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ON THE MECHANISM OF ACTION OF ENZYME-BOUND BIOTIN™
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In 1958, Wakil et al. (1-3) recognized biotin as the prosthetic
group of acetyl CoA carboxylase and presented evidence for its direct
participation in the carboxylation reaction. Several other biotin-
enzymes have been isolated (4-6) and the mechanism of action of this class
of enzymes, as represented by acetyl CoA carboxylase, can be depicted as

in reactions 1 and 2.
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Mn
HCOs; + ATP + Biotin-enzyme gge===== C0p~ Blotin-enzyme + ADP + P; 1

COs~Biotin-enzyme + CHaCOSCoAg===2 HOOCCH-COSCoA + Biotin-enzyme 2

The current concept of the nature of the COs~ biotin-enzyme complex
derives from the work of Lynen and his colleagues on B-p-dimethylacrylyl
CoA carboxylase (4). These authors employed free (+) biotin as a COz ac-
ceptor and isolated a COp-biotin compound which they showed to be N-
carboxy-biotin (I). By analogy, these workers have concluded that the
COp-biotin enzyme complex (II) was closely related, or identical, to N-

carboxy-biotin (I).
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This communication deals with recent observations on the nature of
the COp~Dbiotin complex obtained from acetyl CoA carboxylase. Our studies
revealed characteristics of this complex that are at variance with those
predicted by Lynen?!s hypothesis and suggest, rather, that the ureido-
carbonyl of biotin is the active carbon of the biotin molecule.

Incorporation of C'*0, into biotin: The C**0, ~biotin-enzyme complex wags

prepared by incubating acetyl CoA carboxylase with Hcl403, ATP, Mn++ and
isocitrate as described in Table I. The amount of 01402 associated with
the complex was equivalent to the amount of bilotin present in the enzyme as
determined by assay with L. arabinosus (7). Moreover, the 01402 was trans-
ferred quantitatively from the 01402-biotin complex to the acceptor acetyl
CoA to form malonyl CoA. In the absence of ATP, or Mm++, or both, there
was little incorporation of CT%05 (less than 20%) into the complex. Addi-
tion of avidin to the reaction mixture inhibited the formation of the
Cl4oga~biotin—enzyme complex whereas addition of biotin-treated avidin
did not affect the formation of the complex. These observations indicated
that the Cl402'~bi0tin complex was formed by engymatic interaction of the
enzyme-bound biotin with the substrates HCOgz and ATP.

When the C'%0s ~biotin complex was hydrolyzed with 4N HoSO04 or 4N
Ba{ OH) 2, up to 90% of the carbon 1b was recovered in free biotin as shown
in Table I.

Biotin was identified in the hydrolysate by its Rp in several chroma-
tographic systems, by its promotion of growth of L. arabinosus and by iso-
lation of the C™*-biotin by dilution techniques and recrystallization of

the biotin to constant specific activity. Hydrolysis of the crystalline
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TABLE I

Incorporation of 01402 into the Enzyme Complex and its Recovery
in the Isolated Biotin

Expt. No. c*®0o-biotin enzyme Method of ¢*%.biotin
complex hydrolysis cpm
cpm
1 2086 LN HoS04 2760
2 3100 L1 Ba(OH) 2 2150 .
3 3200 papain 2300*

* The product of hydrolysis in this case was biocytin as shown by Rf
of 0.35 in butanol:Hs0:acetic acid.

In each experiment 2.3 mg of acetyl CoA carboxylage (specific activity
0.4 pmoles of malonyl CoA formed per minute per mg of protein) were added
to 0.8 ml of a reaction mixture which contained 2.0 umoles ATP, 10 pmoles
NaHC'*0g ( specific activity 1.4 x 10° cpm per mumoles), 60 umoles potas-
sium phosphate buffer (pH 6.5), 0.60 pmoles MnCls and 40 pmoles isocitrate.
The mixture was incubated at 380 for 3 minutes. The C**0s~ biotin enzyme
complex was geparated from the reaction mixture by passing the mixture
through a column of Sephadex-25 (2 x 20 cm). To the solution of Oz~ bio-
tin-enzyme complex of experiments 1 and 2 were added HpS0. and Ba(OH) »,
respectively, to a flnal concentration of 4N and the mixtures were auto-
claved for 1 hr at 121°, Biotin was isolated from the hydroclysate by
extraction in methanol and was identified by chromatography (0.8 in butanol:
Hz0:acetic acid, 4:5:1, 0.5 in propancl:Hs0;15:85, and 0.7 in butanol:
methanol:benzene: HoO 2:1:1:1 (4,8,9); and by growth of L. arabinosug.
Pgpain digestion of the COp~biotin enzyme complex was carried out in ex-
periment No. 3 in acetate buffer, (at pH 5.2) for 24 hrs. Bioecytin was
igolated from the hydrolysate and identified by paper chromatography and
hydrolysis to free biotin which promoted growth of_E. arabinosus.

C'*-biotin with Ba{ OH) 5 according to the procedure of Melville et al. (10)
yielded COp (trapped as BaCOs) and the diaminobiotin (III). Over 90% of
the radioactivity was found in the BaCOs whereas the diaminobiotin (IIT)
was devoid of 014. These data indicated that the ureido-carbon of the
igolated biotin contained all of the radicactivity. The incorporation

of Cl402 into the ureido group of biotin is incompatible with the sugges-
tion that the (0z biotin-enzyme complex is N-carboxy-biotin (II), since
the latter compound is highly unstable and presumably would lose 1ts COo
on hydrolysis {(11). The high percentage of incorporation of 01402 inte

biotin ( >80%) excludes a possible rearrangement of I or IT during hydro-
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lysis. Had such a rearrangement occurred, no more than 50% of the radio-
activity would have been recovered in the isolated ¢t biotin.

Product of Transcarboxylation: When the isolated COs~biotin-enzyme complex

was treated with acetyl-CcA, malonyl-CoA and the decarhoxylated form of the
enzyme were isolated from the reaction mixture. Hydrolysis of the decar-
boxylated enzyme with UN HpSO. yielded a compound that behaved differently
from biotin on chromatography in various systems. This compound has been
tentatively identified as diaminobiotin both by its Rf values (0.5 in buta-
nol:Hs0:acetic acid, 0.85 in propancl:Hgo0 and 0.45 in butanocl:methanol:benzene
Ho0) and by its support of growth of L. arabinosus. As shown in Table II,
the prosthetic group of the isolated 01402~»biotin enzyme complex was 83%
biotin and 17% "diaminobiotin" whereas treatment of the Cl4ogr~biotin enzyme
complex with acetyl CoA reduced the amount of biotin to 49% and increased
the amount of diaminobiotin to 51%. The "native" carboxylase, isolated by
the procedure of Waite and Wakil (2), on hydrolysis yielded 100% biotin as
shown in Table II. Treatment of the "native" enzyme with acetyl—l-cl‘} Coh,
followed by hydrolysis, yielded 4.k mumoles ¢™*-malonic acid, 33% biotin
and 67% "diaminobiotin” (ef. Table II). The "diamincbiotin-enzyme” was
reconverted to biotin-enzyme in the presence of HCOz, ATP and Mn++.

Little or no conversion occurred in the absence of any one of these com-
ponents, as shown in Table IT.

Since the carboxylation reaction is reversible, it was of interest to
study the conversion of biotin-enzyme to the diamincbiotin enzyme in the
presence of ADP and Pj. This was accomplished in experiments comparable
to the ones described for acetyl CoA (cf. Table II). Furthermore, in the

32 ++
presence of Py , ADP and Mn , ATP®2 yas synthesized from biotin-enzyme
(native enzyme) but not from "diamino-enzyme".

Growth of L. arabinosus on Ureido—Cl4-labeled biotin: Earlier workers con-

sidered the possibility of the funectional involvement of the ureido-carbon
of blotin in the biological activity of this vitamin. Melville et al. (10)

14
synthesized ureido-C -labeled biotin and studied the retention of the
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TABLE IT

Biotin and "diamino-biotin" content of various forms of
acetyl CoA carboxylase

Form of carboxylase Per cent*
biotin diamino biotin
"Native" enzyme 100 0
" " + AcCoA r 33 67
" " + ADP + P{ + Mn g 5%
1405 ~biotin enzyme complex 83 17
" " + AcCoA 49 51
Decarboxylated-biotin enzyme - 12 88
" 1"t + ATP + Ml

+ HCQ% 80 20
" " + Mn  + HCOz 9 91
" " + ATP + HCO5 26 Th
" " + HCOG 13 87

* The percentage of biotin and amino biotin were calculated from the amounts
of growth of L. arabinosus after separation of the two compoundson paper
chromatography.

14 s s

The C Os~biotin enzyme complex was prepared as described in Table I.
The various cofactors were added essentially at concentrations comparable
to that described in Table I.

radioactivity in biotin after growth of L. arabinosus. The organisms were
grown in the presence of 67 mumoles of 014-biotin per liter of medium. At
the end of the incubation, 95% of the added 014-biotin was reisolated from
both media and cells. Such high recovery led them to conclude that the
ureido-carbon atom of biotin was not involved in the mechanism of biotin
action. However, Melville et al. used levels of ¢** biotin in their media
in excess of that required for optimal growth of this organism.

Ureido-C-*-biotin, synthesized by the procedure of Melville et al. (10),
was added to growth medium for L. arabinosus in varying amounts. When the
amount of biotin was limiting and bacterial growth was proportional to the
amount of biotin added (40 to 160 pumocles of biotin/l), no significant amount
of radioactivity was recovered in the reisolated biotin despite the fact

that up to 97% of the biotin added was accounted for by subsequent micro-
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biological assays. However, on inereasing the amount of 014-biotin in the
media to 5.9 mumoles per 1, up to 86% of the radioactivity in biotin was re-
covered with a total recovery of 114% of the biotin itself by microbiclogi-
cal agssay. The loss of 014, presumably as COs, corresponded to 4% of the
added biotin (0.83% mumoles), an amount sufficient for optimal growth of

the bacteria. The 014 recovered in the biotin represented the excess bio-
tin that was stored within the cells. Similarly, the loss of 7% of ot
biotin (4.7 mumoles of biotin per liter) observed by Melville et al.,
sufficed to account for optimal growth of the L. arabinosus, but its
significance was not then apparent.

In summary our observations show: (1) 01402 can be incorporated into
the acetyl CoA carboxylase to the extent of one mole of 01402 per mole of
enzyme bound biotin; (2) hydrolysis of the ClQOgrvbiotin enzyme yields free
biotin containing <80% of the radicactivity; (3) the c** of the isolated
biotin is located exclusively in the ureido carbon atom of bictin; (4) "na-
tive" carboxylase ylelds blotin on hydrolysis whereas enzyme treated with
AcCol or ADP and P; yields over 60% of a biotin derivative that has been
tentatively identified as "diamino-bictin"; (5) the diaminobiotin enzyme
can be reconverted to the biotin enzyme only in the presence of HCO3, ATP
and Mn++; and (6) biotin which has been quantitatively recovered from
L. arabinosus, grown on limited amounts of ureido-¢™* biotin, lost almost
all of its C*%.

These observations lead us to conclude that the ureido-carbon of
enzyme-bound biotin is the 'active carbon! of biotin. Whether the active
form of the enzyme-bound biotin is "closed" (IV) or “"open" (V) remains to

be determined.

0. 0
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