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Chemical Engineering 170A October 8, 2007
Midterm Exam I (100 pts)

Closed Book and Closed Notes
One 8.5 x 11 in. page of notes (front and back) allowed

1. Label the four phases of cell growth in the graph below (4 pts).
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2. In a recent paper in Bioorg. Med. Chem. Lett. 15 (2005), Tamas Sperka and
colleagues investigated beta-lactam compounds as potential inhibitors of the enzyme
HIV-1-protease. One compound, I/11a, appeared to inhibit the enzyme, giving the
following Lineweaver-Burke plots for the enzymatic reaction with and without the

inhibitor.
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a) What kind of inhibition does compound I/11a exert on the HIV-1-protease
(2 pts)?

uncompetinve Nmopk + K hunge

b) Estimate Vmay for the enzymatic reaction with the inhibitor (3 pts).
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Please answer the following guestions with single letter codes only
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a) Are there any residues negatively charged (-1 charge) at pH 8 (2 pts)?
DE

b) Are there any hydrophobic residues (2 pts)?

N \ —— Vel

AL, TG

¢)-Are there any residues that absorb light at 280 nm (1 pt)2
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a) What is the doubling time of the cells during exponential growth (3 pts)?
Td=wLna = 20.\ NN

b) Is the growth balanced or unbalanced (1 pt)?

Balanced

¢) What is the definition of an unstructured and segregated cell growth model (1 pt)?
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5. The growth of filamentous organisms (such as molds) in a rich medium is described
by:

where M is the dry weight (dw) concentration of the biomass (in mg/l). I observe that
an overnight (12 hour) culture seeded with 1 mg/l of cells grows to 8 mg/l. By what

dilution factor should I dilute this 8 me/l culture if I want a concentration of 4 me/1
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tomorrow (after 24 hours) (6 pts)? ,
|2 hour cuwlture <ecded wif | gl L —> Swg /0

"D/ =
oM ()/M 3

at

H

(aM
D 7t

AA
i)

AmMB - ¥t
Mo

@m B(M\/Z" Movsx) =Yt
27 AN 2 1 R
M 2 (8 1"%)= Yz nrs)

| Y- lweN72) = 12 7 hr
R A
ICM)/B = Y dhr

@M@&\( y= 7 my /0 ) - Have & mg}m[, Cuff‘lﬂﬁ
%ﬁ N want 4 Mg Iml in 24 hrg

: \ 3
M"(ﬁ_—g— Mo /3>
3

] 4 %
) - N
NE \
M=1025mere) ke '2 3
-
0. e /2 ) v Uhyr + Smff /£
4,(’ 20
v a VO ! ]
\/ \‘ A p A—
s
-~ K gy
4 v s L _ _ 2
/, PV AA - ~ , , , }
N NS - {72 0 N ~ X Ay ] N 1vi — / Sl . - i £} —~. f . 1 FY ~ . J R oy b~ 1 i
a2\ IV 1 - ] T:inA . | 7} - i i | B In™~7T IV\(2 ] UV ——r 34 F44T 4 I 711 f i A L
Y v I i i 1iiieq 7 & 1 I EY Lo [ Y ANMT O AL i WA R ~ e ¥ Al - i
1 8 J T i a4 4 v ] H
\ v/ ~ A (v ) 5 . -
\_ Vo
i rd .
Ay ~ y VRN i), ¥ L ] i
A\ b S I f T ¥t [ S Py T* o5 £ F onm » £ Vi
. Ay 1 -~ 7 Fin st FF 'L o “F FW £, L ot
n -~ Ay ad - Y™ it i FF L d £
V. VA AN 3 i
KUV P A 7]
- 1 N\ =
< oV
kY AV



6. PB-lactamase is an enzyme that confers resistance to f-lactam antibiotics, such as
penicillin. It is known that B-lactamase exhibits the following kinetic parameters

when the substrate is benzylpenicillin

a) Calculate the rate of substrate consumption if the B-lactamase concentration is 10

mM and the bcn_zv]ncmcﬂl in entration is 200 uM (10 pts).
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b) Using transition state thézry, calculate AG;* and AG,* in the free energy scheme
shown below for room temperature (25°C) (15 pts).
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the cells convert 2/3 (wt fraction) of the substrate glucose to biomass. The growth of
the cells can be described by the following biological reaction:

a) Calculate the stoichiometric coefficients a, b, ¢, d, ¢ (10 pts).
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b) Calculate the yield coefficients Yxs (gdw cells/g substrate), Yx/o (gdw cells/ g
0,), RQ, and the heat of combustion AH. (15 pts).
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urease immobilized on porous spherical poly(HEMA) supports. The diameter of the
support is 50 pm and the bulk urea concentration S, is 200 mM. The effective
art
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enzyme has the following kinetic parameter
Km =20 mM urea
Vomax = 10 mmoles urea/cm’s
a) Calculate the Thiele modulus, ¢, and the effectiveness factor, n; for this reaction \/z
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b) What is the overall rate of urea consumption, Vs (15 pts)?
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