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FIGURE 7.1

Vibrational energy levels of the H,
molecule. Solid lines ( ) represent
the experimental E(R) curve and
energy levels; dashed lines (—---)-
give the parabolic approximation de-
scribed in the text and the first few of
the corresponding harmonic oscillator
levels; and the dotted line (- - - - - - )isa

Morse potential fit. The inset shows an

enlargement of the region near the
minimum. The two “dissociation ener-
gies” are indicated: D, 4748eV D, =
4.477 eV.

TEST OF HARMONIC OSCILLATOR MODEL WITH VIBRATIONAL CON-
STANTS OF H, ISOTOPES

(atomic masses: 'H, 1.00782 amu; D, 2.01410 amu)

Reduced Mass, Vlbratlonal Frequency, T
Molecule w/(amu) ve X107 %(s™") 10™amu'2 g
H, . 0.50391 - 1.3192 0.9365
'HD 0.67171 1.1429 0.9367
D, 1.00705 0.9345 0.9378




Equilibrium I sotope Effect (EIE)

Table I: Primary Dewrerium Equilitrium Isotops Effects

dehy deogenase sbserate pair? P ynox Keqox”
Eoandary aleahals
liver afcohol cyclahezano] [.1% & 0.03¢ (142 D40 x 107" M
tvr afochiel crdehexaned 1.153 £ ou00s” (1382039 = J0" M
DD (A-gde)
lactype LAactars L1% & (OGS (2019 & OudE) x 107" M
DFSD {A-tide)
yexit alcohol lﬁu:'pml-l-d' 1175 & OLOO 20Dz 100" M
iH
malate Lemalapg=T=f 1175 & Q008 (2L :DEp = 100 M
LPWH
isocitrate threc-D L-lsocitrate-2-d L.168 = QU006 Los=d08M
THFHH
primary aleohol
Liver alcohal eikanal 1.06% = Q008 {60 5 9.1 x 4" W
DPND [ A-side)
aming acid
plutamace L-gimtamate-2-d 1.14 = Q.01 (44 x 0.1) =% ROT™ MY
TFH
Bemiaoetal
pucas-{-F .lh.!-r;mf-ﬂ' 1.28 = Q.02 E2:s00x 10" M
DOPFNH

@ Regctanty berween which labe] & manaferred, The labeled modesule aonaally vsed in each caee s noted, 'Elﬂ_g,iﬂudmlerwnhﬂa
tops allect (Lhat is, K o g eqnl o0 the squilitrinm constast for cxidation by DPN or TPN. ALl affects went curried out at beast in triplicate,
"'Eitu.ﬂih'iu-msl.mtfmnhd:ﬁmufmh'hﬁdmﬂhﬂdlbjﬂﬂmm,hdhﬁqlh#mnﬂut:lﬁmlﬂﬂ‘ﬂ'hmi![llm:hnt' For iso=
citrate dehydrogenase, dissobwed OO, i3 congidersd the ractant (Le,, bicarbonate is not inchaded), and, for ghotamats dehydrogenage, HH.* Is
congidered the resctant and the amino group of gharamate i asumed o be protonated,  The spparent pE wsed io calenlars €0, concenma
tions from added bcarbonate was 6.4, 9 Since identical values are abiained for equiibrinm isotope ellectyand for equilibem consasts
with [ oM potasgum phogphace, pH &, and crdohexanoki-f and with 100 mM TrieHO, pH 8, and A-gide DFND, Tré appareatly does sot
form Schiff"s bases with ketones ssch as cpclobexanene 1o sy exeent al this eoncentraton




Kinetic | sotope Effects (KIE)
r

E}_; - h‘{" JdN—-b . IN=T '
ko “Pﬁ[' 2 (oy —op) - Y (whi — miu}]

rescian} {traasinon
wlalg)
Maximum Kinetic [sotope Effects Due to
the Loss of a Ground-State Stretching
Frequency, 25°C

Bond wicm™') kulky  kw/kp
C—H 3000 T 68 158
MN—H 3D 7.5 3.2
O—H 3300 B3 21.8
5=H 2500 55 1.7

Maximim Kinetic Heavy Atom [satope Effects Due to
Lom of a Ground State Stretching Frequency, 25°C

Bond w {em™1) kfE

C-12 1 {29 |':1j]‘r|l'|| = | (o4
C-TN 1134 i'u,.lrlhl = ]. 044
C-1Q L hyafkn = 1.068

*The “C isotope effect is calculated to be (L, b, = 1) =
(1.9) (kifkis — 1) (202).



Commitmentsto catalysis
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Swain-Schaad Relationships

. (kD/kT)3°263 = kH/kT
- (kp/kp)* 283 = k. /k

kp/kr = (ky/k )"3 5

. k/kp = (ky/ky )° 3065

. (kD/kT)zm = kH/kD
. (kp/kp)*26
- kp/kp = (ky/kp)®4319
. kp/kp = (kp/ky )° 4419

= kp/k

| |

11|
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. (kp/kyy) ™42 = k% '
- ky/kp = (kq/kgy) 0% 5“
. kD/kH = (ky/kq) 06935

. (kD/ k'r)-3'263 = k'r/ kH

(k1/kp) 2% = Ky /Ky

- kp/ky = (kq/kyy) 30bs
. kp/ky =

(kH/k )—0 .3065

- (kp/kp) 228 o gk
. (kp/kp) 2283 _ kH/k

. kp/kp = (kH/k )04

. kp/kp = (kD/kH)‘o 4419



Kinetic complexitiy

—




Secondary isotope effects

| sotope effects upon labeling positions which are not being transferred.
These are due to change in bond order along the reaction coortinat.
Kinetic secondary effects can vary between unity and the equilibrium effect.

In the ADH catalyzed reaction:

ZmO_ = H
Y
CONH;
R
)
N
In the TS catalyzed reaction:
H +
H2N\I// NN H H2N\//N\/H (A) (C)
Hn N HN I+t\l/\ R HZN\f/N N
<|3 2N @) o) i H/ HN\"IJ(\/R
H,C*H folate ™ 2 o o\c:j N
—_— 2
Q o ©) HN
HN t/H )\ 5 H
dump g —— T ® NS
o” N S 2 o’ N IS R
T T cyoe
Cys 146 Cys 146 @ “
/
H2NYN N HZNYN §
| J\ L d &
Hfolate HNj‘;[N R NS SN AR
N H N
O N 0 [ H

y
Q CHs ﬂ5) HN)?\//(CHZ
dTMP HNJ]/ H* (D)
o)\',\| S o)\',\I 3
R ) R
Cys 146 Cys 146

R=2'-deoxyribose-5'-phosphate; R'=(p-aminobenzoyl)glutamate
Carreras, C.W. & Santi, D.V. (199Bnnu. Rev. Bioches#, 721-762.
Spencer, H.T., Villafranca, J.E., & Appleman, J.R.BibgB&n. 36, 4212-4222.




Multiple isotope effects

Resolving the mechanism of the malic enzyme:

stepwise (a) or concerted (b)? s
| 1? II{ NAD\P+§ADPI-; | (“) H - _E)_:
a -ozc—-‘(lz——(lz—coz- : > -ozc-—c——clz-—-(;?;
HO H H

T B
-0,C—C==CH, = ~0,C—C—CH,
0
I

HO, f\ C \[\ NADPH + CO,
b -ocmcitc, O L

R

/ V"/H
IV H OH (I)
NADP* -0,C—C==CH, == ~0,C—C—CH,

The mechanism was found to change from stepwise to concerted on
chenging the cofactor to acetylpyridine-NADP™.

Edens, W.A., Urbauer, J.L., & Cleland W.W., Biochemistry 1997, 36, 1141-1147

Solvent isotope effects

Direct chemical effects (primary IE)

Medium and viscosity effects

(e.g. for malic enzyme: Karsten, W.E, Lai, CJ., & Cook, P.F. JACS 1995, 117, 5914-5918)
pH vs. pD effects

Solvolosis effects
Protein mass effects (deuterated protein is heavier)
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