe mini-column with a bed volume of 1.5ml Bio-Rad AGI X~, 200-40() me!\h, chloride 

form resin (Bio-Rad Laboratories). The reaction tubes were wa~hed wilh another 1 ml 

of water which was applied ta the columns. The resulting crlluent of 2ml wa~ lhcll 

38 



, 

analyzed for radioactivity in a Beckman scintillation counter, after the addition of 3ml of 

NEN formula scintillation cocktail, number 963. 

6.24 Fractionation of intraccllular cobalamins 

Washed ccII pellets of cells grown in 25pg!ml of labelled cobalamin were extractcd 

in complete darkncss in 10 ml of absolute ethanol at 85° C for 20 min and centrifuged, 

and 8 ml of supernatant ethanol was evaporated to dryness under a stream of nitrogen 

at room temperature. The remaining 1 ml aqueous sam pIe was analyzed on high pressure 

liquid chromatography using a Merck column Lichrosorb RP-8 (E.Merck, Darmstadt, 

West Germany), 10ilm eluted with a gradient of phosphate at pH 3 and 

triethylammonîum phosphate (2). Fractionation studies wcre performcd by Sally Luc

Shing in the lab of Dr B.A. Cooper of McGill University and the Departrnent of 

Haemotology, Royal Victoria Hospital. 
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7_1 Polyacrylamide gels: 

CHAPTER7 

RESULTS 

As reported prcviously, in fibrohlasls incuhalcd for 5 days in 1~7Co!CNCbl. m'CI 

95% of the B12 found in cells is bound cilhcr to mcthioninc synthase or mcthylmalllnyi 

CoA mutase (90). 

Figure 6 shows profiles of 4 different cclllincs run on a 4% native polyaci ylamlde 

gel. These lines were incubated for 5 days in 50pglml 157Co!CNCbl with 10% human 

serum as a source for TCII. MCH39 represents a controlline (top Icft. Fig.6) and :-llOW:

two peaks of [57Co]CNCbl hinding. From other studies il ha:- heen dctermined that the 

smaller peak represenls methylmalonyl CoA mutase and the larger peak repn':!'>l:I1t:

me thionine synthase (80,86). 

It has also been determined that TeIl-B I2 (whosc peak rails in betw<.'cn the Iwo 

enzyme peaks) does not contrihute significantly to cither peak (80). 

For cellline MCH39 (Fig. 6), 13% of thc B12 bound tn the lwo peaks re:-ides in 

the smaller peak, the mutase enzyme, and the remaining 87% of the counts rl'sides in Ihe 

larger peak, the synthasc enzyme. 

eeu line WG788 (top right, Fig.6) represenls a lypical chIE li ne, and show!'> il 

binding distribution equal ta that of control lines, with 14% of the label !Jound to the 

mutase pea1c and 86% bound to the synthase peak. Ali s..:vcn chiE lines showcd this kiml 

of distribution. 
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F1G.6 POLYACRYLAMIDE GEL PROFILES OF A 

CONTROL, A chIE, AND "IWO cblG CELL UNES. 

Cell lines were incubdted with [57CO]CNCbl for 5 days, 

and cell extracts were run rn a 4% native polya~rylamide 

gel as outlined in Methods. WG1671 represents 1 of 3 

cblG celllines which show no association of Cbl with MS. 
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FIG.7 POLYACRYLAMIDE GEL PROFILES OF 2 cblG 

CELL LINF..s WInCH SHOW NO ASSOCIATION OF 

0>1 WITH ME1IDONINE SYNTIIASE. Two of three 

cblG cell Iines which show no binding of Cbl to MS. 

WG1670 is a sibling of WG1671 (Fig. 6). 
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Ccli linc WG1223 (bottom left, Fig.6) reprcsents a majority of cblG !ines which 

also show binding distributions close to that of controllines. In this particular case, 24% 

of the label was bound to the mutase and 76% was bound to the synthase. Seven out of 

ten cblG tines showed this kind of distribution. 

Ccli line WG1671 (bottom right, Fig.6) however, showed little or no binding of 

vitamin B12 to the methionine synthase peak. Three out of ten cbIG !ines, two which are 

siblings, showed this lack of binding. The other two nonbinding cell Iines, WG1670 

(sibling of W01671), and WG1655 are pictured in Fig.7. 

As the profiles indicate, there was a large peak of radioactivity evident in the first 

slice of the gel. This represents mate ial that was held up in the weil and did lIol enter 

the gel. First slice caunts varied not only between ccII lines but aiso varicd from gel tn 

gel within celllines. 1 performed regression analyses ta see if there was any correlation 

between the amount of radioactivity in the first slice and the amaunt in the mutase or 

synthase peak. For ail contrais, and ail cblE ceUs, the correlation was close to zcro with 

the both peaks. In the seven nonbinding cblG Iines, there was a negalive correlation of 

0.45 with the mutase peak, and a positive correlation of 0.45 with the synthase enzyme. 

This indicates that there is a higher probability that the first slice counts are varying 

inversely with the mutase peak, i.e. when one gaes up the other goes down. This may he 

a coincidence, but it also may indicate that mutase is being hcld up in the weil for the 

eblO lines. Since my observations are more qualitative that quantitative, i.e. if B12 binds 

or does not bind ta the synthase enzyme, 1 feel that il daes not affect the final result. 

Thcse rcsults arc summarized in Table 2. Accumulation of label in chIE cells and 

in 7 out of 10 cblG cc Us was equal to that of control cells. In 3 chIO Iines, the uptake, 
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1 white still substantial, was lowered (Table 2). 

Th.;:se results iIIustratc that most cblG cclllincs do hind vitarnin BI:! to mdhillninc 

synthase despite the functional deficiency. The rcsulls also show hctcrogencity within the 

cblG group which rnanifcsts as a lack of binding to the mcthionine synthase cnzymc. 

The vitamin B12 distributions werc also cxamincd in cach cdl CXlracl using 11lgh 

Performance Liquid Chromatography (Table 3); this assay was performcd in DI. 

B.ACoopcr's laboratory at McGiII University hy Sally Luc-Shing. Thcsc distribullllns 

represent cobalamin forms from which the protein was cxtradcd. The propOJ tion of 

labelled CNCbl convertcd ta methyl-Cbl was dccrcascd cornpared tn that of contlOls in 

ail cblE and cblG celllines (Table 3). This was associated with incrcal>cs in other lorllls. 

espcciallyadenosyl-Cbl. ln the three cblG !ines which showed no association of Chi with 

rnethionine synthase, there was a greater dccrease in rnelhyl-Cbl, an cvcn highcl 

proportion of Cbl as adenosyl-Cbl, and a very low amount of Aq-Chl. 
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TABLE 2. ENZVME-BOUND COBALAMIN IN CONTROL, chlE 

AND chiO FIBROBLASTS. [57CO]-CN-Cbl was 

preincubatcd with 10% human serum at 37° before 

incubation with cells. The final CNCbl concentratioG was 

37 pM. Cells were incubated for 5 days as outlined in 

mcthods. Results are shown as means + standard 

dcviations. 
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Table 2. Enzyme-Bound Cobalamin 

Cellline uptake(pg!mg prot.) %mutasc %syntha~e 

control 48.8 +4.2 15.7 +2.9 S4.~ +2.9 
(n=3) 

cblE 52.1 +26.8 16.8 +3.6 ~n.2 +1 h 
(n=7) 

cblG 49.2 +18.3 25.5 +5.4 74.5 ±54 
(n=7) 

cblG 29.9 +10.6 toO () 

(n=3) 
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TABLE 3. COBALAMIN DISTRIBUTIONS IN WHOLE CELL 

EXTRACfS IN CONTROL, cbIE AND cblO 

FIBROBLASTS. Fibroblasts were incubated for 4 days at 

25pg!ml [s7Co]-CN-Cbl. Extracts had protein removed and 

wcrc processed via HPLC in the dark as described in 

Methods. From left to right are: aquo-Cbl, cyano-Cbl, 

adcnosyl-Cbl, mcthyl-Cbl, and other forms which occur in 

small amounts. Standard deviations appcar in brackets. 

47 

• , 



i 

1 

Table 3. Cobalamin Distributions 

Ag% CN% Ado% Mc% Othels% 

control 8.3 9.4 18.1 52.6 lIA 

(n=5) (3.7) (5.8) (3.2) (12.5) ((l.4) 

cbIE 24.2 19.0 23.2 11.4 21.1 

."1 
(n=7) (9.2) (15.2) (8.0) (6.8) (6.1 ) 

.. 
cblG 30.7 12.8 31.7 7.0 17.S 

(n=7) (5.5) (4.6) (5.5) (1.8) (~H)) 

cblG 3.8 10.3 62.9 3.5 19.7 

(n=3) (3.2) (2.9) (9.7) (2.0) (7.H) 

48 



L 

7.2 Methionine synthasc assays: 

Ali the synthase assays were perfcrmed under standard reducing conditions 

(150mM 2-rnercaptoethanol). Under these conditions, cbIE ceUs show rncthionine 

synthase activitics equal to that of control extracts (86). 

1 have performed synthase assays on one cblE tine (WG1575), one cblG line that 

docs bind cobalamin to rnethionine synthase (WG1308), and ail three nonbinding cblG 

tines (WG1655, WG1670, and WG1671) (Table 4). 1 chose to assay only one binding 

chlG tine as a reprcsentative of that group; live out of seven binding cblO celllin(;~ have 

previously been assayed in this laboratory (85) and ail live yielded sirnilar levels of activity. 

As expectcd, cellline WG1575 has a rate of methionine synthase activity equal 

ta that of control cells (Table 4). Under these conditions, however, the binding cblG line 

(WG1308) shows a rather low level of synthase activity, and the three nonbinding tines 

exhibit extrernely low levels of activity. 
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TABLE 4. METHIONINE SYNTHASE ACTIVITY IN 

FIBROBLAST EXTRAcrs FROM A CONTROL, A 

chIE, AND FOUR chlG CELL LIN ES. CcII cxtracls 

were prcparcd and rnclhioninc synthase aclivily was 

determined as outlincd in Mcthods. Methionine 

biosynthcsis was determined in the presence of methyl-Cbl 

(i.e. total enzyme activity). CbIG(v) rcprcsents those cblO 

Hnes which show no association of Cbl with methioninc 

synthase. 
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Table 4. Methionine Synthase Activity in Fibroblast Extracts 

ccllline protein added methionine forrncd 

Uruù (pmol/rnin) 

MCH39-control 0.4 42.8 

WG1575-cblE 0.3 44.8 

WG1308-cbIG 0.4 3.6 

( 
WG 1655-cbIG(v) 0.6 0.4 

WG1670-cbIG(v) 0.6 0.4 

WG1671-cbIG(v) 0.8 0 

( 
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1 CHAPTER8 

DISCUSSION 

This thesis has investigated the patterns of vitamin B12 binding in cciI extl acts 

from cblG patients in order 10 see if the lowered aClivity of the rnethionine syntllaM.' 

enzyme is reflected in decrcased binding of Cbl to the enLymc. 1 discovcred that 1'01 mu:-,t 

cblO patients, there is a substantial arnount of Cbl bound 10 rnethioninc syntha~e. and 

thus there appears to be no dcfect in co(actor aSl>ociation with rncthionine :-ynlha:-e in thL' 

cblO mutant group. Howevcr, 1 have also uncovered heterogencity within the chIO c1i1s~ 

which is manifested bya lack of association of ChI with the mcthionine synthase en/ylllL'. 

The original proband with a functional deket in the rnethionine ~ynthilsc ~y~lel11 

was reported by Rosenblatt ct al. in 1984 (86). This patient was later as:-igned to a ne", 

cornplementation group within the inherited disorders of Cbl metabolism and nill11cd chll~. 

This defect is believed to involve a methioninc synthasc-associatcd redudng ~ystCI1l, <1:

outlined in section 5.3.4, In 1988, Watkins and Rosenhlatt (89) reporlcd on anolhcr 

infant which presented much in the same manner as chIE patients ÙO, anù this patient wa~ 

believed to belong to this mutant c1ass. Complcmentation studies, however, yiclded the 

information that while this patient did indecd have a functional ùcfcct in the mcthionillc 

synthase system, it was not the same dcfect as in the chIE patients. Thi~ new glOup, 

which complemented cblE cells in culture, was called cbIO. Il was abo noted that wllile 

cblE eeU extracts showcd normal rnethioninc synthasc activity under standard redudllg 

çonditions, chlG ecUs consistently showed very low lcvcIs or activity. From the:-,e 

observations, it is belicved that cblE and cblG rcprcscnt dcfeets al two dit I"crcnt gcnd ie 
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loci (89). 

ln my experiments, 1 used cell extracts of control, cblE and cblG patients 10 sec 

if 1 cou Id uncover sorne differcnce in cofactor binding bctween these three groups. In 

ail, 1 used 3 control, 7 cblE and 10 chlG celllines. 1 obtained the result that ail chIE, and 

7 out of 10 chlG Hnes showed a normal association of Cbl with the enzyme methioninc 

synthase, while three lines showed a lack of association of vitamin B12 with the enzyme 

(Figs. 7 and 8) (Table 2). 

Previous studies have not consistently examined the association of Cbl with 

methionine synthase in cblG or chIE patients. Those that h:we examined the association 

have always shown a pattern like that of control cells, with at Jeast three quarters of the 

intracellular Cbl bound to methionine synthase and the remaindcr bound to 

rncthyJmalonyl-CoA mutase (86) (46). At lea',t 95% of ail :he ChI found intraccllularly 

is bound to either of these two enzymes (90). Jn this study, 1 repart an average of 85% 

of intracellular Cbl hound to methionine synthase, and Hie remaining 1~% bound to the 

mutase enzyme in control ce lis (Table 2). 

Further evidence that confirms the heterogeneity of these 3 chiO ':driant celllines 

rnay be seen in the B12 distributions in cells (Table 3). The ChI distributions wcrc 

obtained by running ccli cxtracts, from which the protein had been remùvcd, in the dark 

on an HPLC. As expected, cbIE cells showed very low amounts of methyl-Cbl in their 

cells, with rcsultant increases in the other Cbl forms, namely AquoCbl, CNCbl, adenosyl-

Cbl, and othee forms which occur in small amounts (Table 3). The 7 cblG celllines that 

do show association of Cbl with methionine synthase had a level of methyl-Cbl similar to 

the level in cbIE cells. The cblG variant cells, however, had a methyl-Cbl levcl that is 

close to zero (significantly lower than the 7 cblG and cblE celllines, p-=O.05), and also 
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1 had a higher proportion of adenosyl-Cbl than ail the other ccII tines. These results not 

only support the observations lhat these 3 ccII Hnes have a severe dcreet in the 

methionine synthase enzyme, but also suggest that the Cbl thal is nol binding 10 I\'.S in 

the cytoplasm is moving into the mitochondrion whcrc il is being converled 10 adent l~yl

Cbl. In Cact, these cblG variant ccli lines, though cxhibiting a lower Cbl up\ake than dn 

the other cblG celltines, do display an uptnke thnl is higher than would he expected fOI 

c~lIs which show no association of Cbl with MS. If roughly 85% of the intrm:dlular ChI 

is bound to lhe MS enzyme, then cc Ils deficicnt in Cbl binding ln MS would he expected 

to demonstrate roughly an 85% decreasc in uptakc. This has not heen ohscrved, and 

could be cxplained by the excess formation of adenosyl-Cbl. A~ 01 yel, howcvcr, il i~ !lot 

known to what degree the mutase enlyme may be stimulalcd by Ihe pn .. ~ence 01 <. 'hl. 

The cblG variant ceUlines also exhibit a lowcr proportion of ChI a~ AquoCbl than 

the other 7 cblG tines. This is prcsurnably due to the fact thal ~()rne of the Chi bouml 

to MS in the 7 cblG cdllines may be in the aqueous forrn (inslcad of lhe mcthyl fOi Ill). 

The cblG variant cell !ines do not bind Cbl 10 rncthionine !.ynthase. and m. prev((lU~ly 

stated, thcir Cbl is presumably bcing converled 10 adenosyl-Cbl in the mitochondna. 

MS assays have been perforrned prcviously on rnany chIE and chlG cdl linc~. 

CbIE ecU cxtracts consistently show normal to high activity of MS undcr ~tandard reducing 

conditions, while most cblG ceU tines have demonslratcd very low but delcctah\c MS 

activity under standard rcducing conditions (85). One study, however, yicldcd normal 

enzyme activities of a cblG linc jf il was grown under specitïl" conditions (melhioninc and 

CN-Cbl addcd to the media) (46); this once again dcmonstralcd lhal therc i!. a large 

amount of hcterogeneily in the way in which cblG cell lines may express their dcfcl:t (a~ 

a poinl of interesl, this particular ccII line was one of the 7 cblU ccII lines th al !.howcd 
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an association bctween Cbl and MS). Under the growth conditions in our laboratory 

(Eaglc's minimum essenlial medium supplemented only with fetal bovine serum, as 

oUliinoo in Methods), cblO fibroblasts have always shown very low specific activitics. In 

this study, 1 pcrformed MS assays on 1 control, 1 cblE, 1 eblG (whose MS binds Chi), and 

the 3 cblO variant ccII Iincs undcr standard rcducing conditions (150 mM 2-

rnercaptoclhanol). As expected, the cbIE ccli line dcmonstrated a normal Icvc\ of MS 

activity, and the cblG ccll line that shows association of Cbl with MS showcd a very low 

Icvel of activity (Table 4) (the MS activity in 5 out of 7 cblG cclllines lias prcviously hccn 

assaycd in this laboratory and ail 5 have demonstrated a comparable lcvcI of activity to 

WGt308 (85». The 3 variant cblO celllines seemed to show an evcn lower arnount of 

aetivity, with 1 !ine having no observable activity whatsoever. This may denote anothcr 

area of hetcrogeneity between chiO and chiO variant ce)) lines. 

( Clinically, cblO patients tend ta present with varying degrees of homocystcinuria, 

homocystinemia, hypomethioninemia, mcgaloblastic anemia, dcvclopmental dclay, and a 

variety of neurological symptoms which may include scizures, mental retardation, 

hypotonia or hypertonia, Icthargy, feeding difficulties, vcntricular dilatation and œrebral 

atrophy (85). Patients usually present by the age of 2 years, although age and 

symptomology may be very hcterogeneous. In fact, one cblO patient prcscnted only at 

age 21 with ataxia (84). The 3 variant cblG patients presented in much the sa me manner 

as othcr cblO patients. but whh a very early age of onset and they have seemcd to remain 

somcwhat more scvcrdy affccted th an other patients in the cblG group. 

c.A. Hall in 1989 (46) obscrved that several cblG cclllines exhibited an altcrcd 

state of sensitivity to the concentration of AdoMet in the MS assay. CblG ce1ls ncedcd 

more AdoMet to achicve normal MS Icvc\s of activity 'han control cells did, and thesc 
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1 cblG cells demonstrated a lack of inhibition of MS activity with a high kvcl or AdoMl'I 

present. Control cells exhibit this inhibition. Based on these ohservations. Ilall cl al. 

proposed that the defect in eblG cells May rest in the manner in which Ado~kt rcarls 

WÎth MS. 

From the results of my study, 1 propose that the chiO ddeel rests wlLlull Lhe 

apoenzyme itself (though 1 do not address whether this dcfect i~ inract as~()dated \Vith the 

AdoMet interaction with MS). These cblO variant cells were lkemed to he in the chiC i 

class through complementation studies. and thus May represent dcfccts at the salllC 

genetic locus. The cblO defcct which demonstrates an as~(}ciati()n of Chi \Vith I11clhioninl' 

synthase May contain a defect in the manner in which the coractor a~~(}Clates with the ~1S 

enzyme. The 3 cblO variant patients may not bind Chi 10 MS duc tn a I11()(C ~evclc 

expression of the sa me defect. Altcrnately, these chiO variant patients Ill<ly al~o hl' 

expressing another mutation which results in a dclïciency or the MS protCIIl it~elr. ilnd thb 

would rcprcsent a ncw c1ass of mutant in thc Cbl pathway. If the MS protein is ple~l'nt 

and nonfunctionc:l, or if the MS protcin is absent May rcsult in a lack or complcllIcntation 

bctween cblO and cblO variant celllincs, and thus would resull in these two dcfct:ts hcing 

classified in the same mutant group. 

Further studies in this area should inc\ude establishing il' the MS protein i~ pre~cnt 

in the cblG variant celllines. The MS protein has bccn purificd, and the ~carch for MS 

specifie antibodies is continuing. Once thc antibody is round. verifying the pre~cl1t:C or 

absence of the enzyme will be simpler. Cloning the MS gene would then allow the 

delineation of the exact dcfect causing cblG, and perhaps, chiO variant dl~ca~c 

Additionaltissue culture complementation studics May also be perforrncd bctwecn ail the 

cblG and cblG variant celllines to sce if therc is any rurther heterogcneity within ! hc da~s. 
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SUMMARY 

This study has investigated the patterns of Ch! association with the Cbl-dependent 

enzyme methionine synthase in 3 control, 7 cbIE and 10 cblG cell lines. We have 

discovcred that most cblG ccII lines do show a significant amount of Cbl bound to 

methionine synthase despite the lack of enzyme activity. We have also uncovered 

heterogeneity within the cblG class of mutant which demonstrates a dcficiency in 

association of Cbl with the enzyme. These cblG variant cell Iines also exhibit higher 

Icvcls of adenosyl-Cbl than in other cblG and ail cblE celllines, and demonstrate almost 

no mcthionine synthase activity. Due to these observations, we postulate that the defect 

in the cblG mutation rests in the apoenzyme itself. 
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CLAlMS ru ORIGINALITY 

This thesis describcs for the first time a variant of chlG complemcnlalion 

class associated with a lack of binding of Chi to me thionine synthasc. 
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