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Dear Participants,

e In this test, you have been given the following 2 tasks:
Task 1: Measurement of acid phosphatase activity (70 points)

Task 2: Protein determination (30 points)
ER Uil
9y 15T - PRIEGHATES L (70 57)
Y2 HT ¢ e VI (30 57)

e You must write down your results and answers in the ANSWER SHEET. Answers

I

written in the Question Paper will not be evaluated.

e Please make sure that you have received all the materials and equipment listed for each
task. If any of these items are missing, please raise your hand.

e At the end of the test, put the Answer Sheet and Question Paper in the envelope. The
supervisor will collect this envelope.

e This series of practices are time consuming. You will need to be well organized and work

quickly to complete the five tasks.
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Good Luck!!
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How to use the spectrophotometer 7L EEnml N ) A PSS

1.

>

The screen of spectrophotometer (Shlmadzu UVmini-1240) must show 400 nm (Fig. 1).
If not, raise your hand. ABS value shown may not be 0.000.

Fill a plastic semi-micro cuvette with distilled water (DW) at least up to the shoulders
inside (Fig. 2)

Insert the cuvette into the cuvette holder of the instrument, with the transparent surfaces
facing to the left and right (Fig. 3).

Shut the lid (Fig. 4).

Press ‘AUTO ZERO’ button (Fig. 5). By this manipulation, the instrument regards the
level of absorbance by the cuvette plus water as zero. This will be used as a blank control
for the rest of the rest of this experiment.

Now, you are ready to measure absorbance of samples.

Replace the water with a sample solution and read an ABS value after the lid is shut. The
absorbance is caused by solutes in the sample solution.

You do not have to wash the cuvette after every measurement, if you measure a series of

samples from the dilute to the concentrated.

. ORTHESEFHOER S FE 400 nm (1 Fig. 1975) o ¥ 1y BRI ¢ [ -

Iﬁ'ﬁ’ﬁfﬂ%ﬁ " (ABS fifl) Fi' '] 7 kL 0.000.
ERate i T S <(DW) » = PIEE] 7 shoulders 5 (Y[ Fig. 2 B=-) o

L FPR T L T W= L e FE I Fig. 3 B ) o bs=<i ity VE{E}_ cuvette holder) >

g IR ST
Eﬁfﬁﬁ" (! Fig. 4 F=.) o
£ ‘AUTO ZERO AV (U1 Fig. 5 7r4-) » BRi) S IRk (e AR R o
ROy I =342 35 (blank control) °
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Introduction
Acid phosphatase liberates phosphate ions from phosphorylated molecules under acidic
conditions. The purpose of this experiment is to determine the specific activity of the acid
phosphatase. You will measure activities of the acid phosphatase using a crude extract from
potato in Task 1, and determine a protein concentration of the crude extract in Task 2.
Specific activity, which is the activity per unit time per unit weight of protein, is obtained
from Tasks 1 and 2. Specific activity is an index of purity; it increases as the enzyme is
purified.
PRI FRIERU | T LA @%ﬁffi{ 953 FlULTY - o BRI

I A PRI T 1A GORF RS A T PR
[‘@"%Eﬁﬂf—[ [ %572 ﬁ[ 53 ;ﬁfu@{#'j’ ﬁzH IFrT NS VBT o _pf_ F“fdk[ ST

D) jf'z[ TETETH 5 H éjf £ JY 0 BEAY ar Nif‘r ° |[—'ﬁ§]_§[_ﬂ: i (BRI I\J}‘FI% ) ’gr[»
mﬁ”*r"*ﬁﬁ i

Caution 7= i

1.  You will be handling small amounts of toxic substances (p-nitrophenol and

NaOH).You can choose to wear disposable gloves and safety goggles in the

experiments if you like.

2. In calculations where answers to previous questions are needed, partials marks will be

given if calculated formulas are correct, even if answers are incorrect.

1. {5\;{5’1@“’@9 ‘D EHiYE | F T (p- nitrophenol and NaOH) - [[ElnnEﬂ » VR B
= # N B R I o

2. pPEUpuhEdi oS SR IR o el PRt B SN g > A0 AR HEL (3
B R
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Materials and Equipments 7182 2841 Quantity

1. Spectrophotometer FILTE““E"'I% 1

2. Micropipettes (P1000) f5E! PB*EIIT' 2

3. Micropipettes (P200) % &l PTS'I’ET’ 1

4. Tips (one box each for P1000 and P200) % E! Tips 2

5. Plastic cuvette I}’EJ B ’F‘ch‘fh“f"l ”ET 1
6. Test tube holder that accommodates 6-1 to 6-6 1

i HATH AREHT(6-1 to 6-6) BRI

6-1. Crude extract of acid phosphatase (4 ml in a 15-ml plastic tube,

labeled “1X” enzyme) 1
PRIERATERUE Sk (4 ml > EIFS 15-ml FOBBEERHI AR 1 fﬁ“lX”ﬁf@f
*)
6-2. 0.5 M Na acetate buffer (pH 5.6) (2 ml in a 15-ml plastic tube) 1
0.5 MTETESFZETHIEGH 5.6) (2ml > 50 15-ml [OUBERRT )
6-3. 5 mM pNPP (4 ml in a 15-ml plastic tube) 1
6-4. 0.5 M NaOH (8 ml in a 15-ml plastic tube) 1
6-5. 3% NaCl (10 ml in a 15-ml plastic tube) 1
6-6. Test tubes (Glass) 6
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Task 1 (70 points)

Measurement of acid phosphatase activity
PP RIS 1 Y

The activity of acid phosphatase is measured by an enzymatic reaction that converts p-
nitrophenyl phosphate (pNPP) to p-nitrophenol (pNP), liberating phosphate. The product,
pNP, absorbs light whose wavelength is 400 nm with an absorption coefficient™ (€490 nm) of
19000 Mt cm™ at extremely alkaline pH. Reaction mixture for an acid phosphatase is
slightly acidic. Thus, it must be alkalinized for quantification of pNP. In Task 1, you will
measure a time course of the reaction and obtain absorbance change per minute that is caused
by 1 ml of crude extract. The absorbance change is converted to concentration change by
using €400 nm- Then, you will calculate a mol number of pNP molecules produced during the

reaction by multiplying the concentration change by a volume of sample that is subjected to
the measurement of absorbance.

[&@Hﬁl&@iﬁ@ﬁﬂ@ﬂﬂt’ﬁﬁﬂ » TR PR "‘}{?]’ p-nitrophenyl phosphate (pNPP)
{EL{™5Y p-nitrophenol (pNP)[VFEEE ™ i o 1 TSE%T%JH WA > 5 ET AP pNP 7
Fijy ﬂx?g%“[\ibﬁlfﬁﬁiiﬁﬂ I % 400 nm prfik 4 %W fYpE-A (757 (absorption coefficient™ (€400
o)) FE 19000 M~ em™ o 3 S PRIFFHATEI ] > F2 R AR E) BRI >
L[ NP SR (s 1« S 90RO Ll O i )
T DR 02 5 53 GO 0 O 88 < 1% o [ 1K T TS
SRR » i TR BT ) SRR R SR T
el pNP 33 OB B
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*What is an absorption coefficient ? {} ep L S (B2

A=¢eCL

A, absorbance [I5k fif

€, absorption coefficient (M1 ecm™) e (7

C, concentration (M=mol litre ) J&%

L, light path length (em) P51 [ 1> S0 Fsifiviyg = g

lo, intensity of incident light * FJ5k 1/ §Ei@

|, intensity of transmission light 375554 1/ §E1@

Absorbance (A) is a physico-chemical property of solution that expresses to what extent a
solute absorbs light at a specific wavelength. Absorbance is in proportion to concentration
(C) and light path length (L). The constant in the equation is a value characteristic to the

solute, and is termed the absorption coefficient (¢). Thus, the relationship is formulated as
A=¢ C (M=mol litre™*) L (cm). Absorbance can be converted to concentration, since € is

given and L is 1 cm in this experiment. The dimension of € is M™* cm™, because

absorbance is an absolute number without units.

PR RRLIAEfIS— AEPOEL- (S BT R S R ﬁ’?ﬁip@ I
SR o U (TSEIE (C) R E6r ] I ARORE (R (LY ] o 2 f‘
Hete) l’*%iﬁ(iﬁ“ﬂﬁff#ﬁ T FEL L (FE(e) o NI I A=e C (M=mol litre‘l) L (cm)
V:h‘%%\iﬁgf[ﬂ%'j/ﬁﬂﬁfj%gfﬁ? o gmf?gﬂm;pp@ 5L P EREIRL 1 em #9*]]15,7{_ i
s, - e POTAR £ M » PRI fLRLYS # ) B 6 st -
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Two enzyme concentrations are to be examined in Task 1. Find the test tube on which ‘1X
enzyme’ is labeled, which contains a crude extract of acid phosphatase. Next, find the 15-ml
tube that contains 3% NaCl and remove 1 ml of the solution so that the tube now contains 9
ml of 3% NaCl. Add 1 ml of the 1X enzyme solution to it by using a micropipette, which
makes ‘0.1X enzyme’ solution. Label the tube as ‘0.1X’. Next, find 6 empty test tubes. Label
each tube with an enzyme concentration and a reaction time as follows.

R 1 B POTITRER » VIR 1 (DOTIORAT - R
(LRI ARy S b (LT e 6 ‘f' £ 3% NaCly%ﬁ‘sz 15-ml ZEHH Ve 1 ml - I
THITE R 9 ml i 3% NaCl > 7 I AR ATEIZY T ml i 1 @'} (1X) FE s Ry 7]
HEJO. 1 FFﬁ(O.lX)EE » JE L%?Tf@ 0.1 FFf’,(O.lX) = AL SR f[ﬁ@“’%‘iﬁ’ 2= &) [
S TR R R
0.1X, 20 min
1X, 20 min
0.1X, 10 min
1X, 10 min
0.1X, 1 min
1X, 1 min
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Q.1.1. (10 points) First, make an experimental schedule in order to perform all reactions, by

describing start (O) and stop (@) signs for each reaction in the table in the Answer Sheet,
allowing at least 1 min between the beginning of each reaction. An example for the reaction
of ‘0.1x, 20 min’ has been described in the table in the Answer Sheet.
AR W)= T ORI - TR A (K

favpis J“E”? aE lit v Q_E J%TF‘HI P THO)YRA Y - (@)FA sl
) f”%%#ﬁjj ) riﬁ’z"fgl’p“ |4 J/F;;I E) 1 55 SHpfE Bﬁ ﬂ%ﬁ,@["eo = ﬁiﬁt
i L?Jfﬁfl e~ {EE ] > kLS 0.1, 20 min® fUHS %ﬁ%ﬁ%,ﬂ ’ ﬁl’ﬂ‘“ﬁ'ﬁl’ﬂ > R

Wﬂﬁaﬁmaﬁﬁﬁo

Q.1.2. (15+10 points) Perform the enzymatic reactions according to the protocol described

below and the schedule you made in Q.1.1. Use a new pipette tip in every manipulation.
Agitate a mixture by tapping a test tube immediately after an addition. After you perform all
the reactions, measure A4go of the samples. Write the obtained values in the table in the
Answer Sheet, and plot them in the graph. Please note that since water has been used as a

blank, the line will not pass through 0 (zero) on Y-axis (origin).

PO s pu i R o fﬁl o FRE(Q.LL)FRFpEr A > & 5 vl (e
I ORI TR T 5o A - SRR i -
S AT 0 i I R L Auoo (400 mim SR UK ) R R R S
AR AL G - G b SRR A (e T
(blank) > F7l°] f‘%'ﬁ’ﬁ% E@@l ?&';{’—”J’ T 'lﬁlﬁ_pﬁ} Y dihE 0 Eﬂ[‘ °

10
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PRI AT T PR g (= BRI~ -

Protocol for measurement of acid phosphatase activity
PRI 1V
1) Mix 0.12 ml of 0.5 M Na acetate buffer (pH 5.6) and 0.24 ml of 5 mM pNPP in a test

tube. Start the reaction by adding 0.24 ml of an enzyme solution.
2 ) After the reaction times of 1, 10, and 20 min, respectively, stop the reaction by adding
0.6 ml of 0.5 M NaOH. NaOH stops the reaction and converts the pNP produced into a

yellow-colored (Asgo-absorbing) form.

3) After all reactions are stopped, measure Ayg of the samples.

Lo TEREEH T 0.12 ml {19 0.5 MRS+ 0.24 ml (i 5 mM pNPP - 3L &
o P 024 ml AN [T s -

2. gﬂ;{ﬁ (R E > ST 1, 10,5 20 j}:‘;‘g‘ﬁﬁ\ﬂj » U1 0.6 ml fiY 0.5 M NaOH 5% -
[k T > NaOH I v i L gt » iUk 2 pNP s 1 &1
CIPIETE: 400 nm USRI SR FE T (Adgo- absorbing) -

3. ?[[E/ T > RS BY Agoo

Assay of potato acid phosphatase
T A LA LA RS

).5 M Na acetate buffer(pH 5.6 0.12 ml

5 mM pNPP 024 ml
Enzyme 0.24 ml
0.5 M NaOH 0.6 ml
Sum 12 mi

11
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Q.1.3. (15 points) Which enzyme concentration gave better linearity in the relationship

between time and A4g9? Circle the correct one on the Answer Sheet. Read the slope of this

straight line from the graph.

T FFETEE Agoo(400nm Vi Ffik i) EJFTJ R T AR (1X FY 0.1X)
T ORI 7 R IR TR o R R
R -

Q.1.4. (5 points) Using the slope obtained in Q. 1.3, calculate the activity in the form of

A400 change per min per 1 ml of an enzyme solution of concentration “1X”. The length of the
light path (L) is lcm. Your answer should be written with your calculations and the

appropriate unit in the Answer Sheet.

AP R R 3RO o ERL DT 5 5)
159 ml - S Ao [IFSE RS OISR ¥ L S TEEIOIE R (L) 4
lem o fir[:j(i‘ i F’?Fﬁ,pJ ;;téﬁf‘ HHGh > & EIE —f;’TJHIE

Q.1.5. (5 points) Convert the absorbance change obtained in Q.1.4 to a concentration change

by assuming the €499 of pNP (to be 19000 M~ cm™). Your answer should be written with
your calculations and the unit per min per 1 ml of 1X enzyme solution in the Answer Sheet.

@@%@ﬂmewmﬁIWamiﬂwwwlmf1ﬁ7FW%@W%ﬂ@ﬁw@_
FIHY IR A [ AU - [i BHE o FrTFﬁ,E SE S ﬁle«' J 5 ml 5 55 88pY 1 @f 1 XTI £
ek iﬁ]ﬁj%ﬂiﬁ@

12
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Q.1.6. (5 points) Convert the concentration change obtained in Q.1.5. to a change in number

of moles of pNP. Your answer should be written with your calculations in moles per min per

ml of 1X enzyme solution in the Answer Sheet.
Hf ERETR Y pNP AR (LT pNP UL BB~ - T W o SRS

) il £35S 1 XL ORI T R St BT

Q.1.7. (5 points) Calculate the total activity (in mol per min) in 4 ml of 1X enzyme solution that

was initially given.
TR 4ml V1 ITgﬁ“IX”T@iﬁ{ﬁiﬂLﬁmﬁI_i(?ﬂ i £ mol per min ; &1 55 %]

1y

~m

13
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Task 2 (30 points)

Protein determination
SF 1T
Protein concentration is determined by using a standard protein such as bovine serum
albumin (BSA). In Task 2, you will determine a BSA-equivalent concentration of the 1x
enzyme solution by the Bradford method. The Bradford method takes advantage of an

increase in absorption of Coommassie Brilliant Blue at 595 nm when it is bound to protein.
s TR PO R T P R e 1T (R 1 THE R I(BSA) ) T o
5 Tl PR F]R] Bradford PRI - - W2 BSAAPETRRY 1 fﬁ“lX”@i’ﬁiT&E@
AF VETRY FA' Bl o M9 [ ESH 9] Coommassie Brilliant Blue %2 g f 1875 Fﬁ' E\JJ“ )
Coommassie Brilliant Blue %77 595 nm Sk {Fi ™ > E KAVl &S f 18RS

gl o

14
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By diluting a concentrated BSA solution (0.4 mg protein ml™) with 3% NaCl, a 1/2-
dilution series was made (0.4, 0.2, 0.1, and 0.05 mg protein ml'l). The dilution series of BSA
and the 0.1X enzyme solution, which was made in Task 1, were all similarly treated with dye.
Optical density at 595 nm (ODsgs) of these samples was measured and recorded in the table
below.

F|H'] 3% NaCl jﬁj@%giéﬁfﬁﬁﬁ BSA i?ﬁfﬁ(OA mg protein ml™%) > 1@?‘7 AT TR
([ R BSA i?\ﬂrfi(ﬁ BI£% 0.4, 0.2, 0.1, and 0.05 mg protein ml™) o [F=BSA H-3j[[#
%i?ﬁfﬁBiﬂ 571 ﬁﬂﬁ} FHETH Y 0. 1 fﬁ“O.lX”f@?\f‘erz ’ ’F”, IJ#ETfIY Coommassie Brilliant
Blue MR » ST T 595 nm [915 % (ODsos) VLRI FFAIT 1 -

Table
Sample [BSA] ODsg5
(mg_m™)

0.05 0.470

0.1 0.543

0.2 0.661

0.4 0.921

0.1x enzyme solution 0.580

Optical density (OD), a measure of the extent to which a substance transmits light or the

‘absorbance’ of suspension of particles.

A TR R TP ENE A AL RS TATR TR VAR «

15
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Q.2.1.(10 points) Plot ODsos against BSA concentration in the graph in the Answer Sheet

and depict an approximate straight line.
IR ODsos T H OB B S BSA OIS » 7 88 AR o A 5 P > 2
EPRR =2 SunibUPES SERR b £

Q.2.2.(10 points) Estimate a protein concentration of the 0.1X enzyme solution from the

graph, and obtain the protein concentration of the 1X enzyme solution.
FEAREL T 0. 1 RO X A S TR o 0 PRI 1 LT
FIFRRA, -

Q.2.3.(10 points) Calculate the specific activity (activity per min per mg protein) of the 1x

enzyme solution. Your answer should be written with your calculations and the unit per min
per mg protein in the Answer Sheet.

E AR fﬁ“lx”@ﬁ?fﬁdﬁ[\i (5 mg g 1TPE YIS IE) > FAW%; iy fEFAT

SO FHEEAE > W I B mg e TR ﬁ?%ﬁmﬁl‘iﬁ E3H1 P (per min per mg protein ) -«

16



