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ABSTRACT

Non-Chromatographic Protein Purification via Mint¢in Cleavage. (May 2012)

Najla Eunice Valdes
Department of Chemical Engineering
Texas A&M University

Research Advisor: Dr. Zhilei Chen

Department of Chemical Engineering
A protease-free, column-free protein purificatientinology was developed through a
combination of an engineered thio-responsive spiéin and a stimulus-responsive
elastin-like polypeptide (ELP). The DnaE spliteimt fromNostoc punctiforme was
engineered to catalyze C-terminal cleavage, rdtf@rtrans-splicing reaction under
reducing condition at neutral pH. ELP is fusedh® N-fragment of the split-intein and
the protein of interest (POI) is fused to the Gyfreent of the split-intein. Each fusion
protein is expressed separately in E. Coli and af# lysis, these proteins are mixed at
pH8. After mixing, the N- and C- fragments of thmitsintein associate with each other,
linking the ELP to the POI. Salt is then addedhi® protein mixture to precipitate the
ELP. The precipitant containing the ELP-intein-RIOMplex is then solubilized in a
low-salt reducing buffer, inducing intein C-termimtéeavage reaction and separating
POI from the intein and ELP. After intein reactitinge ELP-intein complex is
precipitated again by the addition of high saltfeuyfresulting in purified POI in the
supernatant. Implementation of this technologyangé scale applications can reduce the

complexity, cost, and time required for proteinifscation.
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Red Fluorescent Protein
External Protein
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CHAPTER|

INTRODUCTION

Protein purification techniques continue to be improved over time as a response to
demand for increased purity and decreased costs. Current methods include the use of
expensive columns and long incubation periods and thus lack effectiveness when
implemented in large scale purification. An alternative to column purification is

provided by protein tags that do not require a stationary medium. In 2005, Mahmoud
Banki and David Wood introduced a new method of protein purification using self-
cleaving ELP tags in solution [1]. ELPs are a series of pentapeptides that have the ability
to aggregate at high temperatures and high salt concentrations. Banki and Wood’s
purification procedure eliminated the use of affinity chromatography and proteolytic tag

removal [1].

After further optimization of ELP aggregation, Dr. David Wood’s lab reported optimized
temperatures and salt concentrations [2]. Their study reported that ammonium sulfate
salt is able to induce ELP aggregation at room temperature. Since changes in
temperature can compromise the activity of certain proteins, the ability of ELP to

aggregate at room temperature makes it a useful tag for protein purification.

This thesis follows the style dProtein Expression and Purification.



For ELP to be successfully used as a tag for pragerification, ELP must have the
ability to attach to, and detach from the targetgn. A controlled medium that
connects an ELP tag to the target protein can waged by inteins. An intein is a type
of protein that is naturally inserted in an extépratein (extein) and has the ability to
self-excise and join the two halves of the exteiith a peptide. This process is referred

to astrans-splicing and is depicted in Fig. 1A.

A B
[BaN g ntein RRREKIC) oD + ID &
< -
T Em— Self-excision T— Self-excision
M Trans-splicing M Trans-splicing

Fig. 1. Inteintrans-splicing. (A) Continuous-inteitrans-splicing. (B) Split-inteirtrans-splicing.

In nature some inteins have their catalytic ressdspgit between two separate proteins.
These inteins are called split-inteins. As seeign 1B, split-inteins also have the
ability to trans-splice, linking two separate extein proteins. Aample of naturally
split-inteins is the DnakE intein froMostoc punctiforme (Npu) [3]. In 2009, Zettler and
Schitz characterized the kinetics améns-splicing efficiency of multiple split-inteins
and reported thBlpu split-intein has the highestans-splicing efficiency and reaction

rate [4]. We recently engineered the C-fragmerthefNpu split-intein (NpuC*) that



catalyzes C-terminal cleavage reaction insteatetr ains-splicing reaction, without
affecting the binding affinity between the N- anddfminal of the split-intein. The
schematic of the reaction catalyzed by NpuC* isaeg in Fig. 2. When NpuC* reacts
with NpuN in the absence of a reducing agtmans-splicing is prevented and the split-
inten and its extein form a complex. After the NpNNuC* complex has been formed,
addition of a reducing agent induces cleavage la@@xtein at the C-fragment is cleaved

from the complex.

DD + XD 9

l No stimulus added

l Reducing conditions

B ] oo nouc: S EGe)

Fig. 2. Schematic of NpuC* reaction

The mechanism of NpuC* described in Fig. 2 provitthesbasis of the purification

scheme shown in Fig. 3, where ExtN is replaced by Bnd ExtC is replaced by the



protein of interest (POI). It is expected that thet reaction rate dfipu will have a

positive impact on the time required to purify P#@I.

l Non-reducing conditions
In solution ELP NpuN NpuC* POI
l Add (NH, )50,

ELP NpuN NpucC* POI

Pellet I\> Supernatant
ELP @ NpuN NpuC* POI

Re-suspend in reducing conditions
v

In Solution ELP M NpuN NpuC* POI

Add (NH,),S0,

W
GEcP WY NouN Nouc RO
pellet \9 m purified POI

v in solution

Fig. 3. Schematic of protein purification of POI using Njpjuand ELP



CHAPTERIII

METHODS

Cloning

Cloning of all constructs was verified by sequegcin

PET-ELP-L-NpuN
Plasmid PET-ELP-I-MBP, a gift from Dr. David Woo@lhe Ohio State University), was
digested with Hindlll and EcoRI. The L-NpuN fragnievas PCR amplified from pl-
GFP-L-NpuN (construct previously cloned in our leddory) using oligonucleotides
obtained from Fisher. The PCR product was purified inserted into the digested pET-

30 vector.

pl-NpuC*-PTDH

Plasmid pl-NpuC-GFP was digested with Xhol and N&8IDH was PCR amplified
from HZ529-PTDH-E175A-pRW?2, a gift from Dr. Zhaorglyersity of lllinois), and
linked to NpuC*. The fragment NpuC* contains mutatD118G, achieved through site-
directed mutagenesis, and the Nhel restrictionadites 5’ strand to simplify the cloning

of the remaining constructs. NpuC*-PTDH was insiteo the digested pET-26 vector.



pl-NpuC*-GFP
Plasmid pl-NpuC*-PTDH was digested with Xhol andeNhThe GFP fragment was
PCR amplified from pl-NpuC-GFP using oligonucleesdbtained from Fisher. The

PCR product was purified and inserted into the stiggt pET-26 vector.

pl-NpuC*-MBP

Plasmid pl-NpuC*-PTDH was digested with Xhol andaNhThe MBP fragment was
PCR amplified from pET-ELP-I-MBP, a gift from Dr.aid Wood (The Ohio State
University), using oligonucleotides obtained fromHer. The PCR product was purified

and inserted into the digested pET-26 vector.

pl-NpuC*-DsRed

Plasmid pl-NpuC*-PTDH was digested with Xhol andeNhThe DsRed fragment was
PCR amplified from pI-NpuC-DsRed (construct prewigwcloned in our laboratory)
using oligonucleotides obtained from Fisher. Thé&rRfLoduct was purified and inserted

into the digested pET-26 vector.

Protein expression

Expression of all protein constructs used in thefigation of POI begins with the
transformation of E. Coli BLR (DE3) cells with aagimid construct. Following heat-
shock, cells were transferred to 1 mL of LB medsside a 14 mL culture tube and

incubated at 37°C, shaking at 250 rpm for 1 h. Afteubation, 10Q.L of the cell



culture were transferred to an agarose + antibpéite and incubated overnight at 37°C.
The construct pET-ELP-L-NpuN was incubated in dgtantaining 5 pg/mL of
Tetracycline and 100 pg/mL of Ampcillin for a petiof 12-15 h. Constructs of the form
pl-NpuC*-POI were incubated in a plate containingg@mL of Tetracycline and

50 pg/mL of Kanamycin for a period of 15-18 h.

Following overnight incubation, a single colony wasked from the plate and
transferred to 5 mL of LB media inside a 14 mL aréttube which contained 5 pL of
either Ampcillin (100 mg/mL) or Kanamycin (50 mg/inand 5uL of Tetracycline

(5 mg/mL). The colony in the media was incubate87aC shaking at 250 rpm until the
cell density reached a value of 0.6. The cell ¢altuas then transferred to 1 L of LB
(containing 1 mL of 5 mg/mL of Tetracycline plusnL of 50 mg/mL of Kanamycin or
100 mg/mL of Ampcillin) inside a 2.8 L flask. Theltculture was incubated at 37°C,
shaking at 230-250 rpm until cell density reachds] followed by a cooling period of
10 min in an ice-water bath. After the cooling péti200 puL of 1M IPTG were added to
the cell culture to induce protein expression, @ir@dculture was incubated at 18°C
shaking at 230-250 rpm for 15 h. Following overnigitubation, the cell culture was
transferred to centrifuge tubes and centrifugegD@dxg for 20 min at 4°C. The
supernatant was discarded and the cell pellet rmasferred to 14mL culture tubes in
aliquots of 1 g of wet pellet and stored at -20%@raight. All proteins used in our

experiments were expressed as described above.



NpuC* activity test
Proteins pl-GFP-L-NpuN, pl-NpuC-GFP, and pl-NpuCFE®&were purified using a Ni-

NTA column to test the activity of NpuC*.

Ni-NTA purification

First, 100 pL of Ni-NTA agarose beads were tramsfito a 5 mL column, followed by
3 mL of lysis buffer to equilibrate the column. &ftequilibration, 5 mL of cleared cell
lysate were added to the column through a pipetéking sure that the beads were well
mixed with the lysate. The column was washed withL3of lysis buffer followed by a
wash with wash buffer which contained 10% elutioiffdr (elution buffer composition:
150mM imidazole, 500mM NacCl, and 50mM tris-HCI).€lprotein was eluted with

600 pL of 100% elution buffer and collected insadmini-centrifuge tube.

Activity test

Purified pl-GFP-L-NpuN and pl-NpuC-GFP were mixadi2:1 molar ratio with 1M
DTT (final concentration of 10mM) in ddH20 insidd.& mL mini-centrifuge tube. The
procedure was repeated for the reaction betwe&Hp-L-NpuN and pl-NpuC*-GFP
and for each of the individual proteins. All tubesre incubated overnight at room

temperature. All samples were analyzed by SDS-PAGE.



Target protein purification

The following sections describe the methodologypiatein purification of POI.

Cdl lysis

A single aliquot of frozen cell pellet was thawedde and suspended in 10 mL of lysis
buffer per gram of wet pellet (lysis buffer compgmsi: 500 mM NaCl, 50 mM tris-HCl,
pH8). The suspended pellet was sonicated in itieedbllowing conditions: 40 amps,

1 s pulse, 2 s pause, and 3 min of total sonicaine. Following sonication, the sample
was transferred to a centrifuge tube and centrduagel 6,000xg for 20 min at 4°C.
Cleared cell lysate was transferred to a clearribege tube and stored at 4°C. After
obtaining the soluble lysate for pET-ELP-L-NpuN aneNpuC*-GFP, pl-NpuC*-MBP,

pl-NpuC*PTDH, or pl-NpuC*-DsRed, the purificatior the POI was carried out.

Pre-purification of ELP-L-NpuN

To the cleared soluble lysate of ELP-L-NpuN, ammansulfate (0.4 M) was added and
the mixture was incubated at room temperature @omin. The sample was centrifuged
at 16,000xg for 20 min at 4°C. The supernatantavssarded and the pellet was re-

suspended in the same volume of lysis buffer.

Purification of POI
All of the POls were purified as described below®&-P. First, 2 mL of pre-purified

pPET-ELP-L-NpuN were mixed with 1 mL of pl-NpuC*-e@®Hnside a centrifuge tube.
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The sample was incubated inside a tube turner@oni® at room temperature (22°C).
After the 30 min incubation, ammonium sulfate wdde to a final concentration of
0.4 M and the sample was incubated an additionahibOat room temperature. The
sample was then centrifuged at 14000xg for 10 mim@m temperature. Following
centrifugation, the supernatant was discarded laagellet was suspended in 1 mL of
lysis buffer. C-terminated cleavage was induceddying DTT to a final concentration
of 50 mM. The sample was transferred to a cleamiL Bnini-centrifuge tube and
incubated at room temperature for 3 h or for 2@tér avhich ammonium sulfate was
added to a final concentration of 0.4 M. The sasplere centrifuged at 14000xg for
10 min at room temperature and the purified POI ngasvered in the supernatant. All

samples were analyzed by SDS-PAGE.

SDS-PAGE analysis

All samples for SDS-PAGE analysis were preparethbyng 50 pL of each sample
with 50 pL of 2X SDS Buffer inside a 1.5 mL miningdafuge tube. Samples were
heated at 95°C for 5 min and 10 pL of each sampkeloaded into different lanes of a

10% polyacrylamide gel. The gel was run at 120 V50 min.

PTDH activity assay
Small scale purification was performed to carry tinet PTDH activity assay. Inside
seven 1.5 mL mini-centrifuge tubes, 500 pL of pHIRE.-NpuN and 100 pL of pl-

NpuC*-PTDH were mixed. One tube was saved to besémeple for mixed cell lysates
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and to the remaining 6 tubes, ammonium sulfateadldged to a final concentration of
0.4 M. One tube was separated and the remainingestwere incubated at room
temperature for 10 min and centrifuged at 14,000xd.0 min at room temperature.

One tube was set aside to be the sample of thgpetion of the entire ELP-L-NpuN-
NpuC*-PTDH complex and the remaining 4 tubes welgected to the remaining
purification procedure, setting aside a sampler &eh subsequent step. Once samples
of all purification steps were separated, 1 pL @fd\Blue Tetrazolium Chloride (NBT)
assay mix was added per 10 pL of purification samphe purpose of the assay is to
visualize the presence of PTDH in solution (PTDkabaes the reduction of NBT

characterized by a change in color from yellowaokdblue).
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CHAPTER 111

RESULTS

The activity test of NpuC* was performed as desim Chapter 1l and results are
displayed in Fig.4. It is observed that when GFRyuN reacts with wild-type NpuC-
GFP, NpuC-GFP disappears antlans-splicing product appears (Lane 4). Unlike NpuC
wild-type, when NpuC* reacts with NpuN, NpuC* digegars and a cleavage product
appears (Lane 5) instead ofrans-splicing product. At pH8 and under the presence of
DTT, NpuC* loosedrans-splicing activity and achieves a high percentaiggeavage

efficiency.

118 kDa

85 kDa
GFP-L-Mpul-NpuC-GFP
A7 kDa
GFP-L-MpuM
36 kDa NpuC-GFP
GFP
26 kDa

Fig. 4. Activity test of NpuC*. Lanes: M: molecular weigimarker, 1: pl-GFP-L-NpuN, 2: pl-
NpuC-GFP, 3: pl-NpuC*-GFP, 4: reaction with wildsy NpuC, 5: reaction with mutant NpuC

After analyzing the activity of NpuC*, the purifitan scheme was performed on
different target proteins as described in Chaptd¥ig. 5 demonstrates the step-by-step

purification of PTDH and DsRed. Protein purificatibegins with the mixture of the
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lysates of ELP-L-NpuN and NpuC*-POI. As indicatedrig. 5(A), the cell lysate
mixture turned blue due to the presence of PTDsbintion. Following salt addition

and centrifugation, the solution remained yellowfaoing that NpuC*-PTDH was
pulled down by ELP-L-NpuN. After the complex wasstiespended in low-salt buffer
and DTT was added to induce cleavage reactiorsdhgion turned blue upon the
addition of NBT, indicating that PTDH was againg#et in solution. In the final step
after salt was added and the sample was centrifuigecdbserved that the ELP complex
was precipitated and the cleaved PTDH was presestlution. In Fig. 5(B), the color
red indicates the presence of DsRed. Results frignbkB) are similar to those of Fig.

5(A) indicating that both PTDH and DsRed were pedf

2 3 4
(NHA)QSO‘ Low salt DIT
\ ?
2 3 : a5
(NH,),50, Low salt DIT (NH,),50,

Fig. 5. Purification of (A) PTDH and (B) DsRed. (1) Celbbte mixture, (2) pull-down of intein
complex after salt addition and centrifugation, &suspension of intein complex, (4) induction
of cleavage reaction, (5) removal of ELP complexfrpurified POI.

3

w80,
—_—




Fig. 6 below shows SDS-PAGE gels obtained fronptlnéication of different target

proteins including PTDH, GFP, MBP, and DsRed.

A B
123 4567 8 9M 123 4567 8 9M
116 KDa 116 kDa
L 66 N_ 66
= 4> NpuC*-PTDH >
35 PTOH -
— NpuC*-GFP
25 ‘ 5 OFP
C D
123456789 M 123 456789 M
116 KDa 116 kDa
N 66 N 66
T — NpuC*-MBP
e “es T MBp >
& 35 35
— NpuC*DsRed
—  DsRed

25

Fig. 6. SDS-PAGE analysis of target purification of (A)[PH, (B) GFP, (C) MBP, and (D)
DsRed. Lanes: M: molecular weight marker, 1: prafd ELP-L-NpuN, 2: NpuC*-POl lysate,
3: mixture of lysates, 4: supernatant after preaijmn with(NH,),S0, , 5: pellet after
precipitation with(NH,),S0, , 6: intein mixture following cleavage reaction péllet after
precipitation following cleavage reaction, 8: pi@if POI after 3 h of cleavage reaction, 9:
purified POI after 20 h of cleavage reaction.

Lanes 1-3 represent step 1 of Fig. 5. The preseiheeme of the POI in the supernatant
as seen in Lane 4 of Fig. 6 indicates that nadfathe NpuC*-POI gets pulled down.
Despite the incomplete pull-down, the band corradpgg to NpuC*-POl in Lane 5 has
greater intensity than in Lane 4, indicating thgt@ater percentage of NpuC*-POI

precipitates along with the ELP. The result of tlemvage reaction can be observed by

14



the transition from Lane 5 to Lane 6. The transitonsists of the disappearance of the
band corresponding to NpuC*-POI (Lane 5) and theeapance of the band
corresponding to the POI (Lane 6). As seen in L&3@sthe recovered POI is of high
purity and the reaction is complete after 3 h sihege is no visible change in the
intensity of the band from Lane 8 to Lane 9. Basedhe SDS-PAGE results and the
pictures taken throughout the target protein peatfon, four different target proteins,

PTDH, GFP, MBP, and DsRed were successfully puatifie

15
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CHAPTER IV

CONCLUSIONS

The C-fragment of thilpu split-intein was mutated to induce C-terminateshehge

upon addition of DTT. This mutation did not afféicé affinity between the N- and C-
fragment of the split-intein and allowed the clegezaeaction to be controlled. However,
upon precipitation of the ELP-L-NpuN and NpuC*-P@ikture, an incomplete pull-
down of NpuC*-POI was observed which is possiblg tlusteric hindrance between the

POI andNpu.

The time required for the cleavage reaction tohleamnpletion confirmed the original
hypothesis that usingpu as the split-intein would positively affect theng&tics of the
reaction. The time required for the cleavage reacttas determined to be 3 h at room
temperature. These conditions resulted in the sgéalepurification of four different
proteins of multiple structures. These proteinsrarteprocessed for large periods of time

and they are not subjected to temperature changes.

Although the purification scheme has the abilitytoify proteins of multiple structures
in a short period of time, the scheme is limitedh® purification of soluble proteins.
Future work will consist on the addition of a salityp enhancing tag to one of the fusion

proteins to attempt to purify insoluble proteinse Will also focus on obtaining



guantitative measurements for the percentage ¢éiproecovery and for the activity of

the protein after purification.

17
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