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T3, formulas

FHQ FHO
H~— C —OH HO~—C—H
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Fischer projection formulas
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Bioorthogonal information storage in L-DNA with
a high-fidelity mirror-image Pfu DNA polymerase

Chuyao Fan©'2, Qiang Deng'? and Ting F. Zhu®'=

Natural DNA is exquisitely evolved to store genetic information. The chirally inverted .-DNA, possessing the same informa-

tional capacity but resistant to biodegradation, may serve as a robust, bioorthogonal information repository. Here we chemi-

cally synthesize a 90-kDa high-fidelity mirror-image Pfu DNA polymerase that enables accurate assembly of a kilobase-sized
mirror-image gene. We use the polymerase to encode in .-DNA an 1860 paragraph by Louis Pasteur that first proposed a
mirror-image world of biology. We realize chiral steganography by embedding a chimeric p-DNA/1-DNA key molecule in a

p-DNA storage library, which conveys a false or secret message depending on the chirality of reading. Furthermore, we show

that a trace amount of an .-DNA barcode preserved in water from a local pond remains amplifiable and sequenceable for 1 year,

whereas a p-DNA barcode under the same conditions coul

molecular tools may transform the devel tofad t

of the mirror-image central dogma and exploration of their N frag ment

1% ] Lﬂ:u =S E,\JF Split site

------------------------------ Natural Pfu DNA polymerse

DAY H g —
PEREBFIR B
LNRERVERE

/ N fragment

Mirror-image Pfu DNA polymerase
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BLIFEE (Positively charged)
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MTTCSRQFTSSSSMKGSCGIGGGIGAGSSRISSVLAGGSCRAPNTYGGGLSVSSSRFSSGGAYGLGG
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QEIATYRRLLEGEDAHLSSSQFSSGSQSSRDVTSSSRQIRTKVMDVHDGKVVSTHEQVLRTKN

» Margaret Oakley Dayhoff (1925 - 1983), 3%
EIEYER, “EUEEFECHE .

» 1965 H R The Atlas of Protein Sequence
and Structure) EE THEHMEEZF.

» (BRA97T1IER N EHRBIBREEREIEE

(Protein Information Resource, PIR) o




ABRIRNES

SRR  Cysteine Cys C ARt
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I B x /\/VLWM
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AN ©
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NH,
+Selenocysteine: UGA . /\/\/H("H
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+Science (2002) vol. 296, 1409; 1459; 1462
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WERERES (Essential Amino Acids)
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Try this game after class

» https://www.athleticarcade.com/educational/match/a
minoacids/index.html




»| LOVE SUN YAT-SEN UNIVERSITY

» WE LIKE BIOCHEMISTRY



528 AR, ZMSHEBARK

» BEBLHYERE X SHHE
» FREER R TS FNLE )

AL MR
. BERKEY

. EEMEEY

A

W&
S
W

h 4

In>
Jupy
P!

hibal|
Al
S
Ik
=~
e
gt
N

H.l.




ESHR 2L (acid dissociation constant)

9
8 CH,COO~ \ -+ =
N HA=—H" + A
r [CH;COOH] = [CH3COO ]
°r pH 5.76
17"
O Buffering + _
pH region [H ] [A ]
: L pH 3.76 — g4

pH = pK, = 4.76

3 | )
|
I
21 “—{ CH,COOH | -
1k | )
|
0 | | | | | | | | |
0 01 02 03 0.4 05 06 0.7 0.8 09 1.0
OH~ added (equivalents)
I \ |
0 50 100%

Percent titrated
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» SER-BERBIR#HEAFE (Henderson-Hasselbalch

equation)

o HTAT] ey — e [HA]
a [HA] — [ ] _ a A_
—-lgH"1=-1g K, - Ig iAf

pH = pK, + 1g -

» BFiHEpK,. pH, HEEEIEES

A

HA




AERAIFRIEEF (zwitterion) A2l

» FEIREFFEPHESZFH TE/ANBEREFER.
» FRETIAE, EEIAPAFZE,
» BEEERAVEAR, XERBNER, 2—XAMEERER.

H H

| |
R (|J COOH R (|J COO~
NH, "NH;
Nonionic form Zwitterionic form



ABBIEE (LIHRERAH)

i ! i !
R—(lf—COO_ — R—(lf—COO_ + H™ R—(lf—COO‘ + Ht == R—Cll—COOH
*NH, NH, "NH, "NH,
Zwitterion Zwitterion
as acid | as base

+ +

NH, NH., NH,
pK, pK;

CH2 = = CH2 —_— CI—I2

COOH COO~ COO~

[ERZ LAWK, 1E1EpK, FpK,




pl'fa 2 4 6 8 10 12
T e ':
y— ﬁ | i "
H &g | B ' 1

1
A0k 1 V43 _L i * 1
. — ~ oL | +
ﬁﬁ "E\\——EH I__H ______________________ ] H
m | 35 ) Hﬁ Acetic acid Methylamine
The normal pK, for a The normal pK, for an
carboxyl group is about 4.8. amino group is about 10.6.
. iy I Tk it ’,
I -
H H'
1'|~1H3 i 1~|¢H3 | Iimg
H—C—COOH —"/_‘ H—C—COO~ —‘L‘ H—C—CO00~
| [ \ | : ‘- |
H R I 0 R s , H
L a-Amino acid (glycine) e a-Amino acid (glycine) EE
mIEE k=232 N E P, = 9.60 halzE]
Oppositely charged (% == =] ) Electronegative oxygen atoms
groups lower the pK, by Y in the carboxyl group pull electrons
stabilizing the zwitterion. away from the amino group,

lowering its pK.

4 OH{E SN AR ES RS B 15 5




ABENFELR (ER)

r ETNREERAGRH, EREERDTmREE AT,
1ZpHIERN R E EEZHIZFE & (isoelectric point, pl)

» EFHE L, FERETRESFIRES, EBRAPA
EEE,

NH. NH. NH,
pK, pK,

CHQ ~ : CH2 — C«Hg

COOH COO~ COO~



NH3 NH3 NHZ
pK;, pK;
CHh —— CH,  —— CH,
COOH COO~ COO~
AT A A
Al|lH A™|[H
L1 R Uy L)
[A*] A]
kit = S IEE =[]z pl =3 (0K, + pKy)
FHSR[AT] = [A7], FARIEFTE




» MERIGARMA
NaOHH 1T E

» SR NaOH
» FEpKIEMTIE, Bi&pH
T e /)y (ZEH[X)
» ZEpHEMIIE, Bif&pH

Wi K
) o ol I  oHE T plE SRR
0 a5 1 15 : BHEE K

OH™ (equivalents)



: MARESB S rKEREERIpI?

COOH CO0 CO0 CO0
H. N—(LII H. N—J‘H H:LNAL.H H, N—J‘H
'H, H, &ul J?II:
u, P Ly, PKe, ta, P2, Ly,
"00H J‘OOII J:oo &00
Net charge: +1 0 ol -2
10 |- Glutamate pg%; _
pH .
! i I
0 10 2.0 3.0

(a) OH™ (equivalents)

» IREFBRETAE

FFRMEF, 1B
H 7 A p Kk F0
%2&%%3.,5\0

» M= ERY
EE, mib
HpKESFHRMES
T AR A pKIEHH
bt = Al &L /N
T E2H, £2
SRR




_____________________________________ 0 1.0 2.0 3.0
> OH~ (equivalents)
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» EFHE L, ATFHRIER, 5 FRUREES/),
ZIILRE, HITH BRI

» B LB pHS I, FRAES F B MR
 BTIEIBPHE, BMESTHEMR, RS TFHT

TR, BHIkETEFRIE




Q: {EpH10HIGIu;B KRR, THIM—FhE HE?

} A . a'iﬁ = f‘n Y' i&% 7 % I-S ﬁﬂ L[DOH coO~ CcoO~ cOoO~

2 p i ﬁ” Hgﬁ—cl'n HgﬂI—LtH HJJ—{H HEN—{H
/] .
» B iﬂ' 0 W D S SRS Wl A
El (x_i Eﬁg I%.Il LI‘DOH (_L1 YOH LLOC)' LLCH ¥
2 B Net charge: +1 0 -1 -2
Ry-EEEE

10+ Glutamate

» A N

6 - -
pH
4r . y
|
_ |
2 =52 | |
|
|
|
0 1.0 2.0 3.0
—————————————————————————————————————————————————— (a) OH~ (equivalents)



Q: W{AFIAHHB 2 EAlIa, CysFlHis?

H,N — CH — COOH |
|
H,N — CH — COOH
CH, S
alanine (Ala) CH, e H | —
pl =6.11 His Cys
HN” X |
H,N — CH — COOH —N | pl of alanine = pH of the buffer solution |
histidine (His) + -;-
H,— Treh HN— CH — CO
CH, — SH p G |
- B pH 6.11
cysteine (Cys) CH,
pl =5.02




ﬁ%ﬁaﬂﬂﬂﬁ%&ﬁ" IKSER =R

| R
unknown Solution tums -2\ Z=B% Be —
amount of blue (or, for /\ +|-

amino acid proline, yellow) }( EH

RRNER=%
- Measure absorbance at S70 nm
The ninhydrin reaction: coo I and compare to known standards | a:l_‘

HaN—C—H %%JJ\

Nin dlln Nlnh drin
o




BEEACERMN: KSEN=FiRM

O O

7 7
C C
Ep =i =0 \C<OH IKSEN=FH[
C/ H,O C/ OH
\\O \\O
+ — =
0 o WIRER=F
c” C//
C{ __ + H,N—CHCOOH—» C + RCHO + NH; +CO;
~’ “OH | /" >OH
A\ R C\\
O O
ONH,
C/o O\\c » Hy O\\c
HO \ /
oo O~ 1
C\ //C C\\ //C
~0 0 0 0




KEE=HIRMN: RERNEESEES

> Hi QEE;zJﬁ_JZE;zJﬁTE%W:L iﬂaﬁj\ FAKEEI=
il 2 & AT LUE! E:éﬁ J 5SS EE S AE570 nmaE B
E%%FP =2 i@ﬁl = E

» TRER—Hmaimzhaik, SKGm=M~NH
RREHINH,, MEBERSEELAY, BAXIRIL
E£440 nm,




ABEIIHMEF R

» STREER R N2 BN, (ProB&ab)

» 52 4-—FEEE X (DNFB, Sangeri5l)

y SEREEmAARLS (PITC, Edmaniti )



BB MInERI RN TE

» Sy T Y 2BERE, TJAMBERILIZIE

» Hy K. RIMESER
» KFIREIMISE R EAT#E181H, iR, BEUFHE

» HAYRKIE R pKafEEIBpH{EMI L, ATLMERR TS FRT
SR, =RTFEESD,

» CHIFRES AT LLE B —#i52




Properties and Conventions Associated with the Common Amino Acids Found in Proteins

pPK, values
Abbreviation/ pK, pK, pKg Hydropathy | Occurrence in
Amino acid symbol M, (—COOH) (—NH3) (R group) p! index* proteins (%)1
Nonpolar, aliphatic
R groups
Glycine Gly G 75 234 9.60 5.97 —0.4 7.2
Alanine Ala A 89 234 9.69 6.01 1.8 7.8
Proline Pro P 115 1.99 10.96 6.48 1.6 T
Valine Val Vv 117 23D 9.62 5.97 4.2 6.6
Leucine leu L 131 2.36 9.60 5.98 3.8 9.1
Isoleucine lle | 131 2.36 9.68 6.02 4.5 5.3
Methionine Met M 149 2.28 9.21 574 1.9 A
Aromatic R groups
Phenylalanine Phe F 165 1.83 9.13 5.48 2.8 3.9
Tyrosine Tyr Y 181 2.20 9.11 10.07 5.66 S 3.2
Tryptophan Tp W 204 2.38 9.39 5.89 —0.9 1.4
Polar, uncharged
R groups
Serine Ser S 105 2 9.15 5.68 —0.8 6.8
Threonine Thr T 119 211 9.62 5.87 =0 59
Cysteine Cys C 121 1.96 10.28 8.18 5.07 25 1.9
Asparagine Asn N 132 2.02 8.80 5.41 —3.5 43
Glutamine Gin Q 146 207 9.13 5.65 =35 4.2
Positively charged
R groups
Lysine Lys K 146 2.18 8.95 10.53 9.74 -39 59
Histidine His H 1855 1.82 9.17 6.00 7.59 — 24
Arginine Arg R 174 2T 9.04 12.48 10.76 —45 5.1
Negatively charged
R groups
Aspartate Asp D 133 1.88 9.60 3.65 2.77 = D
Glutamate Glu E 147 2.19 9.67 4.25 3.22 —< s 6.3




528 AR, ZMSHEBARK

» BEBLHYERE X SHHE
» FREER R TS FNLE )

EERH L F 4R
AK: AR
5 BERESEY

R

i

W

h 4
o>
o

A 4
1ol
Al




BREE (peptide bond)

» B ES o E S R KE L
» FREEEETAF T4 R BAEE
y REMG ligasr: R i [R5 R AR EE

p 1 ¥
H;N—CH—C—OH + H—N—CH—COO"

H,0 /“F’ H,0

P ol T
H,N—CH (|f N--CH—COO™
O




» KB F5. AlE). FRE. Mgk
OH
Side chain N oo | cfi
H,N—C CI|\T(|301\|ICCillT(|}—EI|\TCCOO‘
H O HO HO O H
Amino- T Carboxyl-

F Bk (pentapeptide) SGYAL

AR5y

terminal end

FEME: 110XEEY B




IRHIEBRINFB S

3_”'-‘* » Oligopeptides/ = B2 Bk :

Ala CH—CHjs less than 50 aa residues
0=C » Polypeptides/ Z Rk (/)53
NH FEHFE) : between 50-

Glu f.i?H—CHz—CHz—f‘““ 100 aa residues

S » Protein/Z2HA&: more
NH

than 100 aa residues

G' (1H; \ \ —_— = £
S y MISERE T RFIEE R
7 S SEE MR,

NH
Lys CH—CH;—CH;—CH;—CH;—NH;
(OO0



RHERRNFHESHSFEITE

» https.//web.expasy.org/compute_pi/
E){[Z)BS)/:a Compute pl/Mw

Compute pl/Mw tool

Compute pl/Mw is a tool which allows the computation of the theoretical pl (isoelectric point) and Mw (molecular weight) for a
for user entered sequences [reference].

Documentation is available.

Compute pl/Mw for Swiss-Prot/ TTEMBL entries or a user-entered sequence

Please enter one or more UniProtKB/Swiss-Prot protein identifiers (ID) (e.g. ALBU_HUMAN) or UniProt Knowledgebase acce
newlines. Alternatively, enter a protein sequence in single letter code. The theoretical p/ and Mw (molecular weight) will then b

sGvat

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

Y

Or upload a file from your computer, containing one Sw

SGYAL

Resolution: ® Average or O Monoisotopic

| Click here to compute pI/Mw | Reset |

Theoretical pl/Mw: 5.24 / 509.56



IRBVEE: WYalixRM

» ZRAAMERARNEY &M
» TMEEET, RNYISHHEFEREIREEY)
» REFAM AT EELSE Lt N

NH; NH; HiN

- — S
D= f— f—
o csom [O=K B9 F=0
o] R0l oo
%} — HH{J u\-\\ﬁ;:"{ —
H0




» IZMEIRE KRB (7= 2 oxytocin)
» BRERAK (B BLHEERK glutathione, GSH)

T
O\ y cI:H2 /o
o C—CH—CH,—CH,—C—NH—HC—C NH—CH,—C
V4 | I I AN
I | | | | |
Glutamate Cysteine Glycine

» NLAK (FrETEEH aspartame)




E¥iEIERK (Biologically active peptides)

» EFZERANMTEN—MHE, BLEE.
» IEFFEIERIFEEAANSEAZBFEERERRANEZC—,
» JLBK Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly (& Z&iHE)

under the microscope:
OXYtO il Q.

Cys

Pro Cys i

»k C‘Mv

Gly




E¥iEIERK (Biologically active peptides)

» PTEFE EH (Aspartame)2— M AEREZ KM, 2T
-’cer:esooogﬂlﬁnnfn’tﬁtﬂﬂﬁ__%ﬁtﬁ N FREHIRZ |
vE. REEHE. REEHE. KEESZ.

» HWNERERR —RIL- Zliﬁzkﬂaﬁ'jaﬁ%@aﬂﬁm“fﬂ
EERL- R ZRER(Asp, D)da &t IR L Er == B — &S
=heftia EI’J:HK%@PC/ET%O

(|‘:(1)0‘ Q

i
H,;N—CH—C—N—CH—C—OCH,
H

L-Aspartyl-L-phenylalanine methyl ester
(aspartame)

In)l

;uu

N
H W




SHEEXNEREX

[I-1:1A YA Molecular Data on Some Proteins

Molecular Number of Number of
weight residues polypeptide chains
Cytochrome ¢ (human) 12,400 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken egg white) 14,300 129 1
Myoglobin (equine heart) 16,700 153 1
Chymotrypsin (bovine pancreas) 25,200 241 3
Chymotrypsinogen (bovine) 25,700 245 1
Hemoglobin (human) M4aEH 64,500 574 4
Serum albumin (human) 66,000 609 1
Hexokinase (yeast) 107,900 972 2
RNA polymerase (E. coli) 450,000 4,158 5
Apolipoprotein B (human) 513,000 4,536 1
Glutamine synthetase (E. coli) 619,000 5,628 12
Titin (human) 2,993,000 26,926 1



ZEATERRE (conjugated proteins)

=] (simple proteins)
FesEakhaBIETELLA 7T HIEEEF (cofactors)

[.VIAEEC N Conjugated Proteins

In>
o
P!

/

Class Prosthetic group Example
Lipoproteins Lipids HE’ )ﬁ B3-Lipoprotein of blood
Glycoproteins Carbohydrates 5|-'}:n:'ﬁ Immunoglobulin G
Phosphoproteins Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin) Hemoglobin
Flavoproteins Flavin nucleotides Succinate dehydrogenase
Metalloproteins Iron — Ferritin
Zinc ®E Alcohol dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin



fHEF (cofactors)

) iﬁi;_-.-_ (prosthetic group)

BIEEXE, GNAXMNES, ARIZINGEABERE,
Eﬁmt% ZEA LT

» 4HE8 (coenzyme)
y eERMNMES, EFABIER LRE




528 AR, ZMSHEBARK

» BEBLHYERE X SHHE
» FREER R TS FNLE )

EERH L F 4R
: RERIRRY

. EEMEEY

i

W&
S
W

h 4

In>
Jupy
P!

hibal|
Al
S
I+
=~
e
It
N

DH.




AR EEEAIE S R LTI

R T BES K

» TURSEIL. EHSEIE. B ...

=)o 0k

y Bk RIZENE. FENF. FRIGTH. ...

3 BUFS i

h 4
1ol
A

A 4
1ol
Al

y =

N—




HHRENSES MW

» — Nl RIPEREN (FREM)
y iR, KRE. pH. &A%, EEEGHIHI . Bk E %R,
EDTAEEESRE . KEAR. ... r/ ' ";{;
» =N a)E
» S EBRMBRRTA?
J&R

Al

» MEFMREEEARNEEZMTA?
; | bamlanivimab =

/H = 700 mg/20 mL
) (35 mg/mL)

g
For Intravenous Infusion Only e

Must dilute bef
bamlamwmab z ore use
injection : Sin QIS Dose Vial: Discard
______________________________________________________________________ 700 mg/20 mL [= fiined FioHian
> (35 mg/mL) E For use under Emer rgency

For ntravenous Infusion 01l " Use Authorization (E11A}

rva F_' oA



HHESBEMAREL: TS

» Eh#F (salting out)
» MbRiEF P M E B R
BHEAREEZN.
y —RRTEIRELIRE T REE LR
EAHE, EHRSTFRER
BiErstEm, EaEaky

F5KaFEMER, |BKR
ARSI, HEFRENA, 7
, MESREHERER, B 0

Mt

S—

FRRVin RN EEE T
Felathith, XMIMRFRET




By (centrifuge)




HHESBHEMAREL: eSS

y UPESEID B ot

HTHL  for 10 mincaes Ml
» BAEIL i > — | &

} %J\E% [|:'\ \__/ Supernatant : e
— \ Homogenate = =
} 1;% E % 'Ll\ forms % ;g'ﬁmfé fra:r:tion
} %ﬁlr_*;ﬁlg_l‘%_lt\ \ﬁi \p 3

y ERREE L

» XTI 7T (RCF, g)
587 E (RPM)
MEFFEE () BX

RCF
1,118 -107%-r

- 38 5
l
K

~
s’

1 hour fractlon

& B NS
e

Cytosol s . SR ¢
(soluble proteins) s 3 ﬁ\_ N e

Z
pa)
I

Pellet: Microsomal
} fraction



HHRESBEEARR2: EthSiEilE

» 1IEHT (dialysis)
y INDTFEITHIE RS
EBIK (HEH
®) , 5EMXH

EE -

Tt ARG B M
» RIEAT ZiE
» RBERA RIS

TSN E i,
IR 7K R 48




HHRESBEEARER2: EthSiEilE

//’ \\
» #BJE C(ultrafiltration) BEE F

» AIEMEFERT, 8
ERDFEERELR
Bk, IKFNGFIE
TR, KBRAEEE

R, AREhEk R iR
HEHIB Y

» AIAELREBME.

N—




HHRDBEHCEE3: Eifr

Chromatography)

» FIRANEHIREMMENT
R (BlEBFMRNE)
HEEAR DB RE
B2 EER.

» MEREIE: 9 FE
G KIDNAEL FE
FRKMEARRE. B85S
YFERHE BRI
& (FEM &

» FEEMT

"""""""""""""""""""""""""" i
- DRBBE
FEAF dm
- b =

BEEE CRED | L L
SHERR (EEH)
ST

|
ICRR | 13I8

i I

R



1. BF3ZHET (lon-exchange chromatography)

» U F AR5 A EER,
ﬁ%w /}ILEjH:E H E’Jéﬂﬁ%—%
’%ﬁj\lﬁ* ﬁﬁJ:EI,J“Tleﬁ—J,—

Protein mixture is added
to column containing
cation exchangers.

BEIT A RS RBTRY SE &

NIMERNHITTE

» BIEFX®EHR (5&ER
XiPEET, BAEFEE)

>W%?§ﬁ?ﬁ<%%ﬁ

| |@ Large net positive charge

2 Net positive charge
2 Net negative charge

| | © Large net negative charge

E8RT T
T#%/EDHT
¥ TI_JEE.'ﬁ's
5n58&kR
ey NE

-l'l




e . ZFTIREpHHIERE

» RTFEFEBENNETELERRT, FERFRE(1E
HIZEF I, BN A ERRTIREERFIBpHAIER K
E, XEZEMIFEERUANRRIREHTR T K.

< R
 Reservoir Mixing

chamber “

S “%‘J%@’ZIEpH
| Magnetic stirrer

/"ﬁm"” @\ l pH = pK, + lglé—]

[HA]

-------------- N u

> To

column



1X

=
A=

tABFEENR?

Sample

containing
several
amino acids

Elution ——
column
containing
cation-

exchange
resin beads

I

E © — —
ol
L L T L
Fa - . s
The elution process
separates amino acids e
into discrete hands
Eluant emerging
from the column
i is collected L
N N | o S ' | oo S
i i
i i
Si=i=t=I=J W/ E=1=[=I=1=1\ SISIsI=]s
! \
T |
e - - LR i | - - - '
N o N Y =_.f-dm=:r =N W “{1_ f__w;,ri:
.- [P J Y O R, =/ & R T e & & -
L9 A
x D S K
Some [ractions
do not contain el
amino acids \‘ I"f’/
Z N <=
]

>

3B

=
AN

il

)

Elution time —»




Q: IEM;FEARIE

4 %"_‘L E&lﬁlﬁztj }L%q:lz\. E&A\ B. C. D, ,=\%E§,
n \ﬁj\ IJjjj-O\ 4, IR 5 ﬁﬂT%}i@. *?l

» 1) RAPMEFZEH AR E S pHE BT,
i

F (] A P 48 3 Al 2
» 2) KAMBREFRREFHEKE R pHERE]
F (] A P 82 3 Al 2

» 1) BDCA
» 2) ACDB



2. HEPFEIEMR (Size-exclusion chromatography)

» NHRAERIEIE (Gel
filtration)
» IRIBERTFRIXRNDR
BT BERNENRAR
» TEERPEBMFL
» RTFERRHE, TR
INYFEREK, BERE

|

Im|

/

Protein mixture is
added to column

containing cross-
linked polymer.

Protein molecules
separate by size; larger
molecules pass more
freely, appearing in the
earlier fractions.



3. X¥1Etr (Affinity chromatography)

o » PEER LS

Pa?jte;n mixtlure is - ;1 2 ‘I'\ % E - j- ( EE 1ZIS )
a e.tpcoumn ... s )

= EA T usseas

gpas LR E

Solution of ligand is
added to column.

Al

2 A AL L.




4. E;ﬁZkE*ﬁ' (Hydrophobic interaction chromatography)

y RAKEF (WnFEkRE. XIFE) ERNEERE
» BEREHERRER/KA, SERES
y EBR A REL. EKIEF. pHIESE

_______ -) > EZ?%’.:I—:JE
)

r }IL7}<QH./\

) FEIKBES

L
£
:



= 2T 3 : -
5. ﬁﬁ&,ﬁ*ﬁ@fg (high-performance liquid chromatography)

» SRGREEIENRIE FS5 2GR IERBEARRIER
» $FREXRATEERERE. &XEERNEESBHRR[E E 8
» IRER, o¥iRs. REES. HFAREFERH. HmBEF

],

High Performance Liquid Chromatography

(HPLC)

PC for Data
Acquisition

(=1

HPLC Column

w2 Injector

> Solvent Pump Detector Waste



PEEEREEFSEZMFEIXGER

» HFmEBEERD . FENIRER
» BREBRILLESN (BALfR
=EMNERIEM, specific

activity) KKXIES

Al

Al

IR ELR A Purification Table for a Hypothetical Enzyme

Fraction volume Total protein Activity Specific activity
Procedure or step (mL) (mg) (units) (units/mg)
1. Crude cellular extract 1,400 10,000 100,000 10
2. Precipitation with ammonium sulfate 280 3,000 96.000 32
3. lon-exchange chromatography 90 400 80,000 200
4. Size-exclusion chromatography 30 100 60,000 600
5. Affinity chromatography 6 3 45,000 15,000




245 EHRMECHERRIE

Tissue

(Cultured) Cell Homogenization (%] 7

Cell lysis Filtration (3L 7% )

Crude extract (#L3% 3
Centrifugation (#+5)  Salting Out (2 47)

desalination (Bt £5) & Concentration (K %g)

Column chromatography

)

K AT
Ca: DR
7 2 R Fe
R A AF o
b 4, B




AR EEEAIE S R LTI

AR BES &AL

y UES B, BHEBIE. B, ...

A RAVEE

» Bk RRENE, WEMNF. RIESH. ...

3 BUFS i

h 4
1ol
A

A 4
1ol
Al

y =

N—




S irREERXRE

» AR R NFNZEE
b E_J,]](

y AR FEARLE2H 20 5 MR R R IA
» FIZENIE

=)oA-)E 2]l
FMF. BRIgTHh

N

= In
ok Jom

v Vv




BHREESRZL : Bk (Electrophoresis)

» WERBNERAERT, EZFLEXTRTRESHAE
tH R IR RFEE].

» AENRIBSTFREGERIELL, 58S EMEKE R
ME R EL

3 |_Mixture of
Fwhr < macromolecules

Electrophoresis

Direction of
electrophoresis

“+ Porous gel




AR AR R D BER R

0 0] 0
\)kNHz + \)\N/E'z\N)K/
H H

cH, Acrylamidi N,N’-methylenebisacrylamide B W YN A I ik %
HSC/N\/\\N/CHG' ﬁ%ﬂ%ﬂﬁ
CH, S,0,° Persulfate ion
l HiET
Tetramethylethylenediamine |:>
(TEMED) - 250,  Sulphate radicals
PUEREZ —f%
\4
H BX 75 1h2 B A7S
B PRI
\ .
0 (Polyacrylamide

CONH, CONH- CONH, CONH:-
gel, PAG)



A GERAEEAAIK (PAGE)

W?‘é E"EQ'I‘E (Native) 'E'I‘E (Denatured)
JE b i N\ = Ik
A B 8 F a5 RA RORATARKER
N -2 o £ L
%jp@% %%2\ %iiijﬁ\ é]% éj\%é‘
ik
# % 7 B AN B (53) SDS (5%)

» (Sodium deoxycholate ) (Sodium dodecyl sulfate)



IEHNDFE7E: SDS-PAGE

» WNSRAEPAGE R IE BSDSHEE I, AATFMUEEE
RES FIRE.

PR > Bk % #SDS-PAGE &
%, Y R A R
F&amBRAEr

- 0= 0 I’J_.'\—%_l— = 0= "'_I_Erlrj’_r;_
A Y SN L T L

RITE HIRS R, T ERIRR

T4 [ #5044 K 4 K R

Polyacrylamide gel EP § 2 })ﬁ ék iz;igé?\%
= 1) R Do



SDS-PAGERR{NEHRN S F=

o 2 » BEARNS FREE
15 kDa—200 kDaZ |g]

Al

Myosin 200,000 S
s ~ \ ’_ \ -7
B-Galactosidase 116,250 “w—=
s = HBH 3 4k
Glycogen phosphorylase b 97,400 = E’\J i\‘J‘ y& Ezﬂzll‘i ;é % o
Bovine serum albumin 66,200 | -
Ovalbumin 45,000 | “—
—
Carbonic anhydrase 31,000 || “— ST
Soybean trypsin inhibitor 21,500 s FEIE
Lysozyme 14,400 === b ’

|

I

|

I‘f i

M Unknown
Stand:]rdfl protein {b) Relative migration ______________



jﬁl_:E E E’_]prEﬁ% %@%ﬁ (Isoelectric focusing)

A G A AEA TR 6 AR
A&EL,E%%%%T%
2% & £ pHA 18] pH=pl &9
Wy, MAFERE

I\ PR B R TR
FX B SR pH B Qe [@e  [@e &/©
3 = Nt
00 N
R =
BAMEERA — | == -
(% & % Ampholine) 2 — =
R—FIET#% S e £ e )
EEZHBEAGRED, ~— e
Rl T 75 s pHAF o pH3 D P \ & —®

Sample The gel after
loading protein staining



YN[JER;K (two-dimensional electrophoresis)

2
1. Separation B - NG R T Y B e 4N B =
of proteins by § .g Ep‘ﬁ | -—EEE*E | Elljﬁj Iﬁ%ﬁPEE{ Eiﬁ
pl value s [£%& . S —

= v
2. Soaking the l
gel in SDS O ) M ]
solution and
fitting it on an
SDS PA gel
3. Separating ] T 1 wo a

: - = c £
the proteins by B 7 .
molecular mass M L3 I
with SDS PAGE R ‘ A< Approximately 1000 E. coli proteins on
: . ¥ E a single 2D gel
----- Decreasing

4 pl



HHR=EERZ2: RRELE

e K e Homk b

Blotting tank

nitrocellulose sheet (blot)

i
\ \ Proteins transferred to }]j‘% N }})L 421& é%‘:r: 7 N -—“?k-
- Ex

HAE, EMHRF
M ERER G

Separation gel

Ak\‘ .
ﬂbeled %
antibody

\\ Immuno-
== ~ Develop and fix staining of blot
autoradiograph <_/
S~
-
Antigen bands Autoradiography ~ . TTrTmmTmmmmmmmmmmes

visualized



SRR=EERES: FNF

» F. SangerZid10%F/MFE N1, FRHBII100g4-RE =
(bovine insulin) , F1953FN\TMFLER

» EiZT{EIR1T1958F HIiE DI/RILEFL.

: 770\
Achain  H;N—GIVEQCCASVESLYQLENYCN—COO™
? i
+ S\ /S
B chain HN— FVNQHLCGSHLVEALYLVCGERGFFYTPLA —COO™
5 10 15 20 25 30



HHERNSRE

s FEMEMEASENAES

Primary

structure Quaternary
structure

IFASE
Lys Secondary Tertiary

Thr structure structure
Asn

Val
Lys
Ala
Ala
Trp
Gly
Lys
Val
Amino acid
residues




HERENF %Hﬁ

» T BREE (8 MIRE. 8 MERERAN. =&, HRimpHZEHF)
» TR ERER (ROKEESBESTEER)
» I (RETREHA, HEUWREIRE)
» NEEEIFRRSEI RN ER

» MEBANNREBFES

» FAIHHRAE AL iR




BHEFRKEE

» ERIK R
» 6 MELESZ T4 MAREE220/M\B, FILASEILEEIRAVRE S

» AR ERE: AR, 288, 8. KEEE. R
B

» 7K AR
» 5 MBI E 20/ B, BEEEEERE (racemization)
» WA EEDS: EFEBEREANAKZEEL; KRERENE

=)

» EfR
» INHEHEE, MR EDE, ZMEES AT /KEE, FI4EFFM
» FREHES (trypsin) « BEHBBEE (pepsin) =




A RIEFSAABE R A ER

Reagent (biological source)*

Cleavage pointst

Trypsin fR 25 H B
(bovine pancreas)

Submaxillarus protease
(mouse submaxillary gland)

Chymotrypsin BEZE B
(bovine pancreas)

Staphylococcus aureus V8 protease
(bacterium S. aureus)

Asp-N-protease

(bacterium Pseudomonas fragi)
Pepsin B & BB

(porcine stomach)

Endoproteinase Lys C
(bacterium Lysobacter
enzymogenes)

Cyanogen bromide

Lys, Arg (C) N/CERRVI&

Arg (C)

Phe, Trp, Tyr (C)

Asp, Glu (C)

Asp, Glu (N)

Phe, Trp, Tyr (N)

Lys (C)

Met (C) e




AMESNMMAERINIRES: Sangerik (1945)

. EEEE

+
QQNGF HoN—CH—Cnn L QNH CH—Connn

2,4-—HER X -
(DNFB, Sangeriz{5]) / o i 7K iR

NO; o

/\’ j |

O,N NH—CH—COOH + Free ;
| Aminﬂ AC' S
22 kIS

RENTETE 2,4-—HE KR T HEES
(DNP-g &iig) (HEE)




MES™NRERNIRES: Edmanik (1950)

H+ f—ﬂ\ H
LQ S R H 85 ﬁ@l 5 'ﬁ: ek H N~ Peptide
. ' -~ .
@/ C.:? HEN Pe ptldﬂ M’-— @ +
S O H

heat
S BB A B o l H =& 5
(PITC, Edmanit5)) )H -
S

- “OH
oL gl

N "NH heat N

A RN

O R N H
Phenylthiohydantoin

(PTH)

EdmanBEfgiA—IR Al LR E 20-301M % & F5 §




o

» ZOFRMYIE| S
» RERWAES

» XA RE IR Z AR AV B I TR V)RR kS SR Gk

Tryptic peptides Chymotryptic peptide
Ala—Ala—Trp—Gly —Lys  Val—Lys— Ala—Ala—Trp
Thr—Phe—Val—Lys Thr—Phe Gly—Lys

Tryptic peptide Tryptic peptide

‘ Thr—Phe—VaI— Lys— Ala—Ala— Trp—GIy—Lys
-~ Chymotryptic overlap peptide ’




Diagonal electrophoresis SR KT S
X A L FRIK

—

Electrophoresis after
exposure to performic acid

R—CH,—S05s~  *

/,L, ,EE% E%T
5 [@H,jK:
T RR B l:l:L_\

n;ﬂ
Ny
=2
An

7{%@

HYAK

\ [T

ﬁEa?a*riﬂf'iJn

ARIE
7S

JEN=[EE

&

.Eﬁ_@ILL

& HY AR Ex it

TR
FFHIEL

Es 4T, S5%RKiE
3N



BHAEREERZ4: [RiZE9tr (Mass spectrometry)

» BRI TR/ HAP HEsh T ABUR T & ALt
(mass-to-charge ratio) , faffiREE AR R FH
EBETANE, FIRXMHMERITLN S FHITNE S

» RIE=BERNE 7 FEsERNEZE, FREFTHET
=15 AP

]
3
N
INS
OH
=T
(hibal|
i




Orbitrap Fusion Lumos /593 #¥EiZ{Y




FREXRIG D LSRRI FSUER

Collision
MS-1 cell MS-2 Detector
=41 H= @
Ve B )
Electrospray Separation Breakage
ionization
b —
R! O R} O R3
I I H H | | H I -0
H)N—C—C—N—C—C—N—C—CF+N—C—C—N—C—C__
H H | | H H | | H o~
RZ O | R* O
Ty
R! O R O RS
|l H H | |l H H | 20
HON—C—C—N—C—C—N—C—Ce *N—C—C—N—C—C__
H | | H H | | H 0
R? O R* O



(A)

I
1
1
I
I
I
1
I
I
1
1
I
1

4
e -
2]
-
-
o
AL I
&
aQ

____________ Glu 0 o
o A Y
H2N/ \(-E/E/ \g\/ \E\rlq/ \(.l:/g/ \g\/ \‘E\!|\|/ COOH
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A= RNMIARESHIEEXKXTE

[LUVINERY @ Effect of Stepwise Yield on Overall Yield in

Peptide Synthesis

Overall yield of final

peptide (%) when the

Number of residues in yield of each step is:
the final polypeptide 96.0% 99.8%

11 66 98

21 44 96

31 29 94

51 13 90

----- 100 1.8 82
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HHEFIIStREEL: FIIFEN

» FIHAFURIEHE ORFfinder

» https://www.ncbi.nlm.nih.gov/orffinder/
» mRNAFHIERE B R Translate Tool

» https://web.expasy.org/translate/

ORF16 (813 aa) Display ORF as... | Mark \ Mark subset... Marked: O Download marked set | as | Protein FASTA v |
>1cl|ORF16 Label Strand Frame Start Stop Length (nt | aa)
MEAKVSRGGGFRGALNYVFDVGKEATHTKNAERVGGNMAGND PRELSREF

SAVRQLRPDIGKPVWHCSLSLPPGERLSAEKWEAVAADFMQRMGFDQTNT ORF16 + 3 3153 5594 2442813 "

PWVAVEHODTDEDHIHIVASRVGLDGEVWLGOWEARRATEATOQELEHTHG
LTLTPGLGDARAERRKLTDKEINMAVRTGDEFFRORLORLLDEAVEDEPT

ALELAERLOAAGVGVRANLASTGRMNGFSFEVAGVPFKGSDLGKGYTWAG ORF7 + 1 9907 10908 1002 | 333
LQEAGVTYDEARDRAGLERFRPTVADRGERQDVARVREPDARGLEAPTGR
SLDRDGADLGTAGPTFAGRDAGSGSLRQGDGHSAQDAGRADARDERERGA ORF17 + 3 5841 6767 927 | 308
GLRAEGREAGRDHLRPVAQPVRAENE PQQHGADRAAGGDLAGQAGERTAG
HDESRRPTDRGSERDAPAPLAAGAGADSGRGRGRDAGSDWASREEQASAR ORF5 + 1 7273 7995 ?23| 240

KREAADGRLGORDLEQGHAHGARVARTDRYSARELDPTAYTLEASGYTVER
EGEHLSVRAGGDEAYRVTROQODGRWLWCDRYGNDGGDNIDLVREIEPGTG

YAEAVYRLSGAPTVRQQPRESEPKRQPPQLEAQGLAAREHGRDYLKGRGI ORF10 + 2 2456 3169 7141237
SQDTIEHAEKAGMVRYADGGVLEFVGYDRAGTAQNATRRAIAPADPVQKRD
LRGSDKSYPPILPGDPAKVWIVEGGPDELALHDIAKRSGOQPPTVIVSGG ORF3 + 1 3925 4608 684 | 227
ANVRSFLERADVQATLKRAERVTVAGENEKNPEAQAKADAGHQKQAQRVA
KITGREVRQWTPKPEHGKDLADMNARQVAETERKROAEIEAERARNRELS ORF13 + 2 8078 8737 660 | 219
RKSRRYDGPSEGR

ORF6 + 1 8995 9624 630 | 209

4 ORF2 + 1 766 1392 627 | 208




HHEFIISREE2: FIIELX

» FHIFE{ELME (Similarity)

» ZPNEARNEERZXEFIIRBMUIZE, LI%RT.
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JEE (Homology)

» ZAERR (BWERE) BEEHEREIRE, FrRARIIREE

(Homologous proteins), E{1{E1EEAGH{LZ RIS
Ij]ﬁbs HEE‘ZE;E%‘E(ZRO




FiRERPHRBRXEAID A=K

y ATEHEBEFEE (Invariant residues)  (identities)
» EFRFINFRLNE FMEANTHTELRRE, A—E
(identities) EFXR=

» A FEAIKE (Variable residues)
» FEFFIRRLEAE EME AT T B EFRE
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His5% 2 (Conservative residues)
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FIAENERFIRAMILERRES

» FFHIEEX T B Basic Local Alignment Search Tool

» https://blast.ncbi.nlm.nih.gov/Blast.cgi

NW Score Identities Positives Gaps
213 79/330(24%) 139/330(42%) 14/330(4%)
Query 1 MEDNTVPLEKLIALLANGEFHSGEQLGESLGMSRAATNKHIQTLRDWGVDVFTVPGKGYSL 60
M + + + + SG+ + ESL +5R A+ K I L+ G + +V EKG+ L
Sbijct 1 MSKYSQDVLOLLYKNKPNYTSGQSTAESLNISRTAVKKVIDQLELEGCKTIDSVNHKGHLL 60
Query 61 PEPIQLLNAEQILGQLDGGSVT————-— VLPVIDSTNQYLLDRIGELKSGDACVAEYQQAG 115
+ + + + I+ Q S \ IDST + +3 +++ Q G

Sbjct el QO-LPDIWYQGIIDQYTKSSALFDFSEVYDSIDSTQLAAKKSLVGNQSSFEFILSDEQTKG 119
Query 116 RGRRGREKWFSPFGANLYLSMFWRLEQGPAAATGLSLVIGIVMAEVLRKLGADKVREVEWPN 175

RGR R W S G L++5+ R + +L I + + + ++ D+V+VEWPN
Sbjct 120 RGRFNRHWSSSKGQGLWMSVVLRPNVAFSMISKFNLFIALGIRDATIQHFSQDEVKVEWPN 179
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» 1. Z1AEERE (ZEE) (FEHHEE E1R) Isoelectric

point; Peptide bond; Salting out; Electrophoresis;

Homologous proteins; Conjugated protein,

HEARAEMT20MIEERNEWN. B5
MAES (FERER LE); RXFMIRESRE: P1115E
7TRAFIP112E 1588 (I E R IAEEFIIT).
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