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Abstract: The addition of poly(ethylene glycol) (M,, = 200
g/mol) (PEG-200) to the fermentation media of Alcalig-
enes eutrophus and Alcaligenes latus at various stages
of growth resulted in the synthesis of poly(3-
hydroxybutyrate) (PHB) with bimodal molecular weight
distributions. The presence of 2% w/v-PEG-200 did not
have deleterious effects on PHB volumetric yields and
cell productivity. In general, the M, values of the high (H)
and low (L) fractions showed little variability as a func-
tion of the time at which PEG-200 was added to the cul-
tures. By this approach, the H:L ratios (w/w) of the PHB
synthesized by A. eutrophus and A. latus were varied
from 9:91 to 76:24 and from 16:84 to 88:12, respectively.
It is believed that the H fractions were formed prior to the
addition of PEG-200 to the cultures. Also, once PEG-200
was made available to the cells, PEG-200 acted as a
switch so that the reduced molecular weight fraction was
formed. In addition, a necessary requirement for the
above is that the frequency of transesterification reac-
tions during polymer synthesis was small. The efficiency
that PEG-200 reduced the molecular weight of the PHBs
formed by both bacteria appears similar. Indirect evi-
dence suggests that the PHB L fractions formed by A.
latus subsequent to PEG-200 addition consist primarily
of chains that have PEG terminal groups. This terminal
chain structure was not observed for PHB formed by A.
eutrophus. © 1999 John Wiley & Sons, Inc. Biotechnol Bioeng
62: 106-113, 1999.
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INTRODUCTION

bacterial species as intracellular carbon and energy reserve
materials (Anderson and Dawes, 1990; Dawes and Senior,
1973; Doi, 1990). The general structure for the PHA subset
of B-linked PHAs is shown below. When R is methyl, the
polymer is poly(3-hydroxybutyric acid), PHB.
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A number of reviews on PHAs that describe biochemical
aspects of polymer formation, structural variability, and
properties have been published (Anderson and Dawes,
1990; Brandl et al., 1990; Doi, 1990; Gross, 1994, Stein-
buchel, 1991; Steinbuchel and Valentin, 1995). An impor-
tant benefit of many microbial polyesters is that they have
been found to be biodegradable upon disposal (Abe and
Doi, 1996; Molitoris et al., 1996; Doi et al., 1990).

Although the biochemistry of PHA (mainly PHB) bio-
synthesis has been the subject of much recent work (Byrom,
1994, Kidwell et al., 1995; Steinbuchel et al., 1995; Wiec-
zorek et al., 1995), the mechanisms of polymer growth and
control of chain molecular weight are not understood.
Hence, rational methods for PHA molecular weight control
other than our investigations into the use of polyethylene

Poly(hydroxyalkanoic acids), PHAs, are a family of opti- giyco| (PEG) in culture media (Shi et al., 1996b; Ashby et

cally active polyesters that are synthesized by numeroug’
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ization () values than alkaline hypochlorite or acid hydro-

lysis treatment (Doi, 1990). Also, the bacterial strain used is

an important factor. For examplézotobacter vinelandii
(Akita et al., 1976) has been reported to produce PHB with
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molecular weights up to 3.39 x 4@/mol, where the mo- range of 16-1¢° g/mol. Undoubtedly, by controlling the
lecular weights of PHB fromA\. eutrophusre generally less  molecular weights of each fraction as well as the ratio of
than 16 g/mol. The polymerization degree also may vary high to low molecular weight product, important changes in
depending on the time selected for harvesting cells, théhe physico-mechanical properties as well as the bioerosion
limiting nutrient used, and by changing other culture physi-rates will result.

ological conditions (Anderson and Dawes, 1990; Suzuki et In this paper, we report on a route to bacterial polyesters
al., 1988). For example, by using a two-stage batch cultihaving complex but controlled molecular weight distribu-
vation of A. eutrophuson fructose or butyric acid in nitro- tions. This was accomplished by adding PEG-200 at differ-
gen-free medium, the molecular weight of PHB was time,ent times to the culture broths éf eutrophusandA. latus
temperature, and pH dependent (Doi et al., 1989). The PHBermentations. In other words, PEG-200 was added to the
M, increased rapidly with time during the course of PHB incubations at various stages of bacterial growth and poly-
accumulation to reach a maximum value ((10 +2) X))@  mer formation.

a 6 h incubation time. Extended cultivation time beyond 6 h

resulted in loweM, PHB. PHBM,, also varied under iden-

tical cultivation conditions but with variation of the carbon MATERIALS AND METHODS

source (fructose versus butyric acid) (Doi, 1990). In another

study, the molecular weight of PHB produced in afed—batchStrain Information

culture of Protomonas extorquengas affected by the cul-
ture temperature, pH, molar ratio of methanol to ammoniaA

and concentration of methanol in the medium (Suzuki et aI.Can Type Culture Collection (Rockville, MD) whik. latus

1988). Also, ultrahigh molecular \_/v_eight PHMQ_ N (5_29)_ DSM 1122 was kindly supplied by Dr. Urs'Haggi (Biomer
x 10°) was produced under specific fermentation Cond't'onSBiodegradable Polymers, Krailling, Germany). For long-

bys\l;ilanQS aLreCOT?'nfggEjChﬁ_”Ehr']a t():OIIéjj(L-It B“;]e term cell preservation, each organism was grown in liquid
(P ) (Lee etal, ) which harboréd eutrophus culture to the late-log phase and cryogenically stored in

PHB b|os|ynthe3|slp(rt1)bCAB ger;]es (|ijSﬁka eht aI.,dﬁ)Q?). fquuid nitrogen. These frozen cells were used for inoculation
Recently, our laboratory showed that the addition o of cultures in all experiments. Details of the method used

PE.GS with.molecular weights-1000 g/mol to .the fermen- have been described elsewhere (Shi et al., 1996a; Ashby et
tation medium decreased the molecular weights of the re; 1997)

sulting polymers to varying degrees. The extent of molecu-
lar weight reduction depended on the PEG molecular weight
and concentration in the incubation medium (Shi et a'-'lnoculation, Growth, and PHB Production in
1996b; Ashby et al., 1997). This technology has resulted irLiquid Culture
the biosynthesis of PHBs with molecular weigh ] rang-
ing from 1.1 x 16 to 1.2 x 16 g/mol. In one report, control  Shake flask cultures of each organism were carried out at
of the PHB molecular weight occurred due to the termina-200 mL volumes in 500 mL Erlenmeyer flasks. All medium
tion of propagating PHB chains by PEG (Ashby et al.,formulations were prepared using deionized water and re-
1997). This resulted in thim vivo formation of PHB-PEG agent grade media components that were purchased (unless
diblock copolymers (natural-synthetic hybrids) Aylatus.  otherwise specified) either from Aldrich Chemical Com-
In a related publication using. eutrophusPEG also pro- pany (Milwaukee, WI) or Fischer Scientific (Fair Lawn,
vided control of PHB molecular weight. However, in this NJ). With the exception of fructose that was sterilized by
later case, diblock copolymers were not formed (Shi et al.filtration, fermentation media were sterilized by autoclaving
1996b). It was hypothesized that PEG interacted with thet 121°C for 20 min. All cultures were inoculated using the
PHA synthase oA\. eutrophusn such a way that there was contents of rapidly thawed cryovials at a concentration of
an increase in the rate of chain termination events by wate®.1% (v/v). PHB production byA. latus was conducted
relative to propagation reactions. under single-stage fermentation conditions. In contrast, for
The phbB (acetoacetyl-CoA reductase) apdbC (PHA  A. eutrophusthe fermentation involved a two-stage pro-
synthase) genes from. eutrophuswvere transferred to and cess. The specific culture conditions and the medium for-
successfully expressed in the pl@aabidopsis thalianaus-  mulations for bothA. eutrophusandA. latusfermentations
ing anAgrobacterium tumefaciend vector system (Poirier are exactly as was described previously (Shi et al., 1996a;
et al.,, 1995). The resulting transgerc thalianademon-  Ashby et al., 1997). In all experiments, the organisms were
strated the feasibility of plant mediated PHB biosynthesiscultivated at 30°C with shaking at 250 rpm and a pH of 7.0.
Analysis of the resulting plant-generated PHB showed thaPolyethylene glycol having 8,, of 200 g/mol (PEG-200,
a substantial portion of the product had molecular weightsnolecular weight specified by the manufacturer) was ob-
of about 16 g/mol. Such molecular weights are similar to tained from Aldrich and was used as received. The REG
bacterial PHB synthesized by. eutrophusHowever, un-  was also determined in our laboratory Bif] nuclear mag-
like bacterial PHB, the plant-generated polymer had a monetic resonance (NMR) spectroscopy. Comparison of inten-
lecular weight distribution that was multimodal. Substantialsities for terminal CH-OH and internal -[O-CHCH,-]-
product fractions had chains of molecular weights in theproton resonances at 3.62 and 3.66 ppm, respectively,

. eutrophusATCC 17699 was purchased from the Ameri-
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showed that the NMR-determinéd}, for PEG-200 was 194 volution and integration of bimodal distributions was car-
g/mol. ried out by using Peakfit peak analysis software (Jandel
For A. latusincubations, 2% (v/v) sterile PEG-200 was Scientific, San Rafael, CA) assuming Gaussian peak distri-
added to separate cultures at 16, 20, 24, 28, and 32 h podiutions. Molecular weight averages of each peak in bimodal
inoculation. All A. latusfermentations were conducted for distributions were calculated by importing the generated
48 h. The bacterial cells were harvested by centrifugatiordata from Peakfit software into a spreadsheet format and
(5900, 20 min), washed once with water, and lyophilized. calculating the molecular weight/) at retention timesT)
PHB production byA. eutrophuswas carried out under along the peak by using the following equation:
two-stage fermentation conditions. GrowthAfeutrophus _ _
was initiated in 200 mL volumes (in 500 mL Erlenmeyer Log M; = 11 - 0.208. @
flasks) of nutrient-rich media under aerobic conditions forEQ. (1) was generated by Millenium software for the poly-
24 h (see reference Kunioka et al. (1989) for media comstyrene standard calibration plot L& versusT. The mo-
position and fermentation conditions). The cells were therecular weight averagels!,, andM,, were calculated using
harvested aseptically by centrifugation (5§0@0 min).  Eds. (2) and (3), respectively,

Typically, the cell dry weight (CDW) of first-stagA. eu- E h

trophuscultivations was approximately 3.5 g/L and the ex- =

tent of polymer formation was less than 2.7% of the CDW M= (2
(<0.1 g/L). The cells were then washed in sterile; NBO,— E hi/M;

NaH,PO, buffer and aseptically transferred into 500 mL '

Erlenmeyer flasks containing 200 mL of nitrogen-free me- 2 h M

dium and 2.0% filter sterile fructose as the polymer produc- M. = i 3)
ing substrate (see reference Shi et al. (1996a) for media w E h, ’

composition and fermentation conditions). Two percent (v/

v) PEG-200 was added to separate flasks at 4 h intervakﬁ‘/herehi is the refractive index detector output (mV) at a

from 4 to 36 h during the 48 h second or PHB productiong; e, data point, ani, is the calculated value from Eq. (1)
stage. At the end of tha. eutrophugermentations, the cells above.

were separated, washed, and lyophilized as above.

Structural Analysis by 'TH-NMR

Proton {H) NMR spectra were recorded at 250 MHz on a
The intracellular PHB produced by each organism was isoBruker AMX 250 spectrometer. Chemical shifts in parts per
lated by stirring a suspension of the lyophilized cells (aboummillion (ppm) were reported downfield from 0.00 ppm us-
0.5 g) with an excess of chloroform (100 mL) at room ing tetramethylsilane (TMS) as an internal reference. The
temperature for 48 h. The insoluble cellular material wasexperimental parameters were as follows: 0.5% (w/v) poly-
removed by filtration, and the solvent was evaporated leavmer in chloroforme, temperature 298 K, 2.4s (14°) pulse

ing the crude PHB product. This crude product was therwidth, 3 s acquisition time, and 5000 Hz spectral width. The
redissolved in chloroform{D.1 g/mL) and was precipitated repeat unit composition of products was determined by the
by dropwise addition of the chloroform/polymer solution relative intensity of signals due to 3-hydroxybutyrate (HB)
into cold methanol. The PHB was isolated by filtration andand ethylene oxide (EG) repeat units, respectively (Shi et
washed once with cold methanol. The % PHB of the cellularal., 1996a; Ashby et al., 1997).

dry weight and the volumetric PHB vyields for cultivations

of A. latusand A. eutrophuswithout adding PEG to the RESULTS AND DISCUSSION

media were 56% (2.5 g/L) and 52% (4.5 g/L), respectively.ln this work, we investigated whether the addition of PEG

Additional details of the procedure used are described E|Sezit different imes during bolvmer oroduction would result in
where (Shi et al., 1996a). g polymer p

“tailored” molecular weight distributions. In other words,

this study attempted to experimentally validate the follow-
Molecular Weight Determinations ing hypothesis: the microbial PHB polymerization could be
switched from the formation of higher to lower molecular

The number- and weight-average molecular weighig ( . . . .
and M,,, respectively) and the polydispersityl(/M.) of vnvggitthHB upon the introduction of PEG into the culture

each PHB sample were determined by gel permeation chro-

matography (GPC). Polystyrene standards (Aldrich, Mil- . L

waukee, WI) with low polydispersities were used to gener-Polymer Yields and Cellular Productivities

ate a calibration curve from which product molecular The effect on both PHB yield and cellular productivity of
weights were determined with no further corrections. Ad-adding PEG-200 to the medium at variable incubation times
ditional details of the GPC method were described elsewas studied (see Table ). Most bacterial storage polymers,
where (Shi et al., 1996a; Ashby et al., 1997). Peak deconwhether polyesters or polysaccharides, are produced during

Polymer Isolation
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Tablel. Poly(3-hydroxybutyrate) production in the presence of PEG-200PEG-200 to theA. eutrophuscultivations was carried out
by A. latusandA. eutrophus. during the second stage Af eutrophusncubations at times

Non-PHB between 4 and 36 h. Control experiments conducted in me-
residual Polymer Cellular dium without PEG addition resulted inan R-CY 0of 4.2 + 0.2
Supplement  cell yield® yield productivity g/L. In contrast to theA. latus system, the R-CY ofA.

Product  time* (h) (R-CY) L) (mgimg R-CYJ  aytrophusupon termination of the fermentations increased
Alcaligenes latus DSM 1122 from 3.3 to 4.3 g/L as PEG addition to the medium was

La-1 Controf 20+0.2 25+0.3 13+0.2 carried out later in the cultivations (see Table ). Thus, a 2%

La-2 16 1.6 2.8 1.8 addition of PEG-200 to the PHB production medium early

La-3 20 1.8 2.8 16 in the fermentation resulted in poorer cell growth. However,

La-4 24 1.9 25 13 polymer yields remained relatively constant at about 4.5 +

La-5 28 2.0 2.4 1.2 . -

La-6 32 29 24 11 0.2 g/L regardless of the time of PEG addition to the culture
Alcaligenes eutrophudTCC 17699 (see Table I). Hence, the result was higher cellular produc-

E-1 Controf 42+0.2  45%02 11+0.1 tivity when PEG-200 was added early in the fermentation.

E-2 4 3.3 4.5 14 This indicates that while PEG-200 caused a decrease in the

Ej 12 22 g'g 1: cellular biomass (probably due to osmotic restraints), it also

E-5 16 39 47 12 seemed to activate the PHB biosynthetic systerA.ireu-

E-6 20 4.2 4.2 1.0 trophus.

E-7 24 3.9 4.4 1.1

E-8 28 4.2 4.4 11

E-9 32 4.2 4.4 1.1 Generation of PHB Having Controlled Molecular

E-10 36 4.3 4.7 11 Weight Distributions

2PEG-200 supplements were added at the polymer production stage 8Vhen PEG-200 was added at different times to the PHB
the fermentations. (1st stage fér latusand 2nd stage foA. eutrophuk production cultures of each organism, the result was that the

°The non-PHB residual cell yield (R-CY) is the total cell dry weight nroqycts formed had very different molecular weight distri-
E;Emorr:'gi gﬁfﬁﬁ;ﬁnfr 3?;3"2:/'3]6(1 microbial polyester [R-€Y 1, ions. These distributions were bimodal and consisted of

°Cell productivity = polymer yield/R-CY. high (H) and low (L) molecular weight fractions (see Fig.

dCarbon source used was 1% glucoseAoflatusand filter sterile 2%  1). In each case, the ratio of H to L (H:L w/w) was dictated
fructose forA. eutrophus(for additional details on the fermentations see by the time at which the PEG-200 was added into the fer-
Experimental section). _ ~mentation medium (Fig. 2). The results showed that the

Controls contained no PEG-200 for the duration of the fermen'[atlons.addition of PEG-200 early in the fermentations24 h for

A. latus, =16 h for A. eutrophu} produced a relatively
larger concentration of low molecular weight products (H:L

the stationary growth phase. However, it has been docu<1). Using the fermentation conditions described herein, the
mented thaf. latusproduces PHB concomitantly with cel- H:L ranged from 0.19 to 7.33 and from 0.10 to 3.17 for
lular growth (Hanggi, 1990). Hence, 2% (v/v) sterile PEG- PHBs synthesized bi. latusandA. eutrophustespectively
200 was aseptically added to the growth mediumdofatus  (Fig. 2). Previous work in our laboratory showed that PEGs
between the late-log (16 h post-inoculation) and mid-with M, = 1000 g/mol appeared to increase the rate of chain
stationary (32 h post-inoculation) growth phases. In controtermination relative to propagation for the reactions cata-
experiments carried out in medium without PEG addition,lyzed by the PHB synthase systems (Shi et al., 1996b;
the biomass accumulation &f latus,expressed as the non- Ashby et al., 1997). Hence, the presence of PEG at earlier
PHB residual cell yield (R-CY, see Table I, legend b), wasstages of polymer production allows the PEG to reduce the
2.0 £ 0.2 g/L. After inspection of R-CY, polymer yields, molecular weight of a larger product fraction. In other
and cellular productivity values for th&. latuscultivations,  words, it appears that the fraction of product which is pro-
it was concluded that PEG-200 addition to the medium atluced during the time that PEG is available to the PHA
16-32 h did not significantly affect these values (see Tablesynthase is similar in value to the fraction of PHB that was
I). These results suggest that for the above incubations, thiermed with reduced molecular weight.
osmotic stress to the organism caused by adding PEG to the Control experiments foA. latusand A. eutrophusper-
medium did not result in a deleterious affect on PHB for-formed where PEG was not added to the incubations re-
mation. sulted in unimodal molecular weight distributions avig/

In contrast toA. latus, A. eutrophugultivations were M, values of about 2.5. For the culture conditions used
conducted by a two-stage fermentation process (see Mat&erein, comparison of the control experiments showed that
rials and Methods section). The nutrient-rich first stage washe PHB synthesized by. eutrophushad a molecular
designed to increase the cellular biomass without PHB acweight that was about 3 times larger than that frantatus.
cumulation while the second stage was conducted so th&EG addition to thé\. latusculture at 16 h post-inoculation
PHB production was enhanced (see Materials and Method®sulted in a single molecular weight peak corresponding to
section and Shi et al. (1996b)). Hence, the addition of 2%he L fraction. This indicated that PHB production by the
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Figure 1. GPC traces of the products formed By eutrophusand A. latusbased on the time of PEG-200 supplements: £AJatusproduct La-3, (B)

Retention Time

{f)

A. latusproduct La-4, (C)A. latusproduct La-5, (D)A. eutrophusproduct E-3, (E)A. eutrophusproduct E-5, (F)A. eutrophusproduct E-10.
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—— Alcaligenes latus
-=- Alcaligenes eutrophus

Peak area ratio
(H fraction/L fraction)

0 t t t

0 10 20 30
Time of PEG-200 supplements (h)

40

Figure 2. Peak area ratios (H/L) from the bimodal molecular weight

distributions of PHB products formed B. eutrophusand A. latus.

latus system was negligible prior to 16 h. Indeed, when
latus cells were harvested after the 16 h culture time, thechromatograms and corresponding fractions. This may ex-
polymer yield was only 0.1 g/L. The molecular weights of plain the observed deviations in molecular weight Aof

the H and L components for bimodal products were detereutrophusL fractions described above. In addition, when
mined by using peak fit software (see Materials and Meth-PEG is present in the medium prior to inoculation, the mo-
ods). With the exception of sample Lah3,, values for the H
fractions of A. latus products remained almost unchangedexceed 2.5 (Shi et al., 1996b). This shows that the numerical

(390,000 g/mol). The same was true for the H fractions of
A. eutrophusproducts M, about 1.2 million g/mol). This
supports the hypothesis above that the H fractions were
formed prior to the addition of PEG-200 to cultures. Fur-
thermore, the L fractiot,, values for PHBs formed b.
latus are almost invariable[30,000 g/mol). Hence, it ap-
pears that once PEG-200 is available to the cells, PEG-200
acts as a switch so that the reduced molecular weight frac-
tion is formed. On the basis of our previous work, the L
fraction M, can be controlled by variation in the PEG mo-
lecular weight and PEG medium concentration (Shi et al.,
1996b; Ashby et al., 1997). Therefore, in principle, the mo-
lecular weight of the L fraction can be rationally varied by
the selection of a specific PEG molecular weight and me-
dium concentration. In the case of the L fractions produced
by A. eutrophusthe results were more complex. Specifi-
cally, the L fraction molecular weights appear to increase as
the time of PEG-200 addition to the medium increases
(85,000 to 189,000 g/mol, see Table II). Aldd, /M, val-

ues tended to decrease as the time at which PEG-200 was
added toA. eutrophuscultures increased. It is relevant to
note that the peak-fit program assumes a Bernoulli distri-
bution, which may not be an accurate model for all of the

lecular weight distributionsM,,/M,,) of products did not

Table Il.  GPC molecular weight analysis of poly(3-hydroxybutyrate), PHB, produced in cultures

to which PEG-200 was added at variable times.

H fractior? L fractior? Composition
Suppl. (mol%)
Product time® (h) % Area M, (x10°) M,/M, % Area M, (x10°) M/M, [3HB(EG)]
Alcaligenes latuDSM 1122
La-1  Controf 100 391 2.47 0 — — 100 (0)
La-2 16 0 — — 100 31 2.58 96.9 (3.1)
La-3 20 16 666 3.57 84 25 5.20 97.5(2.5)
La-4 24 49 395 6.35 51 28 591 98.3 (1.7)
La-5 28 88 385 6.26 12 36 3.95 99.7 (0.3)
La-6 32 100 377 3.07 0 — — 99.9 (0.1)
Alcaligenes eutrophusTCC 17699
E-1  Controf 100 1170 2.54 0 — — 100 (0)
E-2 4 9 1180 2.77 91 85 454 100 (0)
E-3 8 19 1290 3.31 81 92 4.84 100 (0)
E-4 12 28 1290 3.26 72 104 4.37 100 (0)
E-5 16 45 1270 3.12 55 101 341 100 (0)
E-6 20 53 1210 3.33 47 99 3.30 100 (0)
E-7 24 62 1190 2.88 38 124 2.58 100 (0)
E-8 28 68 1180 2.77 32 133 2.38 100 (0)
E-9 32 73 1160 2.59 27 157 2.15 100 (0)
E-10 36 76 1150 241 24 189 1.99 100 (0)

@H fraction corresponds to the higher molecular weight peak in the bimodal GPC distribution.
b fraction corresponds to the lower molecular weight peak in the bimodal GPC distribution.

°See Table I, legend.
dSee footnoted, Table .
°See footnotee, Table I.
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changes inM,, and M,,/M,, that were found for differing linkage between PHB and PEG was not the operative
times of PEG-200 addition to the medium are not related tanechanism for an observed PEG-induced reduction in PHB
the presence of differing amounts of PHBAn eutrophus.  molecular weight (see above and Shi et al. 1996b). Thus, the
In other words, based on previous studies (Shi et al., 1996bjact that products E-2 through E-10 did not have EG repeat
we have no reason to believe that the effectiveness of PEGits based ofH-NMR analysis (see Materials and Meth-
200 for PHB molecular weight reduction is related to theods and Table 1) is consistent with that expected on the
quantity of PHB that is already accumulated in cells. It isbasis of our previous work.
interesting to note that the L fractions frof latusare of
lower molecular weight than the L fractionsAf eutrophus.
If one takes the L fractions from E-2 through E-6 as repre—SUMIW'\RY OF RESULTS
sentative (they are=47% (by wt) of the total product), than The addition of PEG-200 at different times throughout the
the L fractions fromA. eutrophusare about 3 times greater cultivations ofA. eutrophusand A. latusresulted in PHBs
than those fromA. latus.Since the H fractions of. eutro-  with bimodal molecular weight distributions. These prod-
phuswere also greater than thoseAflatusby a factor of  ucts consisted of high (H) and low (L) molecular weight
about 3, it appears that PEG-200 reduces the moleculdractions. By variation of the time that PEG was added to
weight of the PHBs from these bacteria with similar effi- the incubations of these bacteria, it was possible to create a
ciency. wide range of bimodal products with differing H:L ratios.
Previous work in our laboratory for PHB synthesisdy  Hence, the ability of PEGs to reduce PHB molecular weight
latus showed that PEG acts as a chain-terminating agentan be turned on at will during a fermentation process to
More specifically, a high fraction (apparently all) of the produce products with “tailored” molecular weight distri-
PHB chains were terminated so that an ester bond walsutions. The fact that the H and L fraction molecular
formed between the terminal PHB carboxyl and a PEG hyweights remained almost unchanged, regardless of when
droxyl group (PHB-PEG diblock copolymers) (Ashby et PEG was added to the medium, suggests that the frequency
al., 1997). Hence, it was anticipated that PEG-200 actedf transesterification reactions during microbial PHB syn-
similarly herein for theA. latussystem so that the L fraction thesis was low. It is envisioned that improvements in the
chains would have PEG terminal chain segments and the ldhain transfer or termination efficiencies of PEG-type ana-
fractions would not. Inspection of thi#d NMR spectra for  logs may eventually lead to methods which provide low
samples La-2, La-3, and La-4 showed the same chemicaholecular weight PHA plasticizers, amphiphilic surfactants,
shifts for PHB-PEG terminal signals that were previouslynovel macromers and chains which bear physiologically ac-
found (Ashby et al., 1997). This suggests that the low motive end groups. Indeed, future work in our group is being
lecular weight fraction of the products frof latusconsist  directed towards realizing these objectives.
of chains that have PEG terminal groups. Inspection of
Table Il shows that, as anticipated, the mol% of EG in the  We are grateful for the financial support of this work by the
A. latusformed products decreased regu|ar|y as the L frac- NSF/EPA Partnership for E_nvironmentgl Research in the area of
tion decreased (Table Il). Furthermore, assuming that all ggzcgg:llgzgy for a Sustainable Environment (Grant CTS-
chains of La-2 contain terminal PEG groups, Eq. (4) below '
was used to calculate whether the decrease in EG mol% for
La-3 to La-5 is consistent with the corresponding decreasBeferences

in L fraction wt%. . . ) .
in L fractio 0 Abe H, Doi Y. 1996. Enzymatic and environmental degradation of racemic

{La-X wt% =+ 100} x 3.1 = EG mol%, poly(3-hydroxybutyric acid)s with different stereoregularities. Macro-

; lecules 29:8683-8688.
4 _moecd o ) : ,
where X is 3, 4, or 5 4) Akita S, Einaga Y, Miyaki Y, Fujita H. 1976. Solution properties of

Using Eg. (4), the calculated EG mol% values for the L  poly(p-B-hydroxybutyrate). 1. Biosynthesis and characterization.

: Macromolecules 9:774-780.
fractions of La-3, La-4, and La-5 are 2.6, 1.6, and o'4’Anderson AJ, Dawes EA. 1990. Occurrence, metabolism, metabolic role,

respect|vely, which is in excellent agreement with the ex- and industrial uses of bacterial polyhydroxyalkanoates. Microbiol Rev
perimental values (2.5, 1.7, and 0.3, respectively, see Table 54:450-472.
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with the goal of separating and characterizing the pure L for bacteria: Polyg-hydroxyalkanoates) as natural, biocompatible, and
and H fractions of this product. Unfortunately, thus far, we  biodegradable polyesters. In: Ghose TK and Fiechter A, editors. Ad-
have been unsuccessful in achieving a suitable fractionation vances in biochemical engineering/biotechnology, Vol. 41. Berlin:
by differential solubility methods. Springer-verlag. p 77-93.
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We conducted previous studies on the regulation of PHI?;3 from microbes. New York: Hanser. p 5-33.

molecular weight by adding PEGs #a eutrophusncuba-  pawes EA, Senior PJ. 1973. The role and regulation of energy reserve
tions. It was concluded that the formation of a covalent polymers in microorganisms. Adv Microbiol Physiol 10:135-266.
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